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Abhoaghodypedel ol 3dnbebgmpsde (22), gute Bobgee g WML
Lphobgm  $Ebotde  Eadsdpomo,  SGopebob  Lyemdhatol  sdbsbzgmo
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gabdooado 3sRbrgds. 98 Ibiopl, Gmdmpdos SGmBebol GGl smfahb
AR 9gdheb-dtodmbym 38630l JbmpglBe, greB-gsdhntge frregds.
36epebob  opfgtolingol  méggeme  aadbggob  gdbdgtodygddo,  Llobob
as0rgomobfobpol asédg, Lsgohims mén grbigeeb — geddéame s dsbodato
géd-gaméol Bydogasbs. gb gabigagoe oby sGess aWBLaBmaGmma, Gmd dsce
3b36gmemds Q* = 0 FgBorbzgzeBo IGmBmbol gmgddGmme gEEd-gaddmhobimgol
apddamo  gbdol  (amodd@mbol Bgbeb ghoygmpdo) Gomos, Gi(0)=I,
bogmm  Bspbodtn gotd-gadhméol 0dgbymemds dbmpmbol dspode dndyEEL
aeéol Gm(0)=2.79. Bgaphobobamgal, Gmdgmbag gmaldémmo 3bge o6 zasfbas
8"\"3"]&6‘3‘2“ geodd-goddmeio ok 36Lgdmdl, bege dsaboghe  gmd-gejdméel
30Bgbgmeds Bgohémbol dsgboGo 3mdghol Bomas Gu(0)=-1.91. 3Gm@mbab
gr6d-geddntigde gftdphodfdamee dafggmee  Imgdderdfel gfughaedhadde
3203035, Lhgbamtmol gmaddtebam s3Bedgmby [12).

36mpebol  qeed-msjdntge, gutoy gsérsfiol Lidmsmpen  0d3mmbaso
Focidmmagbosb  gmmAgobohgmBo  gapsagsbyds  ms  3GmEmbab  gemgddégmre
BabBob boghgem a6formgbsh sfohb.

2.2 gropdGmb-bygmmmbytio nhdue shuefggiea  3ed63s. LdAgdbahgme

FIBIpop0e rs bygmmbob g30h3-3shhmbymmo dmggee.

Bhoamdo 6adogo bngmmbol Lghmddatol IgbFagmol skada asmsomao
1965 Ggeb, Gogs  HgedhBo  Baegs  momo  béaoob  8gomby  Féegogo
dmgdhGmbymo  sBshjhgdgmo, Godymag 20339y Shgdes  araddirbyRl.
alggy GeamGg 3ogBhsedhol gfbighedgiegdde, 3 sdshiGdarmby aradherd-
Yefmbemo 3s36308  Ggaguos (LD Bgobfsgropdoms, mmmbr gegomgdor oo
aEoppamo  0ddgmbgobogel QP11 ag32 slge  FplobyypsBo  gemgdhted-
Bt 3036g30b 36magbl,  médxe shumtngme 3630l dbmpgbo Ijzes.
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bgbprtol Fhgag $Bshfhgdgmty gmafhembal Bpymembly medse shaehggo
3036730 36m(3gbo 'aaohﬁ'og»a&nggo Gmamty abgmgbonto Godges, go. Gydgool
badogmmer  36megidgdoesd, dbomee  aRbygmoe  gmajd@mbol  Goaabgsges
bregdos!
etp e’ +X
(2.3)

t
8] X-oo ab GsforpogPos  smbaBbgmo, Gedgmos  waIBGs oG brgds.
JoB3BoBoga6ue, o o gogoogsmobfobgder  Bsfomagdol LabRL ws  Lofgobo
909JBGmbol gb6gh30sb PoJofgdnmare Rsgmgman, Gmpgbe (2.3) smafghds ma
(3egomn: Q” s Imcy  (33emaeom, Gedgemagy stpAggsemdal  dsbsbosmpdemae
'aaodmabo Rsomgsgamb. olsamo G3moreol  Lsboo, dogomoamse  Bgodpogds
393mggbbamo of6gl grogdhGebal 3a36g30b ggory O, 6 Iehebgmo Lobggdol
obgo0s68mmo b,
W=(q + P)’=-Q*+2Mv+M?
24
o] Pr3Gofmbol  4-083mmbos, M-3sbs, dbsy, bowe v=qP/M=E-E’
adro(gdamo g6ghaass medmtegmGogm (9dGsge bygmebol) Lolggdsdo.  gaGm,
bBodee 93 3Geglgdel BgbaFogmem ge8maggbndab, damjgbal (3gmoml:
x=0"/2Mv
2.5)

shgmbsotse  3o6Lasbmghmmo  doméggob  ggmoro,  3eblabrmggmos  0-1
obgBaomdo, @5 Hodggmmds x=l, Graeby (24) geédgms  B0s60BERL,
Fpbsdadpds  grmgdBGebol  éhggae 3adbggel. mégsme gedbgel  sbermpagu,
Gpda0s (23) smofigbgds 0dsgy Brgeme goedamon(2.2), opebe 33 Bybyggsdoe
bpbobgmo  Bofbeta  WH L sbymo  odob  gpbloopdy - 3éGm@mbeb
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byOaddatame  BIJeoPty  meBogorPame. ag  Gsfomsgel  LIERL o6
aogoogsmabfobgdor,  gofladdgre  Bpda0sty  gmgddteb-fygmebye el
séraegoreo 306308 Whéadhatame gabigepe mto pymamol gmbiges b
ageb.  Vbgbgotide  Rugebpdye  Jatggm  gflighodipRBe  shaetgyeo
EmadBOmE-3mpebyma aRbyel Graoldhages bepows o6 gmobyby (6°
10°).  gmoj&Gmbgdol  Lafigobo  Bogomol  ghyaes  agmpdems  7-17 333
ob8@3omBo. stehyeo al.sbﬁaaoh 330006 sdorgoendamnds Q7 asbmdomo g
Ubgomsbbzs W-ogab. gJidghodgbdol Bgmgamds shggbs, Ged Lbgaplbbgs W-ogol,
gmddGobol  3GmBobly  a0dbgze, dmBol  3dbggeb  bamegaméos  [13] b
dogowo@dl, 6ol gmgddGebe  Bngmebob  Bdueagbymo  Geformpby  3e0d6s,
Godmadag  Bpedmgds  JuEGTIdIem  Geformogpdee  dogoRbomor.  Bgdeamddo
36mpebob LhGHddatar shogamadl, Gedmpdbyy gmaddGmbeb a0363e brgds,
3bfobdo gfmmon. 83 gdbdghedgbhPds meomglo Gomo omedsBgl B mmmbal
VEOTIGTOL oeaghsBa. B Looydggmy G.gobdshals s gdomggbal dogh
3)4%omo ogm Bgmmbol 3sbmbmo dmpgmo [14].

3pdgamde 9fbighedgbgmoe s agmGogme mggdel Bpmoger a0t
Ged 3sihmbgdo Bgodmgds 4303k ogmb gsogagadamo.  gzetgnde, Gmamg
agéebRol Lpéaddatame ggddade, bbgs ggbmagbal — sefmbdal sGbgdgemo
Wigdhol  oboblbgmem  ogm  Bpmggsbomn.  sdgedey  gdb3gendgbgme
oabhgdgmes, Ged  Bpgrmebol LdGadhats  ggety-dihidmbame dmggmon
seofjggds. )

28 Bouggemol dobyogom Ibempmba 1o JomgbhnGo 4360kl Byeagds, Mo
U s ghoo d gabgobogsb. g3l Bmtob  geooptofyepds  amgrbdob
a%03mon  brogormgegds.  rrgebpel  ghaaghnfipegdel  Bgrgaer byt
amdogore bregds ygots-sbagzetgame Fygosmpdol §abdngdts, Gerdrmpag Fydega
obyy aewgmbBn goreaeash. gb Gugommplo JBBas Byrmymbol  gaofg-obidhoggehyge
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bmgsb.  Brogol  g3atgRb  Bm@ob  Bgademods 3mbdgte 4306 4pd0bageb
296Ub30300m0  Fygomade ay3bgb, dsysmmaomsm 0690 y3930L s Fgbodadalio
36804306308 Gygompda.  Bygmmbol  bg@migmcab afghs  Ambaby@bgdammas
B3g0oeg® sogemol Lobgdao, bagsg Bygmebo glsbmme bohgstoo dmdéomdb.
sbge  LobgdsBo, dempmbob  Fpdmagbom  JoGEmERl b 33Gag
Beodtaseadgh, beogmen Bscn0 ddgembio Borggbiol amareab Gmgmas.

2.3 bygmmbol  Ldobyho bHAndAnGs s bbby msdmgoepPamo  g3shgmmo
336sfosmgdado.

6sfommsgol Lo, gho-ghma  dotomoge 306 meo Gogbgos,  Gmdgmag
6oforasgl  omfgdt s 3ol ogolgdRl  asblabmadagh.  sbggge  Bgragbormo
bobggdpdobsogal, dsgommomse  Bgagodmos  sfmdel  LhGddmes  60B36gmmaeb
oo WGodge  gmoddtebpdel Ldeboo  geblabmgMs. bBryymmbol  LgGHmidahob
BglGagmobal, adogds  goobgs oy Go Aol sdsBedl dobo  Fpdareanbgemo

Bofomgdal  430hgndols s aergmbydol L3abo byymmbol LgGmdgacede s o
Geoae®  doomgds  doon bogggdgomy  bggmmbob  biabo. Gobs  3strap@ugddo
a%6bagmgm  asdbggal gfudgMednbBgdde G sddo Bogseol s s Ladobbal
Wabgho  BramBstigmds  gofbadgdame o6 oge.  Bompdgmoe  Fpegagde
2obodgommdgmo  agm  U3obol  Bodsta.  Byymmbol  Ulbgde  LEHGTIE el
BuFagmobamgol  smamgdgmos  dmmstobgdame  gJb3ghedgbel Redetgds. sbgm
23560836830 Bogsol  Bofommaggdel  @s  LsdobBol  Lobob  méagbegas
gofbodgdamas s aobm3zdo  Hotpgds oo Ubgueslbys dgmbggzobsmgol —
6ogbag Bsgorabs s Ladobbol Labgdel mBagbdspes ghmdsbgmol ds@smpmmo
©s 3bB03stramamtos.

63mmbob  Blabob héﬁn:jént‘mh B3obby sdmgoppPmmoe  LHAIEIGIme
gabigogde sfyéb [15, 16]: 216,0) D g:%,0). b3Edd e arbiagdal
dson Q? ©a3mogdamps dmopyls 368G~ JhmBmeabadogsde [17, 18, 19, 20],
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sdomd  alobo 'Baaaodmo:s 3%630bogmon g0 (ggmemel X gmBigogdere.
aJu3podBdamem 810 ©s gaX) Tgodmpds  pbobabmatiel  sbodgdGogpol
3obmdgom, Fgbadsdoboe asbfadage @ ae6ag0 dogmatobsgol 3dmby Ladabbyosb.
3obfghago  dmmstabogool  LsBobbyby  gad6g30L dg80bgg3e80,  gzgoob
338mbabyrpds  dofoomen  g1(X)  eygbigoom  gaolsbmgtnds, g0 -y
oo oregbre Faath' B gasiy Femoro Bpgab g3gmedo.  Imgmatobpdye
233603269330, 0bedds 30630l g39mol sbodgGagdo:

ARLAS AL = ol= ~o'-
olb4oll 7 Gregn-

Ay
2.6)
obAndoo smbaBbmos L3nbol afohBsses. blobgho 3036530L gmGdsmabdab
GG ol smifgformae dedmbomgemo bsbosmal 6:3Gm3RBa [15, 16, 21] ws
BlB) o0 Bghgtepdon.  y3s64-3shFmbaen  Bepgmde  g4(x) LTOR N O e
360 dmagds egm@3gmon:

e a@) = 35 eA) +Ag(z)]
q

Vsosy 49=q (x)-q'(x), @ ' (x), g (x) — GoFdmseanbl b3ab%by odm jaepdamo
33564900l 306sGogmqdol o3nbJ30g8lL bygmebBo 0d Bdmbggzalimgol, Gemge 3G ol
b3obol m@0gboges bygmmbali L3nbol dssmagmrmgfas o sbGodsdsmgmto.

olggy GezetE  sGsdmmomabdnm  Gp8obzgzede, Labhy  sdmgempdmmo
Ld6addacame  @gbjpepde e gghgamo  3ebsformgdel  qpbipgde  gbms
333sgmnamadeobgb 30¢33Tme 06sggGEMdRBL. 8 MsbiggstrmdPl bBodor ks
Fabpb  gferpg.  sbgomo  osbigetremdpdoresb  gedmafbygs  LdGgddaame
BI6J30gdol dmdxbigdal Ladgsmgdon dompdgme 3¥8mbsbymgdodo.
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1
rl = [) g.(x)cl:r = Zez (Aq + Aq)
9 (28)

3] domgdmemos, Gmd

Ag / ' Aq(a)d
= q(z)dz
0 (2.9)
1
3hepebobs  @s 6gobol  Webgho  LeGaleatame  aymbizogdol  gi(x)
Jathggee 3dphpdl ghmdsbgml dom ybol X3Bms [22, 23] Fabo ysg38063L:

A

r-Ty=-A
1 1 av

=0.209

(= ]

(2.10)

gvgr = oftadzgbo. oo gaddetgmo  B3Pal  gfigedsl  §akdmomaghl,
Godgmog  godbodgepds  Bpgeebol  Sresdmopsb.  domGol  xedos  Fgbo
aJb3ghodgbhamar rueslgghdgmos.

dgody xodos Folbos gemoli-geggb xodns Fobo [24], Gedgmo doompds 03
©s33P0b  Bgegase, Gmd  bpgol oo  bmymebdo  séass.  CERN-3o
Roatipdgemds  gb3péodgbhpds  [25, 26), lumsg asbodzo  JBee  mom
Jo6gogne obhamgsmBo Bodstms, oty SLAC-ob 3fbghedgbdde [27. 28)
oBgbgb, Gmd  AZx0.1-02, oy  FoBgbgmegbie  a6Lbgsgmds  ogmommo
3sBmmgmndoliasb. b Bpegade, aobes g3t Fompdgmo Libmho  ghobabob
33dFg000  BoBgbo, Godsy  Bodggmmzsbe  ogmbommo  [29-41] s
aJu3060dgbmme  ofogmds  Bmdggs.  BpgmmBol Wb Bgbadgmmdgemos
Fotdmmagbormo agbel, Gmambg dobo Bpdsmagbammo ggetgdal Liobabs s saGgg)
3356g030bs @ arogmbpdel em@dagimgte 3mdghlgdal Lsdgsrgdeo:

1
2

AT+ LI+ Ag+ LY

L]

(2.11)
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bforom 93 Fpegandol Bpdegy reareas ol FobisaBo bgymmbol Bgdamagfrmo
6sfosmgdob: 3omgbhatho s brogol ygehgpal, ammmbpol Llobméo aabsFogmgdol
gobdoogols  (48), ms ggebgobs (L) @ ammebob (L5  eddogsmyéo
3mBbihpdol (o2 orngy 3sbemdge.

2.4 5fu3ghodgbhe HERMES

adb3g0896% HERMES—ol dofomog sdmgsbsl Gatrdmomaghl domadobydamo
998 Omb-36mpmbamo 3386306 LsBgsmadon Ergmebol Lol bGmddacob
roagps:  0JLIphodghe  asbroygmes  pghdsback  Bsfommsgms  gobogol
madohagotool  (DESY,  Lddnhan)  gemgdhGeb-dbmpebame  gomsogyéby
(HERA). gfu3péodfgdo bomom  gmmsambol géhmo Gogmo — 275 a5
600l JomotobRgmo gmaddGebRel Gsgien 3edmybRs. gdbdghodgbge o
sbarn Bafbmmmmpasbys eedyshobgmo.

Jofiggemo Vosbemg  Rogs380fpdgmos  ymmsagtiol  geadtebgm  Bigey

3mgmatobogool  domgdol  Fglodmodmedsbmsb.  93shJsrdmob  opbodn®  gpmdo
Fhogm  odopeby ImdAamdobsl  gmagd®tmbpe  Lobjhagmbym  a03mbbaggdsl

asbomash. 33 388mlbogglol  o30bPPoEb  393mdenbaty, gmadEGebol  Lnbo
309mbboggdol  Ladédyol  3gAdgboggmetgmae  mGaghBobegds. 93 ggpidl
bogmmeg-Badbogol  gmaddo gfomegds [42] 93 3gdebobdal  Bobgmgom Bagarol
dognstnBoggool  BoJbadogmto  ogmGogme  360836gmeds 0924 Bgaagbl, G
336330730 Aol Igdmgy  doompds. AmAl 3sGedydto HERA-%3 34 §ooob
Bogmos. 963500356808 Fob  gmgd®Gebals 13060l gobage mEagbogos agds
33LG3603%.  L3obols 33:]@(»2‘)0\) 900 3edéigbs b3yynomgo dsabodgdol, gatge
foePamo  Llob-Gogedmagdel  Lidmgmpoen  beps  [43)  Gprytee,
20dGmbmmoe  Gageab  ImgmatoBbagoob  360836gmmds HERMES-ogals 40-65%
Bgor0306L.  Bagareol Imgmstrobages obmdpdmms asbage [44] ws aalfzeage [45]
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3‘.,;2.36033@)638015 Lodgsmgdom, Gm3gmas  gstiemdonn bbby  Lolggdaggde
gremdogaghon 3%60bsBughmes s Fgbadsdobow 2% ws 1.6% Bpawagbres.

HERA jomsogghol  bjpds s  giidgododgfy HERMES-ob  as6emsagds
dmpgfpmos  Lheody 22, O3y §oy  bpdeoby  3Gm@ebydol  Bagugol
B6JBOGos  smbadbagh, matxe ggddGeBRl Bsgogab. Ljgdsty dmggsbogmo
gomooegGol  4igfldghodghol  asbrmaggds,  Llobol  GogedmGe  m
Jmgatiodgdgho 0d  gobgogntagosl BggbedsdRs, Geoeglsg HERMES  msofym
Byomds. (sBgoig gomsomgty Botegs Wda gfghndhie, Gedepieg 2007
frosdrog 088530906 SdsBJsédormby: HERMES, H1, ZEUS.)

Spin Rotator

Transverse
Polacimeter

by 2.2 HERA goxmoogiab bjgds
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ey 0bmgsses 'dmc\nmgaﬁab%a Bogo  Immatobpdgmo  Ladabbal
4o8ogBBolmst 3Gl 3gsgBotdamo. sbgn bedoBbyle Sematebpymo gl
(Fyormdogo 36 mgopofoglo) s§m3pRt cwadol 90% Jgmotnboges odgm, G
3 300G LIB3350 sbgm LsBaBYL o ImmstaBgdmme LaabBoligsb, bLawag
Jopnstobpdamo  spmdpel  Gamomo  Logdse  dogedss. HERMES-ob
3mgmatrnbgamo bsdob6) mademydee shob smfadome 653%Hmddo [46).

2Jb3h0dgsy HERMES-Bo gemajémb-3mgmbanmo o gmaddGmb doboggme
Pemoyhoftpegdel  BpBmbygzpdel  Ggaolghoges  brgds  sdszy  Lebymfegdel
dsgbodmto  B3gddGodgdhel  LeBpmpon.  bigdhGedgdte  mydemter
sofgbomas  653Gm3Ba  [47], 3ol Ljgds  dmpgigmes  Lpeody 23

\ RAL AL &

1 oRsTcmuners \ 270mead

AT -
in Eﬂ R

1 o B
s

foocs Scxlle gy sy - -
TARGEY -]
caL ¢ WL it -R 1. )

. ove a 4 } j

) HODOSCOPE 10, ; | ,
stmmrz/ T . 'Cul TRO  “CALORWEIER 190mmad

WSC‘V

PON WAL
20mad 7"’""
WIDE AIGLE

LUOH HODOSCOPE WO NODOSCOPES

B 1 2 3 4 5 L] 7 8 9 D m

bgksma 2.3 HERMES 8sbaggée 139J3HemdgBtob Liyds.

1358 Am3gHGHel dof00seo xm8g6dos wodmpyo  dsgbodo, Gedgmag 14
Bobms  3sgboggtn 3gmol Somgdal bégbamyegl. (bgh. 2.3-% b0 Bgemos
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gobp@er).  gomsomghob  gmadhGebgme s dGmBebgmoe  gegmmd-aedgetgdo
dspboghol  Bogbom aomob. Bogbodo, olgzy Gomamt dogmo  abopaite ™
oba® 6ofomoe ogmegs baes (up) ms Jages (down) Bsfogmpdare. Ladabbydo
326game  paddéerbpe s ghongbofypePPBe  Gukdofomo  Bsfomagde
rodddotrds nfobobhumah Lodhhgde 0-170 Bhse ofhyhgemdo b
bome  36dogimgho  sJugddsblo  40-140 dhom-al Fomos.  Ligidtedghte
Bpdkegao 0BG Pelas Fyeagde:

DVC (The Drift Vertex Chambers) - wégogmmo gsdghgdo, Gedgmms
soobato  ofugdpeblos  35-270 Ay gohdopmpter m 270 3G
ImGorbobBomatoe. bapfggm doxol loahdgs 6 33. 43xRB0 shob 6 Lodbdyy,
Geodmpplbag bsBo Lbgamsbbys mbagigeges (UUPXX'VV') sjgon.  sébgdol agbgo
1088 Gmmos, Gog 220 88 loghpam asPRgaobgbsbosbedol  gbébagmyndb
moomgge  bodoggido.  gdghs  dpBimdb koo aobpde Bty
Ar/CO2/CF4 (90/5/5).

FC1/2 (The Front Chambers) — dsgboghol §ob dppdehy mégogmo  gsdghgdes
(48], Gerdemgdlay 7 33 dogo s comegamo s8yhsBa, DVC- sbrmmpoghor
6 lLodhggp. obpab  bighom  Guoghodss 2304, bome  eghggeme
as6BggobBsGasbmds 225 3.

MC1/3 (The Magnet Chambers) - 3s360830 306mmsgndma  IGmdmbogmo
6o [49]. oo dogos 2 33, Gy 700 38 aohRgaebgbstasbindel adengzs.
ogommgne  gsdghoBo 3 Ladhggp, (UXV)  ymbgogghsgoon. sGbdol  Whgezo
érogzbgos 11008, bodydse gobol Gsggos Ar/CO2/CF4 (65/30/5).

BC1-4 (The Back Chambers) — U3pj§6Hmdgdegmo abogol  Idmng
abmsadamo  mégoggmo  pdgepa [50, 51}, Gedempdbyg 15 @ doxe sjge
daomsesm gl godghgo  36LsbraGogf  biJBGrdhGel  goobah  sJtgiBsl.
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agonee ROPGIR )80, sHbgdme 4-psb, 6 Lodbdyp. Hbylol baghon
¢oggbgos 7680, bormer as@hggolighatinstods Lodéhggby 275-300 359 Gogabas.

RICH (Ring Image Cherenkov Counter) - ByaBymgol madaddmde [52),
Godgmoy G630l agbBogegsoolemgol asdmagBgds. EaBadEMEL o3k mee
GogosdymBo — 338330630 bogmogorgdol  sghmagemo, (bobaomol  gacieagbob
BuhgobRamo 103 s boghdmato ¥ geddeéo 42) @ CAFI0  (bobsmmob
aemathgbol BsBgbpdamo 10005 s brrgddemaho ¥ gajdmén 32). madoddote
baBgorzgdsl adgmgds Joebgdab, gsabpdal res debhmbdal amegbhogigspns dmbregh
@fgpamo 1 333056, L3gdetmdgshel dngm sflgddsblda,

TRD (Transition Radiation Detector) — asfpsdsgomo  ae3mbbaggdol
rodaddnta,  Godgmag  gfulphedghsBe  Bsfomagms  ogbthogegagaebingel
333cm0ggbods. gb ©aBadEM0 LsBasmadsk admaas nmnddGmByRel  Ggaebgeges
90% 350ddatmden dmbegl, bome esdgbgme Jembpeb Gaxgdgeel gedhmGe
asbrmeagboor 150 Byoreagfl. gm0 6 Brmmmoliopsh Bpeands. ogocggEdo
demobogaGo  buobgomegmbo @  dGedmGgogmoe  gdghob  ghomdmomdsl
§o63mareabL.

Calorimeter - gmgddtedsabodgho gsmmboedgde [53], Gmdgmog oo
6afforolipsb  Iyopgds. ogoorgmemBo 42X10  Bygool ool (F101)  dgmeagos
Bosgbpgemo. moomggmo dmmgel gbomdos 9X9 182, bogme bogédy 50 13
(mssbrmmpdoo 18 cagosgogemo  bogfidy).  gamemGrdydtel  dafemsea  gabjges
fb3ghodgbgBo oym adbymmo gmnddGmbol Gaalidtupes (HGogghol webyty)
R omBdonogees  gmaddGmol  GraolgGages  gamotodgd@de  95%
93048 m6md00 Brgbs, bogme 3aebRel Ggxadaect gddmbes 2500.

Hodoscopes — bobgomsgonhio dopoabymdge HI g HZ gbégbipmymdes
Whsg Logbompdl @ gommtodgdiol obgmédsgestost ghose  gedmaghpors
dohggmo @ebols Bogghol  grdatgloliogol. eGegy dngebjmde Bgeaps 42
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30680456950 baobhommadmtolash, Godymos lLogsbgs 9.3 1. H2 Jmgerbymdol
Gob  3moagbgdgmos 2 Gsmosgorgmo boghdol  3Jmby  Bygoal agofigods. gb
gohigadys s Soeolymle ghowe JHos 3GgBsggl’. HO dogebgnda, Gedymog
dsgberghob Gob sl Bansgbgbgenn, bgobomagytaol ghmn godaogolias Byeagds
s dofomaese  godmoggpds  JGoebgmo  Bsgygom  gedfaggmoe  gobyéo
oagopol AobBrdols dabboon.

Luminosity m‘onitor - ot dmbogmo e gammbodgdel  [54]
Fotdmaeaghl, Gmdmog  Gugosgogmae deatsge BygBymgol  gholiampabash
Fpoas NaBi(WO4)2. séolgompdal  Gomosgogho logdge 103 13, beyeme
domoghol  Gogogbo 238 13, memodphto oo  Gxfamolast  Byoade,
monmgemBo 22x22x200 833 Bmdob 12 yhaliamoas.

sfodomme =pdaddocpdel  edes  LigdGedphhde  Bgeomes  bbg
rothaddmigto, Grdmadoy Fbemee Ligosmghe Fpdabygggde gednogBRees e
Doy smsé Jgyfobrgion.

0Jb3ghodgfEol  mowghglo  EAmob  363gmmdsdo  HERA  6sgomo
3mBoghobmo agm. BpdeamdBe méagy gmaddGebymo o dnbogGmbmoa Bsgmo,
oy bggesmgher o6 ofs smbadbymo, rgddtebamer ofbgds Smblghgdgmo.
Bagool g6haos ogm 275 33, 6sgueel rofe gmemaeg@Be obggdgool el S0 3
(BomosB3gho). gegddGobgmo B3yl Babadmmgmds commgamo  abgadgootogol
HERA jomsopgédo psbmegdon 10 Lssmas.

Bogs  bodobgdo, GoamGg D30 ogn  ombadbgmo,  gedmaggipdenes
dopstobdamo  Fyumdagn, mgodptogle s Jpmople. demstebdyme  gebob
bodgghagg  ogm  2010¥  Gpgmebo/tdZ,  dmmskobggmo  badabbol  eties
aflphodgfgdo  aodmogbems  stslomsobpamo  lodetbge  (Fysmboo,
godhoglo, Ipmada, .s‘bc.néo, Bgmbo s ghodgmba).  gfblghodhdol dotgaem
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horgBa, 1995200 Gmpd3o, Ligdemdatol Bogh Ggaobiytomgbamo oo
edse shoAYgore ggddhebyme 30360l 25 dogombe B)Bnbzggs.

25 ggohgpdol  (up, down, strange) ULlofamgho asformgdgdgdols  Bgbfagme
Bsbgghae-obyrabogho mAlie shuehyme dhmeglpBe yymebhy.

6agmebBo. @ugpaee 43640k Wt aobsforepigdol odlighodzbdgsen
asbedyy bz Babggfo-obymplonfio  mAdae  shumiggae  MGegglghBes
Fgbadmgdgemo. 83 3Gmgglgdol  sBusbgamo  Ljpds BmppBpmos  byGeody 2.4,
sdpglo gmpdEOmbo (6 JmBagba) sLbogpl Johggumyh GBOEL, Geixmob
Bonsborfds  bregds Bygmmmbob  g3sbgob  Bogh.  gguge, GmdgmBsy  gembsh
oghonghofiyes, 3sBeobynGubps bymmbogst s BpiegaBe duphmbag (o6

byoono 2.4 Btebpol Fahlbibs mtdue shabpr mpdnb-Eamrby®
333693530.



Dperbpdie)  ghsadBhetRl.  abymbons  Agdpepde  dbmmee  a936g7me
mpdBebob ©3430630s bregds, boimm Babggéum-obymabond GgedaePde 3036y
3Bt ho obmdpds gheo o6 ool dugebo, Gy B0dgbnmemgob
odsphgdom obgetidazosls ademgas oot Ggagesbonss Bpestrpon [S7].

obgrogbogho  3obemdzpdBe  Bypdmpdgemes  gpGaPols @y BBygeGReb
(brogob  439630000)  asbsformadndol aoBmdzs, Gapgsbag 33000 3a3mbobyemndsdo
d3"“’d"1’ IbBol  g3eeMofo  Bogmols. abgmobonhio goBmdzpdowsb  getgpdols s
Biyoggetiggdol  bladgrgfo  gebafampdpde  Boompds  Bbomewe  gedygyoeme
ogerghongmo 03930300 Lagygdgamby.  ggehigndabs ms sBfaggstypal Lintagamta
as5oforaggdo  Bglsdmpdgmas g Jotheaded abom gedloogeb  geberdagdoress,
m‘ado

badermomm  doamBstigmdsBo  Jahmbol maygehgpds brgds.  g@sadnbgegeob
qbpogdal  Bgbfogmsd gbomym, Gmd  sGLedl  bFedolgognho  ymHgmeges
26o0gtoJdxegdede  debsformg  BygmeBel  j3etgab  Bodbs  ws  Goddmgdorn
Jphebl Intob. dsgamomse 7* Bsfomagol, (Gedgmog U ms d ggsfgab ddgm
dogmBstipmdol  Foddmopaghl) Ggaolghsges moge smdsmmdoo 30sbodbgdl odsb,
68 gohdsmntds gopmbds byymebBe ghmogheofixemds gbogses u W6 d
356b0. Bgoenel, Gedgmag Gysdaoot  bdmmen  dramdshmdsBo  Jaehobyol
gddEoRel boggndgpeby Bngmmbol g3shgeb Godol (sémdsgob) eyl
UsBmormadsl  odpmggs, ofoepds  sOmdsob  Bmbodbzol  dgmexgo (flavor tagging)
gFopps. s oobadmb, Gmd  Bygem  dmgasbom  sgdmondo, 7 oo
sgmdsomdo U d8°“’d%3° 73680 3b0gmo, Goasbagy 2298 6m8sp608 960
oo firegdols gggms gyl Babab srGBol dhmdnbuagmos, ga. 4 xgh
3g80s d 43863056 BgatiPom. sbggy asbomgsemobfebpdgmas ab goBoto, Ged d
43g0 Forrmone bygmebol Brogel ggohge Bgodrmgds ogol, booo HERMES-ob
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Jo6gdo80g0® 309, GodyemBog gathegh Bomhygbol x-ob o 360BbgmmdRb
(0.023<x<0.6) , Bgob 33640 sbgderdols smdscrends Agoigs.

68930 0byergbogho gemgddGeb-Egmmbahio gdbgys BagemebBo Bplagemo
334t Wlafargho gbaforpPadol ergbipool smmagbol bsdgemmgdsb odemgys.
HERMES 3036 g3s64p80b  Wotamatio  (Segmsthabpdrmo)  aobsfogmndols
gobdoopol 3oBodgs bymmBlo mademmGe shob spfhogmo 653GmdRdo (55,
56).

Bsbgg@oe-0bymybogt wAdse  shaptinsee ImagbRdo  0bedPs  IopAmbols
adsgdall sbodghtos A
h h
o= T2 T Ty
TR @.12)
Jetimbol adsggdol wogghgbiesmgto gagms, (2.2) geédgmal sBsmaamo
399mbsbrmadoo 3ma(3gds:
e
drd()? - Illl:;’- o

N I.,”, ”.Illuf
(2.13)

o] Wi Bebrbgme $obbmbos, Gmdxmag géme Jsehimbol o ymgbogéo
43070l FanzageBo e orpdymos b Joblidogat EamembIs (@ prl 9.
ROl shopegyoee 3sdbpdol  gobgBodagge  (gemsmpde, GrRMAG  abyrmgbege
sbgag  Babggdemabyrmabondo  Ggejgogdobsmzal  u6dsdgdamas  bGomBa 2.1
s@badbem adu3g60d68Ba,  obmdgdewes  bpAebyme  gggme, Gedgmag
obBatohdmmo ogm sbodgdemgfo ggobol s JseAebol asboge  ad3nmbob
J3otadol 30dshor. gambobageal asogemobobgds LsBysmgdsl adgagzs, Ged
Boobogh Jshmbrymo s rgddmbyfio Bsfamol sm-gamgy a0bbogmge.

y3gongdol agnhoel  dohaos  GoaBo, dsphmbgme  gggmpde s )
o 32 Ygodmods Bsfgdommo  0y3bab, Gemt 3396500l LloGsmgho 3369 omgdal
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s drhobol g6oadibitegent gubigeel D@ 07) Wdgsmpon. ahaadgBageeb
gabde00 D'\ y&.Q°) §obdmogagfl smmdsowndols 360BzEgmemdsts, Godgmog 674mmmbBo
460006 300 4-3396308  h-doehebB0 ghsadgdegaol IGepgbl  sbsbosmgdb. o3
gabdoogdel QCD grapsdnzs gotiaer shob bedagoa [58, 59, 60].

gbiogoo 2.1 médsg-sthamfigismo abyg0b gabgdsgogmo gamorgdo

k=(Ek), k’=(e’ k") Wgabo s 336ggmo madgembol 4-0d3hmlo

6,¢ 3336370 03hmbols Jeogmatrgema s
Sbodydemghe sgmbggle

P =(M0) 1s3abbols 6 4embols 4-0037bo

mdeGagmtogm LobgdsBo

g=k-k’ 3068760 gogmbal 4-093qmbo

Qz=_ qz =4EE sin® (@2 ‘got‘wqmgomo 202330670 0d3gmlol yjspéedo

v=Pg/M=E-E’ 306870 gegmbol gBytaes

x=0/2 Pg=0’/2Mv d0mér gobob bgnomobag@o (3gmeca

y=Pq/Pk=v/E 306G Tsmato gogabol 9ol Formo

W=(P+qf=M+2Mv+(@? | DEmEBaHrbob  Lobglab  obgohosbihyez
3ol y3stuego

p=(Exp) bsdmgmeer deamdathgmdsde shlgdgmo  daphobol
4-0339mbo

z2=Pp/Pg=Eifv bdeogzen - egribairdol  dugfhobol - gfgaoet

Fogmo

Jspmbol 3obatoge 0d37embob Gogmo
xr Podlq = 2Pcy/W
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sbodghtos,  Ygodmpds RsaFadels 43%64Pol  Lladsrmm@o aobsformpdabs s
5933689300 B76Jp0gdel beBgammadan.

Zq (';'; Ag(a. ()2) I)g( 1.0

.\I‘(r_(zg‘ = Y 7 2
! LT LEXS) DE. Q)

(2.14)

adu3phodghdgmo Srbsggigbo (ob. @boommo 2.2), Gmmpdoy edmyobadgsme
oy sbodpdGogel  sbangemgrmo,  Bpthgpme oy Bggto  gGaghogigdal
asmgamobiobgdoor. jahdere, sOhygmo oy bomme ob Bpdmlbzgggde, Logsg BN
Ro®JdmGe  IhedmadPolasgly  3pBumdms s Bagaeob  depmathobageal
%09g6mmds 30 ©3 90% Bmob oy, gmdhdGebgmo Bsgsmab @gol jo 5-50
3 Bowrob. gemdGeBgdol omgbegegsgeet gmaddahens  98% -ty dgke oy,
Bbogmer Joehmbpols sbBmdol gajdmBe go 104 Jupéerbdol  onbiheggsges
bopoes  Rybgamgob  eaBaddotol  Ledpompdom.  2000-fmsdegy HERMES
WJh6odgdeel  Buaedrato  Bghgbsmgel  dmgmgmac,  ombglol  Wbgs
JapperbPolisgsh 3s3mgmezols bsBgemodsl admgmres 4-138 333 obhgsemBa. RICH
©pBdEnG0 g0 beBpamgdst odmgores, dombRab, gabPobs s IGmBrERab
orgfdogogspos dmbegb 2-15 333 obyhgsendo.

bdomong  gghgRal  domahobigogme  3sbsforgdgdal  gJbiphedabdigee
srreaghs bregdos asbdmmpbims Lolhlol Laggndzyrry

A (x) = W()P()) Qla)
(2.15)

Bawag A1) gaddméob grpdgbipe sbosk gftlphodrbiy sbedao obygBagho
s 6sbgatsmabmgbogho sbodgdtogda, bogmm Ofx)  gasthgpdol Immstabegoym
57640 Bppogh @ asbdmempbaloorgol  gebed  3addmel  Fohdnaeagbl.
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Jegmothobo3eol 3omtol as8embabmmadsda bygmmembol bagme Lbgemebbge 430@30b
Jegmathobes geols:

30ddm6Re P(x) doomgds (2.14) 398mbabgmadol gaddenbageol Benase s

dmbBg-gotmml  Bgoogen  aodmoogmgderes.  N(x)  LadaB6gBo  6ygemebal
Srogasmdsls oogsmolGobadl.
o bogmo 2.3 objmgbogho  (DIS) s 6abggtembymmmboméo  (SIDIS)
'aaambsmabob bHoBobags, Gmdgmac 399mgbgdgmo agm 54bgodgbdn.
bo- DIS SIDIS Bgdmbggggdo
306y | Bgdorbizngpdo o - K+ K-
H 1.7x 117 x 82 x
108 10° 103
D 6.7x 491 x 385x1 76 33x103
10° 10° 03 x103

adb3ghadgby smmepgborma  g3séypel bleGemrghe gsbaforgdeb  gabipegde
5-Ubgomalbgs g3 goboogol  Bmggsbommas  Upksoly 2.5, Bmggborme  Jyegagto
Fohdmamaghl  dmemeobpdgm  Bobgatag-obroggbond  gidghodgbhpdde  dompgw
oty by FpegaPl. Boo smeghobogol  sGslmmsGabgmo  g3ehsgme
as6sformgdgdol CTEQSL 3stadghtrabogos age aadogabpgeme [61) smbsbodagos,
6o oty Bogatrdam bgegh Gabggtae-obyrmgboné  ofbighodgihBo [62] o6
begongs Joetirbpdol aregbogogspes @ baboldegy gphe Bsymgbe ayn- o

49



3Bmdgpdoo U— 333645000 dmmshoBagos Bgymebdo [Awul(x) smdmBbes moggboma
> omoro, bogre [Ad/M](x) gshgmeomo. Bmgod ggegpdeb  (sEgo-[Awu)(x),
[Add)(x) s [As/s](X) asbmdzpo, Bopoomgdl, Gm3  Bsmw  Fodgbymmds
sBbygeAias Gmegel dmpmstoBagosbons,

[ x.Au _ $
0.2 :— j f";':,é-:-#-_ = :+:.\'
ETSHEFTYC S
- x-Ac..I — AR
O == 1, $ —.=
[ S¢=.=.=L - _ ___& =
0.2 [ ¢ :*'
;Eszzﬁz = e EErs.= t ......... —
0 E ; 5
-0.2 |- x-ab
=N =
(1] ;=_f= f=fif Ef===*- ......... —
; 3= ¥
-0.2 ~
0 E===+=_—.+=+= == =¢.=.+=.—.r _________
0.2 — xA8 ’
o003 0.1 ' T os
X

bgtooo 2.5 gtogpol  Wlamate  absfoagdab  gabdgepe,  x4g(x0n),
Gedemgal  soagformo ogm Qo=2.5 333, 3BoBbgmemdsdy. msBYGabgmo Baboo
stab0Bgemos GRS2000 336s3ghabagos [63], o sBobgm-Fohormmysboo
~ dmmgdmaob-dongbghol (BB) Jshsdphatages [64)
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26 36Bmpaeepdame dshigobymo gbsfompdado s gilgmobonGo Ggsigegbol
Bgbfogrzs HERMES-5l3iadfig3o

afbarrabogéo  3Gopgbpel  dedster  obgtigho,  3oBbagmGRBon B
FeopdBo,  mogogBolighymans  aobbmgumedge  debgebpmo  gebafomgbybol
%mg,amo%ams [65-72]. g% febdxmobdo  Fothdmamagbl 64 gmmbols
odobobasogdgee  gbjgopdel - gmédgedimGpel s byeddatame
Fabpoadel 3obBmaseeal. BBy Sshrbmme gs6sFompdpe (GPD -
Generalized Parton Distributions)  6gjmm680  ggshggols s aemebdal
36oforegdRb safofl. Ryggempdioge xgmbgmo gabipaolisgsh ae6bbzagyoc,
bodmgdog 3bmmee 960 (gmaty BomGbol x) shash redmgorgdgme, GPD
B7bEoPBo  dshebRol ¢ aebogo  Bmdhemdsy b gsorgamolfobydrmo.
sboboB6ag0s, Gmd 33 GoABimoblal gutamPBe  Fgbsdmpgmos  JaGEmERb
oédodaprgéo  8mdgfgob  Gamomeb  asmpymolfobds  Brymmbol  bla6Bo.
Ypmbym as6sformgdgddo, Gmdmpday w@due MhurGygime 3dBzeb abyrmgbogd
3opgbpdt  sofael, oGlogmato  dmdgbel  dompds  dhabgodgmor  séob
Fypdempdgso.

Bgmobol  bgG9ddatol  Lémmo  spfgobingel  GPD  gmiédsmatbol
Poopmpdo, sgpompdymes yngme gge 4 gabdgoom  rsbslosonggh. b
Babdgogles .

Hx &9, E‘xéY), HxEY, ExEY
) @17

bopag  X-damdggbol  (3amaees, £ (ameme  sbabongdl  g3sfgol  gsbogo
0d3gemliols (sgemompdsl BymebBo (aad6y3sdey mo 386pdeb Bgdrgp), oo -
o3momo  Lafgol s Ladmpnme 63mmbl  (dofagl)  Bméob amegiame 4-
oB3membols ggoetraol Bodgbmmmdss. gb. rgbipege dmagsgh Bagmmbol g3sh e
gotd-godobgls @ Jgohgmo sbsforngdel gzbipegdl. dgomse:
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£=0, 120, H(x,00)=q(x)
(2.18)
§36g0bal  éBagrnto dedfhol dompds o go@dmoblel  gdampdo,
Tgbademgdgmos Ro-b xadms Falol Lagymdzamtby [68]:

L :
limy 5 [ dsa [HY(5,6,0) + B9 (3,6,0)] = 7

t—0

(219)

abbogemopdgmo  dabgobyme  gebsformglol  gpbigopdo  gfklgtodbdamee
3obmdgs  Fgbadmpdaemos  bommem  gftymgbogt  Ggejue@de. b dGegglgle
smoffghgds  Ligpnsmrgtio  masadedgdonm. 93 osahedpPl handbag —  asatedgdl
APl o6o Bsopke, ghoo gogmbobs s ghoe  dgbebab  psdsePdol
osahadgdo BagBados Udeoty 2.6.

by@smo 2.6. gobggsmgto gogebol g bugmmbol ghm0ghmddsedsde gm@mbabs
(Bs63bbog) s dgbmbalb (Bs6rxgbag) gfbgmgbogho @sdsmgdol ens3G3980. o'p
SYp @ ¥'p>Mp)

26.1 pédvy séuethgme JoBdgmBol 3306538

adbgrrnbogh  dmpgbpdBo  gapmedy  omme  Ggpdges,  ogedegme
gomlsbhoboon, ool phdie sGxetgpme JoBihobol augs (DVCS -~ Deeply
Virtual Compton Scattering). s3 36ogghBo mogo  gohggemmdel (Q>1 233
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3j6y BBl bagmmbol  BpBumagfpm  gzegby  3odbgzebeb  Gakdmogdbps
egorato godebo, Bome ogen Bggmebe gagmgme GRPs. gb dGegglo oda
sthol oz1s6aB630, Gd ago ngmashare aofiphods 3sEBaEREPTe Jshrbemo
absforzgdglom,  BsBob Aol BpbebReb  BpBobgzsBe  spommpdpmmos
rodopyooo gobedpborzmganfo ggbuopel FBepbs. 03 obgdadagnh shgBa,
éodgmo  HERMES  fbdghodi6i@obogol sl madsbsbosmpbgmo  Ggsmmahob
gopebol  gmadbhn-gduePide dofonyer Gamome  Bgedgh  dgde-deodrmghol
(BH) épduost. BH godcilbogds sofighgs dpobtn® gmpddemobodogsdo s
dolo mgolbgdpo gfase ol Bmdomo. Gapgsbsy DVCS s BH 36opgbph
ogghdghn  Wfgplo s Udomon  deaedshgmds  geskbos  (gfseo  2.7),
gpdmpdammes Bsmo  @omgRgy  gdmgngs.  3gmBgh  JbGag,  dasbhpto
obahp0tgbaos 0 3epgbpdl Beatheb  Fpladmpderendal odmgge  gedmogmb @
3908030k DVCS  36m(3gbobs

AR

bghoma 27 péae shumeggee  grddmbol  aadbipels e dgg-dsadhemgal
3bmgglol s3Lsbggmo osyHedpdo (Bsggabs mfo osptsds). 3oMgge 36m3gbBo
BgemmBo smoffghs 3sEBmaaempdgme Jsbrbgme gebsfosagdgo, boywe dgney
Bydbgg3e80 Gygmmbol gmAd-gsjdmagden.

Bmotymes.  obggbmefoegme  Fagho  Bbidegdpmes  gelooyed
(Mengaofregh) bgorsbbgs sbodgdamo sbodpGogols a3bodgel Fpegase

gogmbol  grnddhemsdsegdol medegdal roga@gfgesate g3gme Bmauyd
308erbsbegendoon [72]:
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d' :ry"’ T + 7 2
1311 DVOs
dodtdQ>dy ~ 32 (2m' Q! (1 +4202:1Q7"

(220)

08 3sdmbobymgdsBo Tan s Toves Ggladsdolo 3Gmpgbgdel  s33mogaegdas,
Gedaa  3Goglal  @sdsbsbosngigr  gobRaogat Gamemptt X, v O 4 ¢
Fabdoob Fohdmamarfe. m- LsdoBbob (Eymmbob o6 dodmgob) dskos.

Goasfoy (220) godnbobympbomsb dogbamme bgban@rfiprgme  Fae
rodmgordgmas ggfhfiobol s LadeBbob dometbagasty ws safgmyy Bogago
3bddy (om0ddGmbame s dmBagfiobymo Bagxepdo) mgmGegmae GaBEgle
oy Ged  qgebebol  gmgdbe-msdimgol  GgejgesBo  Bbadeodgeos  DVCS
3bopgbol  883modamel  bsdregamo s FakBmlobzomn  Gsformpdel  Bgbfageme
Bagorob-blaBol(Azp), sBaBEob-Llobol(dys), s  Bogomob-dgbhobldc), dodsha
asbodom sbodnBama® (f-ggobol) sbodgdhopBo. dagume dbgfbe Bogaeob,
booge Bgecy Bs3oBBol dmematrobagosl smbodbagl. (L-asbfatog demmskabagost,
U-sthsdpnstrobobyem  Bramdstigmdab).  gdblphodgblamon  sbadgdfas  Bodmods
a%0bmdol ofo Lsboo, Gmamé sBodghmase sbodybos:

p o L N8 = No(9)
= PP [4+(8) + N-(9) @21

bsg N'(9) s N(P Bpbsdsdobag Bogsrmob reagoco s gacignggoano
Jogmsthobaggonts Bporbaggsdo gsbedomo Fobgpms Gagbgos, bome Py Egeol
Jomobobsgonk  FoBgbgmedss.  Ffobyggems  Gagbge  Geédotipamo oy
Boongboroeodsy ga. ab gagmol 3GmdnGaogmos. dnéy dpmoon gedmangemgbos
160 Fogdgme Gad.xgnls-lﬁoGols sbodgdtool dmdgbgo:

snn¢ _ sin ¢'
- N E ( PB);
2.22)
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3860865303, Gmd sBodnomghio dndghob asbedys Bgbadgmadamos 6agoreob
Jogoathabaaol Bbomene ghor 3Babgemerdety.

adu3gthodgbo HERMES, s33:3xe gmamgionns, éedgmagy Lodgompds odgmgge
todog) smB0BEgemo sbodgdtos goobmBob.  ofyxmo gsbmdgs aggBatidamo oyn
bogormob-blofol  sbodghGaskonss  dempobol  badabbgby (73, 74], Bydearddo
Fuorgemom@o JoGgaemee aeabeds sledgdtogde dadogmmo bedabbggdomsb, yhdoe
godgf0d0s6, Bymborsb s ghodmbomsb [75, 76]. 83 3obergpdo gl yeomboso
Ggodaopdol 3s8myngs brpoes X-labgol dsbol (M) asbmdgom. gibgemgbogéo
Fobzggplalsogol  My=Ma  gJb3phedgpmo @ denegmodgdgmo Bpmbypol
Fbfogemsd Bgghs, Ged gfbgrmgbato Gpsfogle gsgue gsdmagngs, oy M, <
17 353 3 Miob a08mmgmsdo 30dmgbpdmmos 36mgmbob dsbs. bghooty 2.8
(Bsgbghs  63Fommn)  Babgpbpas  6agamab-blobol  sbodgdtonl  eBmgorndrmds
sBoddemat  gaobyby. gb @edmgoregdarmgds, gsGaer smafphgds sing 3égeeon,
by 63 0bbaeAsBas GPD-ob  gmédsmabdeb  Gobsbfandgdysgmdslonss.
gbéowdo 23 Bmgggmos  Ubgmsbbys  Ledabbyby  Bompdymo  Fgegagde.
Lolgadsdat  FiremBol  gedmargmolish  gomgsrmabfobgdamo  ager  gJudghndgbob
BlGdfdomato gmaddgde, gobobs s GyboBllgol Famomo. doGogpeb
BbaapeBn  godphgbdame e haymdphbdgme  Gmpgbgdel  gedogmgs b
Brgdows. otagmse DVCS 3émpglo 3abogpdby asbbomames 36mdga (77,
78, 79] s domgdamo Tmagpde 0sbbzgehsBes gudghedsblnm 35bmdzpdmab.
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bytomo 2.8 dségbbag 6sBamdas 6gmBol  Lado¥6by aobmdagmo 6sgsool  Liobalb
sboddormg@o  sbodgdtios, Beme  Bségbo  Bogueob  Fmbol  sbedgdées
asbmdomo Fyormdsol (3Gm@ebo) badatyby.

0%0@9 23 Ubgemelbgs badaBByby gobedomma A,

TN ) S ” AT
(303%)

H 25 0.12 018 -
0.18£0.031+0.03

D 25 010| 020 . .
0.15£0.03+0.03

Ne 22 009| 013 -
0.2240.03+0.03

e 21 008| 009 -
0.17+£0.07+0.03
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2.6.2 3338mGgmoe 3gbebpal gibgmagtonee madsems

30Jrgeze dbobpol £ s @ orpbBogagogiges gPbIEadEEB0 breghores
ds0 2s8mab IGenegdddol obgshasbnmo dsbol srmeaghon. GgmbEGahgdamo
p s $3gbobol Blgdo yoky MbbggedsBo agm Esfomagms dmbaggdpol xamob
3603369mdponsh [80]. Goegeboy niilgeadhhBo o6 Bropdoes LadoBBol 3a3657mo
bsfoszagol G3a0bbGag0s, Byhhygeme FBobygaporesd gfbgrgbog@e Gysdaagbob
asdognge  bepdors e fomgbgme  smp¥Bpdol  ghghgeet  Bodygemedol
Bgbododolore. sma¥bpol 6xtg0s AE  pobbobghgmo ayn gty AE=(My'-
M?)/2M. 33 a8mbsbympdsBo Mx ool 6sgmpmo ks, Godgmog asdmoogmds
6god30s80  Bmbsfomy ©eBmol  Ihmmadddel  LoBgamgdon, bomer  M-lodeby
6sformagol sbas. gaddedmo Sgbmbgal ndbgmmbogee Gadsege asdmagmaees
AE<04 333 6adgBgmenoboogob. gb 3odbgmemds  aobbabmgtmmo ayn dmby-
Jéme godmogrgdol  bogggdzgrmesy.  HERMES  gfldphodghgel  gibgmrgbog
GgpdioPBe  Ggaobpbahgdnmo  gpddmémme  dpbebpol  émmo  sbmobo
dmygsbogmos 6236mddo [81].

P e ¢ 3brbpeb gfbymgbonho 3obmdzgdel Fpegagdel Fburstpdrom
GPD  gmédsmobdol  eéampdBo  Bogotgdam  asdmogmgdenss  smyamodgmmos,
23%e330006 3o8cgml aobfaGoge gggmab aBggmeds (OL).  gJudphodhgdo
236030 gggools 360Bgbgmemds aedmgmaamo age, Gty W-ob gabiges, Q°
G3momol o cbhhgmdo. W aggmpers 4-6 333 obbyhgemdo, bome Q°
¥Bodbgmmds 0.7 39376 5 a332-deg apzmpdeRs.

Ugheoby 2.9 (BsepbEs dbskgh) 6sBgfglas pdgbmBob  gdbyemgboGo
eadsggds, GPD dpegmob boggogamy Bgbérgeogdore gsdmogrpdonsh oo [83,
84]. Gom-gsrmggs BoRggbbo J3shgOme re @to egbel gapgmob Famorze o
3e3bBo. sdsgy bmheoby Byospoboogol dnggebomas sliggy gfbdghoedaey E665-
ob  Byegapdo [82] Fekdemeagbomma  dmboggdpe  Bmgmomgdyf, Ged  dofacieo
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36eggbo P-8ybebglal glsmaboné madsgedo (smbadbgm Jobplapogn® sgBa)
SOOI, byt gopgms BoBgbgmmgsbo brgs Ibomme Q=4
as® = W10 a3 ohgdo. gdldgéedibdgme  FpegaPels e agGegmo
podmogmgdol  osbbyaeés  Loglimg  gages,  abbsggebgom, oy
2930033e20bF0bR0, Ged Mmoo @sogmade Fgmshom Jagets QF sl
Bgbérgrmgdemo.  ¢-3pbmbobangol Bompdamo Bpepagde, Bshggbgdos adszy Lyheoy
29 (BHxgghs dbség). Lnhsmby Bomggsbomo ogméomme 3hmee, dbonme mto
aergmbol 3oggenol bogdygembys domgdyme. gJblphedsihgme Bymgapdeb yohao
smfgts 93 drgmom odol BBggbpdgmos, Gmd pubygte  ggehygdol  Famomo
36e@bB0 (smBodbem JobgBsdoga® s6hgBa) dormask daahins.

HERMES PRELIMINARY
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T 60! Q'=2.3GeV [ |Q"=38GeV i . . . .
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i - # Hermes |
53 i © t Etos
4 ' I
3t 10!
0 oz 10 ,oz WIGCVI
W (Gevt

bydomo 214 sl sl Bobggbpos goiggeghe grdebel dogh p-
dgbobol  dogdal  gggmob  geboge  gmddeBggol  W-By  medmyorpbysegde-
@s3gGobgmo démmo domgbymos J3gImo 3v3meb Ligadsa®) Ragyargdgema
godorngndo, bome Gabomgon asdnlebyee dhgre obo gergbel 3°03ez0b
3ol aBoBoogh. Fuaato Bsbo 83 oo Bégral xedb otiBemoruagbl. dsxgofo
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dbatrgl 69R3069308 P-8bmbal adsrendols a%60g0  g3gmall  4mB3mbgbde. mgmtonmo
o FobodsdPs m@o-arrambad asigmon dbegglh.

aft3ghodpdde  Fglfagmomo  ogn abggy docbgée  Gygompbob  adggde
adbaszaBoa® G3dpopBo Fysmmdueobs s mgodhogol Ledabydby. gb Fpegane
g 360k sfghoma 6s3GmdBa [85),

2.7 3xpémbgmo gobogob bojombyiab Bgbfagms HERMES-ol be3gsmgdon

adb3g6odph® HERMES-ob Lsdgsboghenr 3tmgedol 3603g6gmmgsbo  Bsfagmo
omdmdommn o3k apAmbygmo  gobagol bagembgiab Bgbfegmsb. 53 Logombgdl
39694003600, Bspomocsg, mABMe shupAgse IGmEgbRBo audbyamo  j3akypab
ghoa86Gegool  Bglfsgms JspAebPR3o [86] s sbamo  Japémbrmo
Foamdatigmdgdol wag306390s 339Bo-Gemaho gempsdsedel 3Gmglgddo. ggebo-
Hergfo gogopsdiegdel 3GelyaRBe aspsgigmo cob-0ddgmbol  ggseMsob
360336gmmds  J306hgs (Q2 a 0) s Gopotg Gabo, 3s86ggmoe  gemgdGmbols
G9a0bHGsE0s 36 brgds.

Ubgomablbgs asbho bsdoBbob (Fyomdso, mgodahogde, sbogo, hodgmba)
3s3m0ggfdsd  gfliphodbBe  LsBgemgds  Bmaaps  FWfsgmome  gmegormage
Bahongmo ool aograghs ggohgdob gsadgfdeges © L =%, K, p s p
IxehobRBo  [87) daboggma  aséiol  germgbs,  Fgobfsgrpdos  Lbgarle
3960580476 ammepdly  @sdmgopdgmBon.  doGaggmo  gshglob  Bsgaoce
W6l p? 306sFommdol (gmommgdsdo, 3s6lsggmérgoo gbogo oBdgmbol ggeGagol
o oBbgmed by ombobadbages, Grd LigddGob  slgmo  Ggemommpds
(g6ebobob gendto [88]) sy woggotizpdgmo ogn dommb-Sohoger s dahon-
dotronge Phongh Regbyddo.

Emgobsngal  (mdomo  dagéobRo o6 Bado  gamgfhghe  g3hgobugel
Byeagtoss  (otorbio) 6 g3eGu-obBogMhggme  FgormpPabegs  (dgbrbpdo).
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Dby gobogsBo Bpdie o6 WOUPeRY  agrdopme  Bgbmaege,  Ged
Wreheobpdol  ggfn  Gogmo  Pugagfmedol  agfigf -  dspmomsn  byoo
J3s6abas  BpmaPerebf.  Jakgnte  JemBogobogeb  Lagpdiomy
6ofobabishBydyaampdos  bymgzshebo  Lolggdpe [89, 90  dgbdagmeupoe.
dspfed B sGLPeds  odphedfibgmae o6 shob  EamsbEgegme.  sbym
WolhBPBo  gobloggotden  Luobghgios  gafgn  Gorgbgmo  gabedghe
Bebyme dgamBaigmdpdol sdmBgbs. 33 Bramdsagmdpal J3sbisgho Gogbype
296Ub303e0s  Bgamadiage dshocbdol ms ybebplol J3b@mGo Gogbapobass.
g0 dsmhobdol  JbEato  GogbzRe  sggomae  ablERs, oy Ao
Fyedog3otgam dramdshgmdpdae Bsgogmon.

mgodogree sy aphobymoe deamshymdgdl damgds Lbgaslibys Fodob
doggrgdBo Bgodeogds. Bsommaoae Lyohdal s gofagtio  g3aty-lomogebyo
dorogeogdBo [91, 92, 93], 3pbdegatanme gabodato deamdshgmdgol dsbgdol
as3momgms Bgodmgds. ghoghon shgmo duamBshgmdss O'(uudds), 1530 3g3 dsbob
by 36Bog3shgmme  6xfamage, Gmdgmbsg  +1  mubemémds  (g3bmgnée
46587600 Gogbza bo(‘;mﬁolsomanb, Godgmas  ggheRs  gmagmogol
etgrmomos). 3 Logsby Fbmmme 15 dg3-00 @ ob @6 Esfomageme 0Bmgds pK
o6 nK' s6bob  LsBysmgden. sbgmo  Japémbhmo  dwgamdshgmdol  Fbsdadabo
adb3ghadgdame Lagbamo Gadenegbody gdghedgityBa 3sdmbbes [94, 95, 96, 97,
98, 99], omjdge 8 Bgegadeb bsdelgogate TbEIBIImInGs RIH-XgHMN
363b3 gBsrabios.

aJb3g603068 HERMES-80 6 dpmdshgmds Bgbfsgmamo agm ggsbodaseryéoe
godmmodsgpiol  GpsjuesBe  mgedhobol  Ladodbgby  [100]  af3ghedsbiaeo
Uootolgogs, Godymoy " adeggbdgmo  ogn o3 Exfommsgol  Bgbagmede
Fggbodedpeoms 250  pb!  obppaturmad  Bsopagedal. 9Jb3x0dg68 3o
Fplfagmmogmo ogn € > pK° égajgos. badomon  degndshymdsde shlgdgeo
Wsdogy 6sfommsgeb (p, 7°, 77) omob®ogogsgos brgdoms Ayhigbymgeb mbddrhob
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(RICH) 1a3g3mpdoo. bpohamatio K smmagbomo agm @@ ool @admol
(K° 2 7T). obzstrobhamnme dlob Wgddedo 1528 Bg3-By monggodgdongs
Jogn, Gcdmab  dodoboggho  Lsmdpmds  4-6  Lgbrotdmm  aomabéob
Bpreagbes  odob  obyegom, o gubel Gmamo deggme ogn  domgdpme
a,,ammagggbohamanb.

s3g08x@  o@bgdgmo Bmbagglglo o6 odmggs Igbitheggetiggme  dregmdstymbol
stlgdedol  gombobs  mamaliggégdsb 101, 102, 103, 104, 105) (ormbobs
3sbgbobaogel sggempdymes oo Lisdobbogol 3jmby gbiphadgiypdel Radatipds.
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0330 3. mogo Jugherbigmo gemsamgte s gfkdphody@be CMS.

1,-33361“)33&6001» RV da"“'d'awo JmaB3ab adu3gtedgdygme s 3063080L
'aglsodqab@nbabo.

oty BgbagsrBo oy sgboBogmmo, b sbratidmn dmmgmob b
3efas @0 93fymz) abgoo dmgemabpol sl s Bpagms, Gedemgdag -3
doggrmol ol gomepds s ok gaggsimeRol Fodmorgaghl, dsroommo
Boaopol  gobogel  Bgbrmegsbabo  sdmgbes.  Ldbrablmme  denegrol
aaddéo-bgbde  ghmopofipeptel  lgjemel  amgBerg-genbiyhy-bamsdel
doregboy 9Feregdoh, Goasboy Wfméige Bsmo Bémdpo (106, 07, 08] msgee
baggdgmae  graddte-digfodyto s glgo ghmoghogByegdol  aughmasbpsb
gmodg6o gl ogmfool baggdggmby. Usbrshgamo domegmol §a6ady degate
aJb3ghodgbdamo  Bm3sbdel asafyzatedo gho-ghma Bmagstho Gomo  ghagpds
o Seéobym gnrosorghl [109], Gedymay sdgsdse admbhsgpol bFagasdos
Bofomsgns  gobogol  gamigm  medothogméasds  (CERN, 3zg0qs600). o3
23s6Jshdemab gJudrasthopes 3smgsmmabiebgdymoas 2007 fmoesb.

goge  dopéebyme  jomsoghe  (LHC)  dlogruomb  gagmody  mogo
AoBJstdgrmo offRe g sbgmae redbds bgm dgody 15 Femob 3sbdagny (o
a0dbetrgmo 6afformaggdal sBjsglel bépmase sbamo, bogmgoboe gpbode
oo o 0f6s sadeobgBornn). LHC—ob 3s6sdgdégde sblbpdgmo dgfbogaéo o
Barmeogho Bgledmpmendon sGob aeblabpgéyme. SBshihgdaro Sebhagrpds
0d a3065380 bowsgy oty CERN-ob mamo gemgddéob-3ebagémbyme gmgmsaggéo
(LEP) oy aobosggdgmo.  agofodol logédgs 266589 3, dabo gods 6o
Jhobsoto Gogoqlol Ggomobs @ Bm Bnbel sHLPgme Fhgege 3mbsgggmpdoo
asboloboghnds.  mgoomggmo  Gaomob  Ledégeeb  Gomgogbos 280395 3.
BoBtrdmBo  gedoggbds Basd-  Boérgmme oo, Grdmglay  cbggre
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Jymogdol Hd3ghetghoty 358mdg6 (AK) s 833 Folms dsgbodgéo gmb
§2618J36036. b 0 Jstadghtio — Ghogmo dmdéacdol Gagaglo @ dspBaggho
gomo  3obLsboghegh  Bsfladsmgt  bighigash, Gmdgmop  IGoEEBRel 6ol
Fgodeogds IJobregh 3B shBgmmBo. LHC-mgab gl g6géans 7 hgz—ob deogos.

Jomsaeg@Bo 3GmBmbRob mo Bapmo affPs WBGgdmmoe  bafobsomdegam
Bodborgmghon. o0 Bgbae,  Grdmplon  Lafobswgdegan  dedscomemgol
dsgboygto  goreo  Boomgds  LsfobosmBrgam  Bogompboliomgeb, ghor  ghompghgm
Ggbghzgeedos  Bomsgbpdgmoe.  3GmGeb-3emgmbagm  BagsepRa  sdsRjepdmab
35643702, B3gaesngher gedmyngere GobdomdBe,  aueaggoml ghedByob. gl
ghooghogegdol Fatdompe sBbjshgdmob Ghgog 8mbagggebye gebrasggdame.
Bogoregol 33eagagmol ggoby dymosh dpatge, (resbrmmpbon 285 dyGuw), sdodm3
3erdeb-3bopmbyme  ghooghBgegdol Bghges LHC-By 14 $gg-ob  Gopzo
0d6ds.

oo dspGebgmo  gomsomghe  CERN-ob  sRjséhdmgdob  gmddemgdlob
6sfomas.  3mpmbydab Ffsogps 33 gnddemnfob  Vgomabligs  s0shjaehgbende
3&o3mdhoger Bodrobstigmil. o Jaeéobyre gmmsorg@Be 400 353 gbgtgagdol
3oopebgdol  obggdaos  bdgh-3bogmbamo  LobjhrgGobonss  (SPS)  brgs.
gomooeely BpGdgma Bagegbol gamogggmol Fohderpde (1, 12, 15, 18)
oobo rogo 5Jiigeedgido aobmoamgds. gb gfudghodigges ATLAS (i1), CMS
(15), ALICE (I12) s LHC-B (I8). CERN-0b s3sRsérpeagdals gmddgmgfliol s gore
bbby gomoorghly  asbmagdame  gJuighedgiisgiel  Ljpds  Bnggdames
Ighendy 3.1
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— prOONS
— ——— anbprotons
———— OIS

neutnnos 1o Gran Sasno

bogdson 31 Bsfogasgms . gathmdpmo  msdmtagenrool  (CERN) BB Jsrgdgmons
drBdgflol  bigds.  ombeBbgmmas eobo  gfligdodifide, Grdmpap  Iebb-
Jbogobgm s 3dody acmbpRal HmoghngdaedRt Bgpbfsgmot roe dedebam

dmsmsogghiby.



31 gjb3gcedgbgo CMS.

oIRGBy Jomsagghby dndeb-dengmbgme ghmaGe-flxedgeb
Fbfogms  3engumobjobpdymns @6 mop  gfbdgeedgE@Be  (ATLAS[110] wo
CMS[111]). BpdeamdBo  Beggebormo  Byegagde  gfdpeedfs CMS-mgol  aym
dodemo > Sdahed 83 gfL3ghodiy modemater Bgghghregdon.

CMS (Compact Muon Spectrometer) — $M33338 76 Bombge L33)GHmdgdab
§a6r8mareagBl. sbareastiol bjgds Ampgdgmos LgGoongdby 3.2 @ 3.3. ymddsdgto
58 obeaathol BodsthondsBo aBfBotpdol gabmoggPel amEolbdndl s st 53
obogastiol Bemdpdl. gJblphodpel s3bomRl mopo LaghmsBmGobe  badyagheo
03653863ens,  GodgmBog  ogemomb 31 Jagebol 1500 dggo  dgegeo
dboforodb.  CMS-3JbdghodfBo  gemgamalfobdamos  Ibmgob-3Gmpmbmo
Pooghofdgegdpdol  Bgbfsgems  IGmEmbpdal  gemopGofipegiol  dsfedsgrghe
Goorporemdol el [112). CMS-ol dofomse Lobgddl Fadtmomagbl  Bsmomo
3304 a6mdab by dombyée Labpgds [113], pobdéemrgde GGggame Lobhyds
(114], gmoddGo-dsgbognée  [115] s Jmpéobymo  [1I6]  gsme@odgtiodo.
236aJdGRe mongdeb ey beggm ggobgb (4T) getegob.

CMS  sbmgstrol  (gpbdtomgé  Bsformb,  Goddmomagl  Bgaoddstrmo
BsgoggGo bemgbeogo [117], Grdmab loatidgs 13 9, boume Bores wosdyo 5.9
3. lexmgboogo  gbéhmbagmyedl 4 Bolms  gGopzsGegibe  dsaoggta  ggmmob
Bocgdsb. gdbighodfiol (pbdGemgGe Bombgho Lobggds asbmadgms Bobodol
2063P0 s Bgoags 15 3 Labjol Ggobol 653GRL Bekrob eyl
SO RadodOGRobas, Gmdmpleg  eGgeggm  gdxtgdl  Fakdmaragbos.
Spfodol 26Tpn  abmoggdymes 4 Slgmo Lalggd. (bpteoby  dsgbaggho
lobgglol eodgidetpe mos Bxgfolghue shab spbodgmo, Gobob Ba3hgdo
fooumo).  smobomgatal  3g6dgdgmmdel  gbégbggmbyngir,  RyHIIEMGo
bd o, (omabrégm Bforal mbagy bGasb auhb gua6el  orgbdyhe
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PNV End-Cup ‘wolpgds. 3 bobgdob Sorbgbo 6ofomog  mobo
1adhypbat  Fpads,  GedmpBog  gsoomghe-lybedgme  gedphpes
asbeospbamo.  dobpdal  asBmdzs  gfkdphedifiBo Bacbphe  Lolhgdeb  sres
GfdONmat  $63%30  beps, Gy W aebmiypPeb  dmor  Labglhgh
6By,

/ -~
\;‘:/:l N : )y AA ’ -‘;' "
Iy

t\

LI B

> A,

D NG K \ :
" ‘IL‘ B \\‘~~

bpsma 3.2 gbghodghgeme sB3ggetho CMS —ab Lsghonr baceo
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N O AN AN NN
Lgsma 3.3 @ibaegstiol hdpﬁo@gﬁo 239mbsbrgemgds Bagagol 3sbfating boddggydo

Robaddmegle - abdGumahe  BégyGe,  gmofdemdsbodgte s
Jthebmo gsmebadgdhodo dsabodol Bagbom shol gabrsggdmme.

2Ju3g%0dg680L Bogs BHEggpmo Lobgads (Inner tracker) 3saboghol (306HGBas
36imoagdyme e (omobreégmo dmggmmdol baghugh gshegl, Gedmab Loghdge
6 3, bogme mpedghte 26 3 Begggmo  e)dIJEeGPe  omagogdeb
R)doIEmeRl  GohBmagafl  [114]  Béggpme  Lobggds  gbégBygmyngl
Edgbmmo  GafommagPeb, HGidoGapdol  sumasl e dmo  Bdgmbob
aobodgsl.  bgGsodby 32 me 33 geuome  epdaddmepleb  lobyds
39oliggtom shols smbodbmo.

gl eodigbagnte  gmeGedghto [115],  asbmegpbgmns  Lomghogol
oo (bpGoony 32 o 33 agbodbgmas gy gafom). gooGadphhol
Jd3sjgemdsl  gbeIEmenal oo LodgGogel s Bmgmy  Gamesgegee

67



e

loghdol 3Joby POWO, shobibommpdols gsdmgrfnds. 3 gholigsmagdol Gogosgogemo
bg@dp 09 18, bome  Bommpéel  Gspeglo 22 LA gsmoéedyhede
333050600 gholibompol Baesdotal gebomdos 22X2.2 13%-ns, bogédy 23
1, éog 26 Gogosgam boa®dgh Fpearfl.  gdeneadoddore sbyzy Jrddsddgto
borzagogdel  mystame  mpbgidetio  gedmoghRs,  Gedmab  gedmaphndol
30950600680 aobogloon 360l 100 CMS-ab  grogdéomBsgbogigt
gsmetodghBo 80000-3y dxho POWO, yhobgamos aedmygdmmo. gegddbe-
Dpbogytn’ gommGodpso Vhys dggh mobogbRleg  sgdsgngompdl, gtdee
Goooogeese  Brafamos 12 paége  geobob  Bedsbor  FgemofogBe o
a663menas  RAmon  3afBgobnbahosbeodsl, Gedgmoy mope  Joptebymo
gommsoggtiol  Ihodmbame  Bsgseglol  ghmaghofigemdel Aol (25 Blyy)
axagdsgds-

Seebgmo gommbadyhéo [116], Godumob dodoose gabiaest Gahdmaeahl
Jopbobgemo  Fograglel  ggégoal  asbemdzs, sbgzy aebmogdymes  bemgbrogdo
aooddGo-dsgbodao  pmosedidteb  Bpdegs  (bpdeopty 32 @ 33
s60Bbgmas  gaommmae). dapéobym  gammGodghBBe jguhigdobs s aemgmbylol
Foampol  ofies, saBymzy obmdpds gatge Fompdymoe  Bogmgmo  Bfhgos
(missing energy), 6omdgmog rs393T0tgdgmaes  0d  BsfomsgRah,  Gmdmadob
6maghonfiyegdol a3hgdy aomash gJuptedgbigmoe weBuggshob dmpgremdogsb.
sbgmo 6sfomsggdos BgagGmbdo. mae duehrbym gmmsary@dy Lbgs sbgmo godob
6sfomsgo Bgodempds maodaemb, Bsgommomae Lgiphlodgdageme  Byadezobrgdo.
Bhrbgmo  gomatodghto blogghdols @ Lgobbormemtiob  godgaghgdabagsb
Byoagds. Llamghdol goheaggdol bobggs SO 3, brame Ugobhormagheiol — 4 3.

oJWigkodsfh CMS-ob  radaddrbgbel  Sstadphgpe  odggaio  shab
Yobgmo, Ged pp  pongboRgepPle medwepyme defpe @ b
Bxfomaggdo mome gmAIbTGMms @ J6a0 Lobglen geabrdnl.  dumbyalash
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3o6bb3op0t0m,  Wbgs  BsfomagBe  oBrdRs  Fbewmewe  benmgberreob  Bagboon
3603070 RoBaJdNERB. B PFyaogdly Esformsggdel hemoghrdeniob
gbor-goo  @sdsbsbosmpdyrmo  ogoligdes  Fogrmglol  Gohdmgds.  Fogma  shob
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obgstsbgamo logoggs:  E-pi=m’, lLomsg m —Bofformagob dsbos.  6sfogmagol
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U3ghlodgdhogmo  6sfomagBob  omdeBgbs  glyséigds  Regomfedol  Bgbabgel.
b3g6badgdonmo Bsfamsgpdol esdsmpol Tdobagapdo sbgn Eéeb bsbosmpgds
oo 3G mo  ghghaeom  (missing  energy), Gmdgmag  LSP-b dosgzo,
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amebg6  demsblsBa. g3éyamgebato dmabds dnpsdo Fbmmmm Bagmaghgdel
b333603  deaedsigmdBo - Bgedemgds  SALPBmdrgl,  Bxgamaon  bgodhrbyrme
396bg3msgal Bagboor. Jatiggemo Bémdgdo J3shyam-aegrbyd dmeddby Limdye
Sgodfmbmo 3ohbgmaggol Bydsatoge dgamdshgmdab sefighon oy BagsGbsbpde
[132, 133, 134, 135} (yosdofely g386gammgmbaho  dmabdob  dompds
Bbodmpdmos  Fbmmoe o PFgGaoRsdey  ohPegdymo  3dedy  ombydal
amoghnyepdyde [136) mémob dpahy Sebsgggmde yohamprbyhe bl
abgg dopérbam dsptesda goesmeb, Gog dob Bgbfagemal domnsh sboremgdb.

odb3pGodghmmo  Bmbaggigiol Loayadgomby  egobiegob  (Smdogzes,  Amd
dotorgmmo dsghool Ladzatog), gagems doGogolamgol ghon s agog) Lororey.
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sl oozl gokds bgghgme Bmggmeden Bpodmgds sofgbeb, Gedmob
Googhos Ra=Rg A'. 5] A dofingob Bolgbo Gagliges (Bggmebgdel Gooreghods
58m3Ba), bomer Ry 3shsdgdhols 3adgbymmdss 12 fin. Bgbodadoboe Bobagmmo
0ol Lod3630s asbemgbonn P=0.1 agy/fm® ( 1015 42/3%).

QQMSo'as.sam, “ed daoﬁd-awﬁ-aﬁn :{’o'bo;!‘sﬁ dotrongme 8.)63600'30
asresbgemab Sg30020 3mbes Ladgstiml gammmaaob Lofgol 83y, Gog ook
333M0mgdon s 23303000 agm asBmfagmmoe. slgmo gebmho 3sfresfdbs ‘rmoge
2590 Jpboresb’ asbrmemdonr 10 Ga-ol Brdegy Bmbres. j3sthyaemgrbyto Imsblel
gbsB0 goroligemols Soudnhigdo, shaosgme Ledgbogy (Bc) e ghagesgo
3839686 (Te)  phodsbgmbgs 330 goegdemo. Bofrong-dohogym
génoghanddnegdgddo, agmtogme 3mbsbhgigdal Bgbadsdolon, gebyho omobyms
Bgbadmgdgmo aJ6gds 150-200 3g3 $HB3ghedhol méob.

odgedse  shs  (PBrdoma,  sAbRmIL oy ofhs  3dody  dnogpdals
aGoaghofiyemede olgmo  gBlagmhggme  3Gmaglgde, Gmdmgba  (umbabue
3056036000606  Joetebgmo  Doghnosb  g3ségamgmbad a3 gormalbgensl.
Bl gl gehg-aergmbgtio  dmebBol Bgledme  gmadbobol  Bpbfsgeobiongel
Ubgoabbgs  3Gedpddn [136, 137] asbobogmpds  Llbgeesbbgs 2Jb39608g6 8 o
33B03300. 03 aobmBzglol - Gagbge bagdme morgas. Bsgemone® 653630 [137]
336Bogmymo 2°bmaggdels hm. sby gedmogahigds

1 gsbogo gbgganls gubsforogds;

2. modgbyamo Eeformagol dhagrmdanaadgdo;

3. oghonapegdamo 6xfoms el gsbogo 0dgelob ubaforagdgde;

4. gbsgho 6afommagndols 0019905,

5. ogiygho 6xfamaggdol o6xBahaatrlpbeies;
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RBroo @ Ao Askal 36y gddmergmo  Broamdshigerdab
Goh3cr36;

7. gd@obyho Fygompol gmbgobordo;

8. Joadofio godebpal yobdobodo;

9. &'ﬁﬂl’“ 3sbogo aBgembols by Fageagde.

bggoor  Rsdomgmogma  asbedggRe, (gbaeos, of 03fgogh  gageme  Bgbadme
FBonbagasl.  3mByGadamoe  gidgtedsbise, Bpedmgds aGgammo  asbedzobimgel
oyl 3s6Loggohion  gmadnte.  amleboBesges, Gmd b Los  BBob  aym
dpeagboo,  Gomgglog X96 96 oy esfggdomoe  gfblghedgbiode  dsmemm
Faaopdsdey Rjhgdam 8dedy dohmzpRdy. 1994 Gmoss CERN-3o sofygb
Bugool  (P05Pb)  dodogpdol  gfllphedgfidmme  dbmateds. 83 déegGedal
BbadsBoliore, BpbRym 20Pb datngBo ogorgm Eymebhy meories ghyeges
158 ag3, (byee 33 $og)s [ bogom Bsbeow (306%Mob bobPgdsBo mo Gryymmbol
Ahnaghnddgeadol 363630.{ Fguoagbes 17 gg3-b. 2000 Goeol, 7-bbgersbbzs
aJb3ghedsbBBe Bomodgmo  gegagdol  Lagypdjgmby [138-158]), CERN-3o
3s3magboggb Ged gL Bpegagle mome smmdsomdom  ggayarngrby®  drmebdde
aoolgmolonsd  Bgodemgds  ogol  sgezdedgdymo  slgoo bymbsggby@nsbo
Ha3deo )

1. géoeghofigee dohogpe asdngnag Fataest Gydgeab shydo. gb ghgfaes
Bgghosmodeps  gshgtlo © gl Gedmpbey  ghedibgomsd
demoghome hamaghorByegdah-

2. Usfyab, domash dygtoy dregrdshgrdsl sbsbosonRlb gpéanal Lodgahogy 3-4
p0/5® 0 gloamgitate Bogtasate, Grlymeg gubaegion 240
dggob gomos. 83 obedpdo bepds Rshdmboglol r@ebdmds, abégds
nbonGmdal  Gamomo s Gpdpeet g (‘goagdome’)  ofggdl
335GmmPBab.
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3 33%6h33mmgmBgto 3y ofggdl aagagadeb, bodgyhogy dotemds.

4. oo Figfiaool Lodgahgy 1 ayed® aobregds, ygebyamgrbgto demsbis
Jbigglodiregds Jugbeobddo, bgamsbbzs Bodob 6sfogma gl budegeen
B6emds goflohdame brps.

3. gghaool Ladgatageb Bpdeamdo magplo SO dgyegd® BoBygemerdodey.
boge $yiphabgtol 100200 3y3-dep,  dueéebpe  ome
Vho0ghoPyepp gH0dbins  ©s Gpdaeob shol bdemmen gk’
bregds.

33064396900 dresblab  Bglolfogmoe  démgdgoggfol  Bagorbamm
wdetspntiosdo  (BNL, s38) Gudoggbody Gl  §ob  Ofymd6da  Rompo
Gomoogolbdgho  3dedy doMoggdol  gomsogée RHIC(Relativistic Heavy lon
Collider). 33 jomsogérty méob  dodogpoel  (197Au)  emagGofdyegdol
3oz brgds. mhel Bahongpdel 6gsegBo, Ggammby dmbgmo hgeges 100
3330 Bporeagbl. s3gede gmmsoggtel 4-3s gdigtodhds (BRAMS, PHENIX,
PHOBOS, STAR) Jofiggmo @sdeegfody frmob 3mbspgdpol sbsmabal Bgexsds.
oobogy  gJbdghedhdol  Bgegagde dogmengdl  y3shy-amgrbyt  ramdstgrdsda
aslgmoty [159, 160, 161, 162), owgdgs obggy Geaeméy CERN-ab  3dody
ool demghodols Bdorbizgaado, (pormbubs BoboBgds 39 dmbasgdpPomsb o6 LRIGL.
A lggbedo selgbgmo Logmsgooh dodnbomgs Bmggdgmoes 6536mdpda [163,
164).

gor  Jpbebym  Jomsagyhty ghoo  Gagom PG Bxgemo  ggaegleb
doms ofbgds Bgbodmpdgme RHIC-ob ghgérgopbont pmatipoar. LHC-B) mébeol
33hggmmo 6sFommo (Q‘)obc:'mab(;m 10%) reogodeds 3ddy ombdab sBedel res
Qoo phoaghogByegdgdod  Bgbfogmeb.  grmmsoghy  gsogobobpdgrres
Ubgomobbgs  ombgdab,  dspamamse  gobadareab(0),  gamgoglebs  (40Ca).
boedogdob(O'Nb) s Bigoob  (20Pb)  dodorgpdol  Shfsds.  Pgebobse
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BonbsBo, Bygool dodergols gfniane ofigds 82x7=574 gy, (Bdaase Andgogn
pota SuRolly EAS2S 8).  dosogdetaggme  géengbeyeges
3689860 LHC-%y dospdymos gbGomdo 32. g datudidos: Gompbords
(30B3Fymds  BotiBafigbymos  P-Pb  géompborByegioloogal 1027432 Gart),
oW om0 mdgbbame  Goformagpol  dhsgmmemdomds  Ay-obghgamde.
rodgbdamme  Bsformagpdal  Adugmenionmigiobmgel Lbgoealbgs  dmpgemols
grgaszobfolipdo Boggabomos oo BoBgfgamds — dgomall) o wsdsmal2).
LHC%)  gps0gargobiphio dmsblob  Fbfogms Bomammo  gffhgopdobngob
rodstolosmpdge  36m0bgdde  ad6pds Ygbsdmadgema.  sbgn  3Gegglgdh  CMS-
aJudgfodhoboogals Boggambyde: o) doghembgmae Fogmgdol resdoggds, 3) Adody
333640t (3ebboggmbigdon  b-ggathyal)  oduegdol  Bybfagms  poresBrmgdob
BsBoeagdoc, 3) H-gmbBobogdols s Lgbe gamodyho dmbrbab Z maduggdob o
@aBregdol Fhfsjms, @) ZHdpbebymo Fogmo maduggdol 3bepgbol gbfages.

gbhomo 3.2 AA gfmoghodigegal dsbsbosmpdmade

208pp 97Nb 40Cq 160
L(A)/L(Pb) 1 90 2500 32000
Gaa(barn) 6.5 38 21 L15
dn*/dy (1) 8000 3000 900 300
dn*/dy (2) 3000 1250 300 155




331 dehebymo Fsgmpdeb as8mgmgs Pb-Pb g Begdgdde

6

Jophmbgime Jogegbab adogds dody dothongal horogPgmgdedo s3y-
agebahie esbob Fglfageol phon-ghon dodomsge eggbo afigs LHC-%
domarmo 369630930 Fogmdol Fot48mJ96s Jsrhebyem (ae0gmb-aeembyd, ammeb-
26302 = 33G-gzetaa) Peon)toPuedREe bolh Hegglb §akdmeagh
Ll dobo  ogmogmo FLFsgme Fgbsdemndgmas QCD-al gsaemnddo. Joptmbygme
Fogemob  303mdFagz0  ségebo, gty ghooghopegiel  hgb  agegb,
2mghofyeRt Jmbobym dhghestnd [165, 166) gb dsyghos Fgdmmds
335643296760 drmablol SeamBatigmdsBo gomegomgl, Go asfyayam asgmgBol
3msbgghs JoeAmbyamo Fogmol Rsdmyamoddsty. gb gogdde B3akem Bmablgbagds,
Gogets F33mndel ‘3agbRobao’ g3sty-amamba® dmebdsBo.  Fghadsdoboe CMS-ob
3dody dodogRol Ihmahsdabogel daeGmbgmo Fogmpdol gsdmgmes daBgbgenemysbo
0Ju3g60996 e s3m(zsbas. |

g6 83e3e6s BgbFsgmoma agm Pb-Pb pbdtoemyto ghmaghoddy-egdabogel,
dsJbodsmmatn  dhsgmmdonedgdol ohedgdda [111, 167]. gamo gsboge gbphaeal
Jeémbgemo Fogmpdoel madsegdol gagms Bggslgdgeme agm P-p YhowghonfByeydel
3300k boggdggenby, Gmdgmog  3rbygshme  goewgoor  ayer  gadmmgerogo,
3636 PYTHIA [168] LaBzgegmodeo. Saborge-datog e
nﬁmaémdaggabohomaoh 3390 obéeps goJHoton Aza, baps A-doGogols b
(Gagmobgho), bome Mwbolpéo o=l Gafoms ol esborgds oo Pyeod
CPBGsm®  shgBo  bfsgmomo  agm  b)-gateme Ihegéods  SHAKER-ab
bsBmormndoor. 88 3Gmpcedols - Lsgol 3360358 Hdb FoBmormaghl:  Baformayndal
Iagmemdoncds Ay obhgamBo, Bsforagol Bodgle o B Bl sGbydgemo
gogeeds, 0ddqgmbob  obogo s aobfatege  gbofermgdde.  PYTHIA-L
UsBemadonn dompbymo Bomamo Fghaeeb dophebgm Fogmpbol mediepds @
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SHAKER-Bo  36bognmma DpAmERol 3sgmedocn  padspids,  3sbobommPees
Gty ghmo Bpmbagss.

Jiehobgeme Jogmob smrepgfobaongab Lagose agn  gfbdghedgsd CMS-ab
epbadboOge  Lobgdpel,  gxedere g0 gumesadghGpol  deegrmoid.
go0idbo-dogbodaho  ms deérbyme  gmetodyhégol  gBgaeed
aooBggobgpstsbods  malngompdymos o6 hadpeety - pége Froepaw
byopbdat s 3gedey Foatpdy gmaddGedsabagye jmeGodgghobsngol gb
3srs3pthGpo oy 2% o 0.5%, bome Jupbobymo gsmebodgdhob IBobyyzdo
68% s 5%. Fogmopdol asBegmas Brepdees gebgliol semae@omBal bagmdgamby,
Geadgmagy @3odabosdgmme agm Pb-Pb gémagbogegobsngob.

Rahodgdamds 308my3ma3dds shgobs, Gmd dagrbgmo Jogemgdol ghghaoel
(E) s Badstrorgengdol (0,9) smmaghs gataoe b Bgladepdyemo, org ESSO
agab. 353658 b ouoBoBob, Gmd  E<I00 a5 3opmpde mome Gomo
B3gobres FPmbagaem sreagbomme Fogmndl. smmaghob 3GmEgbal gabsbsbompdrrae
3sBbsbogégmo oo Jogmpdol  GgmBbyGigect gmodateds &1, Gedymag
as60babgGRoes, Grané§ smmagfomo FJogmpdab Gagbzol Fymetregds bafyobo
Fogmmndols Gaggbgmsb. 3s6LsbmaGgmmo agm Slgzy dpmatio sl ymogeGegEe
€, Godgmoy dpEsbye smmaiomo Fogmnbol Gogbyob Giemdss Jaghebmo
Fogmgdol Lofgol Gogbynsb. 53 3shudydédol (1, €2) Fadgbgmmdpi gobago
Foaool  Lbgaesbbys  odgbgmmedoboorgol  demgasbagmos  bogmdo 33, sl
bbomBa Brggbormos  dapebgmn  Fogmob  dstadgdepol —  gghgeabs
dodshorgrodol  smeagbol Lobgbgpe. G GbhezorsE BREL,  Fogrrgdeb
somaghs domogmo maddghedon Bpdmgds 50 333 Bggom bomer 100 a5k
Bmomo  aobogo  gbafgoob gy Fogmopdoloongeb  gHadghymms  dpmator

smreggbomo Fageogbob Gogbzes:
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gbéomze 33 sebobyme Fsgmbal soeagbal 3333876ms @ babglggde
3],3360336& CMS-3,. aoammagabo 'aabt‘raqvab-aq»m Pb-Pb e oL )
.ag,moaﬁm;]aa-;ggbnhomgoh.

M €l €2 AE, Ay Ad

E: . (GeV)

(GeV)
0.85+0.02 0.574£0.02 3.8£10.2

50 . 0.011£0.042 | 0.001+0.038
0.97+0.02 . 0.027+£0.004 0.811.7 - 0005£0025

100 0.00410.032
0.99+0.02 0.00410.002 -

200 1.0£13.1 0.00410.023 | 0.003+0.021

332 gl Jhmnghpepel gmodyho dmbobel Z s Z+Jogmob  modsmPs
3dody ombglal ghaaghoPByeniyddo.

Gty smgedhgm, . g3sh-aeaebate  dmebdol  Bgbfagms  LHC-By
3qOLBIOBL Jo6BbRY Bl Lafigolio Bolho Iéeglol godgrgsl o o3
Ioagbby  ghoeghoigegdel shy8e  FatBmiomo  dsmeAmbymoe  deamdstymdel
393rgbab  3edmgamggel. smbadbgrr bold Ihogbb, Jhenghafigrgdel dsgamo
3300 s (ombsbs gfbighedgbdmmo 60Bsbo (bagban@s) Tbms aosRbregh. slgor
3mggboe, CMS-b  gdllghodgbgobomgol Jofggmse ogm Bgomagsgdmo  bbgo
hmogboByedol gmodyhe dobmbol Z-ob gadsggol Ibepgbgdol Fgbfages
[169, 170). 43 36mgghob BgbGogms Gedmggbody Ambobhgdol ol ol
baobBahgbm — Sodggma  ghooghoiiyegdel  g3gmilosk séob  esgsgBactipdgeo.
3oghol gggms oo Lobgbpan ghes 3sabmdnl Grgmhy aBmb-3nmbe
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oby dobmdobonggr  Phoogbofyepptle e o6 ghes ogmb  adm goegbymo
ghoaofigegol 6ol Fahdnomo duphebgmo duyrdsbmdol oyobypby.
goo-gho Sbgn 3Goall p-fgompol ymEgeboglel madoegds Fodmaeagl. o3
36opgbel bfagmsBo dohamage Uodorgmy e gogBagbgemes  gzgmeb  dgocy
360336gmmdsbonsk,  Gog  gugds  M-Fygompol  obgstnbyme  Bolabonsb  ghoo
M(u).  Gomasbog, Blgs 36mghpBo medoregbyemo Pt Fagompbol g orgos
(dorocraesm € s b JspbrebpPol @sBrmgdal 233m), e 0bgaGobmm dbply
M(up)>100 293, 38 3Gemgglol gbFogems Bgapdemgdomo begdo. gb  getigmgomn
Foogpdo o sbmagh Z debebob roodsppdob. 3 Ibeggbob Bgbfagemab  ddody
Bohorgol ghmoghoBxegdpdBe Gsdmmegbody glatapglmds geshbes, yyfdoe:

o 36opgbgdde Z 2, Vb Srgmstgmdgieb  ghmoghofiegiel
avasmgfs dpog.

o Lalgo gomaduho dmbombol wsdsegdol  gzgme  smBeBEmm  9bpfaagdly
Bomomas s Bpodmgds Bagabgdo afisk, Ged gebgeo 3Gmpgbpel Famamo
3603369emms.

o gmodyho debobol dsbs Mz sbmeb shob bgs baba dempgbgaboogol
sdsbsbosonpgem  gpGagtogam  bgmsbowh - dsgarmoos  Jsgmbgeme
3oamPol  GotdmBabonsh. ool gadm, Ged  Jhmpgbgpol  gobgdadogs
Fups30, dsoro Bgbfegms s Feadpds ompmee dgademnds.

o Lfgobo JhpebRol oddgmlo, Grdmpoy Z Fohdnf6sdo dmbsforzgrds.
Uagdore Bagpomes, Xixz ~ (Mz/Wan)® ~ 0.02, 6 LaBgomgdob edeggs g
3o X-ob 0d ohgBo ok Fbfegmammo, boesy Bymebln gghgpel
s oBhaggtgdol  oddgmbglol  gebsfommpdpde  ghgare 360l (3Bmdogmo
oJb3peodgomss. g gmadgha dobebo gyl 36§og3960b
aooghoRyeel dmnghlo odueyds.
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* CMS =abadbrtdy dunbghe Ledegon Signasignige gor gmaldten
R 33630 33BgolmBaasbedon Bgabfagemads.
derggebogzo Bebabigdpol Logrdgmny 653633 [169, 170] Bgomogsbybyemo
age: 5) Bspsmo gebogo oddgmlol dgmby dupéerbgmo Fogmpdobs Gogbzeb Z -
Pt eoBrpdol  Gogbyns  gefeedol o 3)  Ztdyeéebgmo  Fegeogob
Bylorbzpzpdol Gagbyol Z Bocbyho msBumgdel Gogbgmst oGreedel  dgbfagms,
Gogety  Lbgoalbzs  3dedy  ombgdol,  sbggy  3GouBmE-dbmGmbmmo
gémaghogdgegobingol. LHC-by 3 3pBobzgapol Lgpobiags bogdsbabo s
oyl odobsmgol, Gmd  Bglfogmomo  agmb  smbodbmmo  gaGredgdal
oo amds  8d0d)-ambal  3mglBe Fohdmdomo Juphmbgme  Lobiggdal
35289868y — Bogomomsr bGHaYh shgBe gedmymeomn asbag PBxaaesty.
olggy Gogmh dupbebym Fogmpoel BpBobggasdo, Z dmBebol adoggds
FgbGogmomo ogm BmbBg-gomm IbmaGadpel Ladgsmadom. IGmEeb-3hmebym
amoghoByegbsdo adsmpdol gggms Gpp Bgpsbgdmo agn dmaGods PYTHIA
5.7 boBpmpon.  bagmobdo  gpohPel  aebsformgdol  ggmbigoglobsmgel
aodoogfgdores  CTEQ2  [171].  gggowl  odgbpmeds  dahong-datrongyen
bmogenfipePple Gan sBnmgmomo ogn G BaBfgmmdogsh Ga= O X A
absggatierdol boggdagmby, oeg 0=l dsréebdol madogds, oliggy Granhg
fobs BPorbiggasBo, 6maheds SHAKER-0o oy Sogmadipymmo.  goodyho
deodeool Z o Z+daeebgmo Fogmab adsegbol Ihmuglgle Bgbfgomme ey
Jgdegae 36BgBedal gsorgimabFobdoon:
1. Z deBobobs o dopéobymo Fogmob Fomdmids bepioes (GGt
st (-25<Y<25 ).
2. Z-ob sBmgdBo Gotdmidomo H-ob gobogo 0Bgmmba dydo agm 20 agye-
%5 slbgmo dombgde CMS-30 momo bobybgoms s dgaze 33244960
oberdgds.
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3. dgebymo Fugmob” Phgtaes dxdo agm SO a9y Fogmapol gt
adeggs bz Do gabiog addgemlol ey Fogemgdobsongol aab
Fglsdemgdyeo.

4. Bombgte Gygormol xoBn6o asboge oddgmbo dgde age SO ag5-by gb
donbinghs  sguemegemes Boobigho Fygomagbal gmbghe BpBobzgzPabigss
3350330 bgmobsmgob.

sBoBbm  Jobdoogat agBa, Z+dapbeobgmo Fogmob Bpdobgggde mo
3hm(gbol Lednsmgdon doopps: q+g FZ+q s qrg P Z+q , Godgmon
Famomo Bgbadsdoboe 71% s 29% Byemagbb.  sbggy GoBgzbdo ogo [170), éed
38 36mgbgdBo Japbebymo Fogemgdel aagboll gBadbgGeds, Grgs oo gsboge
odgembo 50 353l ompBods, 95%-b  gebmoneps,  boge  Bpdaggom
saagborzoe Fogempdel Famomo o3 Bpmbyggedo 10%-By Gagepdos.

omBrho Fygomgdol gebmtio pabygael dofomagn Gyshms 3dady gashy-
bog3shgmme Fygomgdol (cc, bb, tt) ©sBmpPBo §ahdmidoma Bombgdo. asbog
Ba630sty 50 333 Ibrogregs, Bodgbymmabor 3B0hgdb 3 grbl, Gag badmmmm
st smBsggds 5%-b.

smbodbmo  Bgbogesidel  dgdgy.  Bpbadmpdgmoe  afigde  Ztdegémbyme
Pogmol  goduppdol  masbmoglon 2000 Fpdobyggel  gsdmgmgs  Pb-Pb
26o0ghfgegdel BpdobagzpBo. sdsgy dofmdgdBo smbaBbgm Phenghofipegiydde
asbgomgdon 108 Jaehobgmo Fogme ©s gesbmmpdoo

5x104  Zopp bl ©8ms o Ggaobdhohgdgmo. bbgs dofoggiol
PoophailgepsBo gghe dgemo  Gsoghierdgleb  doggdss Fghedmpdgea
sbodbpmo  Lodolihogsy a%bérs. dsgsmoms, Ca-Ca ghon-ghofiyepdodde.
odygy mbmol asbdymedsdo 100 xg6 3xbo Bpdobygieb Bgbfgms  ofgds

Ygbadgmgdagsma.
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sRbbodogos, 6md Bl Z e Ztlyghebgme Fogmpob wsdogdol
36ebpol Bgbfogens CMS-ob ddody ocmbipdals Jmaadol 2or-ghon ol
Begsbor  omgeogde. 93 IGegglpol  gggms
bogdstiolios  adobargol, Ged  apgbame  ggodyeb
(b Fogmol)  aephmgds  ogeb
dbfogmomo  Bggtog  doprbym  gacigiedo.
CMS-ab  06sd36rdmemdsBo  Rogofms o3
ool eybydetgiol hgma Bmegmonyds.
bgheoby 36  Boggdgmos o3 Gegglob
23aJdEBo 12343043580k 3Gsgagyeme

bgdeme 36  Z+gogmob ° 358mbabymada.
dobggzs CMS sbayséBa.

333 dusmo  obgshoskPamo  dsbab  dombudo  Fygompdol  (Bacibadob)
eadaegal Bgbfagms 3dndy doforgpols PhanghoJdgegdsdo.

3dady Bafrongalal PhmoghefigegdsBo dombyto Fygermglel FysGe Fgodemgds
Gadouegbody 3hmgbo agmb: 3dody g3emgglel Bgma Bramdshgmddal (Bsgsrmacsg
Jhy, Y) sBmpdo, mépm-osbol deegglo, Lgbde gmodgho dabebob (Z) o
dobmbgho Fygomgdab (W'W, WZ, ZZ) s3mgdo, 3dody ggs@rgpdel (L, b, )
bbgo modmpdo s sbygy ® m K dgbebpeb Lplge medmppo. mémm-osbal
Mompghldo s b gomodnto dmbobpalad Fokdmiomo  medombe o
a%6a(eost demoghio PhonghoByegel gogroghob, Bbgs 3hmpglgdle o drzagho
Jomaghofipepds Bodgbgmegb  Goml  0sdsBedb. Fobs  shagtegBa sy
sBoBogmo oy, God o obgetosiyyme Bbgdab by dorbyho Fygoragol
Bdobogdo Z derbmbob dombgho ©sBmpbobsogol dmgsto grbgho depgbes g
sBoged syomgdgmos dsmo Jgbagens.
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339633 gbg60 YnobBob 3l gaempdBe FodgBpmmgsh Gl cedsBedl
obga) 0By gyetyplabonsh Bymazbormn doméerbydol odogdol FgWogems [172)
dsgommoone IV, Wes Y By8ebpol Gotidmgs, a3 Bodgbgmmorgore o ogb
sbBgmo. Jugbierb-Jugberbye JhmogbaByeieBe madueyobont Ipesgton [173]
abBrdol  Fylfsgemolumgol  sypompdgmes  smoBegmo  Geggbgdel  olgn
6pdpopdest  Fgeadgds, Gedpmos  gggme  gefpae atob  (mdome,  Grgp
dohob-doebobgr oly 3dedy dohongdol ghmoghenipeaBa. sbgmo Ggodgogia
dsgamomos @os © @ b g3sbBgho Gogbagel By daeGebpal wedxepds (174,
175, 176). J¥, Yo Y  3gbobdabs ms os ¢ o b dybeabpol madsgps ghobes
s adsg) 3Gm3gbgdBo, dofomsgem arrgmb-aegeba® gemoxtePyeRPBe begs,
cc s bb 4300 gpolsgss Bomagbomrmn dybeblal BebBeds go 1450 d3dtg-amIObIGe
3emablols goBeagmobpol dgmool Godroeagl. 6536md3a [177] Bshggbo oy,
63 Bgbadmgdgmmos  b-ggeciygdal  Fygormgdol  adoegdoo dompdymme  godombyfo
Fgorgbols aedogogs o Bufsgems.

Rodocrbdol sdaegds 8dady athonzpdol JhomaghoPaegdgdde Bybfagmanze oyn
mbg-gstrumerl dgmongom.  Pb-Pb  ghoagbonfdpegdol  gbpfaos o Boongdarerds
dmggabomos (BGomBo 3.2. mégm-0sbabs, Lglgo gamodgho dobebob mo 1 b o
C g33gpdol Fygomgdol radaggdol émgbgdel g3gmpdo gsdmagemomze oger P-p
Temoghnfdgepalsogel 3hmahsds PYTHIA-W  Ls3momgdoo.  dotongyen
JéoogePgegdol Oan gggms odgy Mepglipolbuogel gadmangzeme oy A
gofdmbby asdtegmgbon, by A=208, bomem =095 ggmob dogyae
Fodgfgmedde esbomobybymo agn  sGbgdgr  gfbdphedigme  drbapidty
syrebedon. gJblghodfidgmae smBodigmo Mbopglgbe Bgbfsgmarzes Hmimb-
Bodmgobam  ghoogboRyed@de, bms ggdhob Leldgde 18 &y
Foaodby [178, 179, 180) o3 sbamobob Bjlkdsdobore gggmpdol FaBgbympmdal
Tobagly Bsdoo 2 asbobsdghigds.
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edgbdome  6sfomogPol (B s K) Besgmedomo  resdomgdabomgob
353yb¥amme oy dhsgrmmBdamal Bsfbodsmrnho BoBabgrmends 8000 Gufomms go/Ay
00fGa®  shlo. BefomagPol  odigmlghe aebsforpe mptgme ey
dgéodogss HIING [181,182). Bombpol  modopgpol  Bgboggobgdemoe  bobgdy
3630830, ggHdo go Bomamo ebage Pfgfgeol by Jmerbigmo FogemgdBa,
36ea®sds  PYTHIA | o9 38ogbgen. Jugfebyme Fugrpleb madampds PP
aoesogmommo  agm Pb-Pb  éigediogiobsmgal A Gaddmial  gsmgsrmobFobpon.
BeAobyme  Fugmpdel  vdgmbghe  Ligddtel  Bmbumembymo  amommgie
(Fo3mmgdols ‘330Robae’ 33h4-ammgmbah dmebdBa) s Bgbsdsdolum adsgigeo
s K 3bobplel  oddgmbel  gymoemppe  dmmgemoetglel el
3003omobfobgdyma s ogm.  sagihoe 93 IegbpdBe  Bompdgewe  geboge
0d3meobiol 360dz6gmmdgo gfbighedgbidal mbamogbme 36aTgbpmmdgdol  Byws
bughoe  Bgodmgds  Rsoogammorb.  odorBgdol  W3pddGal  dobempel  CMS
afu3gfodgfidol  dstadgbtigiog  ogn  emgommolfebpdyme,  gghdere  Bambplab
Bhopgbol  gmaddmeeds, -Geodymog 9%  Fpueaghh, B GgymBbsédent
madbaeeRs (90%), ms oBdgmbol asbodgel gademdomo bobgbgy (0.5%).
odorbgdols obgstosbggme kol LigdGa Bmggbagmos Lgheaty 38. Bocbgdal
ad¥gebdol S<P<30 agyc obphgsmBo edoboighys bagéebdal  sBrgide
fo6amgdomo Bombado. PpGr medum  HoBgbyrmmddly RuhiBasa  Juehmbploresd
fodobgmo dombglo Fohdodsf, Bome P30 agy/c shgla, dodoosge Famome
Ipdaon bga-osbols Gagommgdl. bghemy deggborme Ligiheo dmomgdl, God Z
deabeobiols sthgBo dombgh Fggommgdol gobo dpofge, G apslphgpl CMS-ob
Body aobppol  MeeghedsBo g gpdmégmo  dobobob 7 mdggbad
Yonsglgdols reorge Lobgbhom gufagient Fglbsdmphrmodst
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Pb-Pb 5.5 TeV/nucleon poir
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bgsmo 3.7 Pb-Pb oyt Pyehso medegbymo e CMS-b ofldgedgisle
soeagbomo dombte Fygompdol (raBocBdob) L3gidee.
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osge 4. Gégogo 220JdGmb-3mbogGebgmo gmmmsoegho

3o Wogggbol dome  dgmobyeBe  Ubgsmabbys Lofgobo  Bogamgdob
(eogmbdo,  bGodtepebpo,  gmadGebpe, deboghebpe)  dgmby ol
Blpdeapdy  Baetipdamds  gfldghodgfigdds FoBgbpmemgsbore 3obbobrzghs ol
oo 3hepéglo, Ao onfyames Ladgbol gmbrsdgnée Bsfomaypdol s dw
Bl gémaphofpegbpbel bfsgemado. dsgamomse, Libebieshgee gyl
#2038G0-bgbdo  phoopbofyegel  Gafamo  ofbdphoddmae  mombdytees
Jpébgm s3Bdsbgmby, CERN-3o, s 1980 Grogdol obafyolBo dbergmb-
shhodtogrbyre ghmopboRyeddBe balge PhmapGnByepel auesdbe W s
Z dmbeobppo smdmoRabgl [183, 184]. 3Gcgeb-sbladbmEmbgmo  gomsaegGo.
Geodgmbsy Bsbsons gbEGol bobggdsdo 540 agz-ob gfgéacs dfmbies, ddscmdes
19831992 GemgdBo. bissbrootbma Bnmymal 3stdydfhgdo mome Labbgom B3
Bgdoamd sBsBpogdgmby, madBGeB-dobagtebnm (7€) gmmoopgty (LEP)
oy Bgbfagemogmo [185]. LEP biygnsgmyéar 33 30b6obaogals Byjdbgb CERN-3o o
pasbmogdon 14 Gl (1989-2002) 36domby 4 gfb3phodgdo (ALEPH,
DELPHI, L3, OPAL) lgsbmstgymo Smmamol  3ohodgdhodol  3égpabogmo
285m0 30drobahgmdes.

dmpyobio ggshgols © aemaebpolash Fyeagiom Lobiydsl Fahdmagaghh.
oo Jbogebol ghmegh el Bxmsm Byhacgdy, 3ob Bpxeagfym Goferpdh -
36Pb @ argebpl “Bmbob  bodgogmeRs. Gggmmbel  méo  Jxdgrbob
BémoghoPyegdal  obgstosbdgme  Bgfas  Gommes: s=2E(x,x)'". 3] E stob
Menobgmo Bogamals giytges gmmsoghlo (gagemobbinde, Grd gy bsgrb
gborbsobe ghghaes ofak), Bomm X, s X, damégbel Garmaeles s abadbag
0ddmgmbals Gomb, Gedgmog ghooghafipedede dnbeformy Bl ol
oo Japeobgmo omsogghol SGogbyme Baggbel xedgte gPataes 2E=14
Bag, o x Bodgbgmrdobomyol gagrmsy smdoorg® 0.01-0.1 byl sgogdon
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dogomgd;, Ged Jstrgmbgmo IOD0xhagdyepal Bohaes Moo 5=0.2-14 g
Bpaifl. dodoosgo Wiokge gb gfphges Gzl mome  doéobme
gsoeghol ghomaghoiByepdol ‘gmadnG pbaadl’

Segoboliash 36lbyuggdo, gemgbéoBe gmpdasstmn, DbdiEe
Ssfformags s ppddberbym  gmemsaeyhty
™0 Bogool ghgigaol 80 033 BIIGIG
Padaosh  fohdmagggfl.  Jogebro
gmsmsogyhby 230J4960 Bagra0s
3368539398900 403080 Ahmagho-
PBoregdoborgol s 330630330 gbrdas, €'
dmimsogg@ty go gb Bahaos oo Lobglgoo
st gbedogmo. €' mhmaghodpemdol
Iopgbgde  moge  Lobyloo  sefigépds
Lisbeathgmn megmab LaBgammpdoo. gb go
603633, Gmd sbomo ofomsggdol Bgbaemob
FBobggzeBe gJughadgbhyma grbo gbo
roeaghs Bgodeogds.  sBohmd gregdhiacrgeme
Bsformaggdol gobogol gfbdphodsbihgemo Bgb-
foams,  momo  JpAmbymo  gepmsogghob
306 dmacborgh  gmadGebm-3ebogto-
fgmo  DBpégdmol  Fgddesb,  Godgmbag
. 0goz) Fghaes  afds,  GmamBy  LHC-
Msgebgmo hmagbaiigepel gebgby, go. dlsms (beGel Lobhdde 0.5-10
ba3- sbge  Bgtaopiedey gmaddebRol  Bdegds  Ghagm  sBfispdeogdda,
gopmoe aogdbompgm  0sbabJhodhrbym  asnbbagpdsty dmbpme  Phyhgoel
Eobogotiagdol  gode. sBomd 0.5 g3 afghaoel e’ ymmsompho  Fégege
Saufischdgmo ghies agerb. sbgm K3skitRenol Gy SgBunds 1990-Fempdorss

bgdhomo 4.1 Gégogo e'e
grmsoggfol bjgds
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ooy B3 LaBygoghor gfieén: Wisobgrneals fbeage sBsfidtadmob (6 d
(SLAC, 38) [186], gy6esBo - gdsoal gragigfipadeze Efoszogghob (e
(DESY)[I87] s asdeobool 6sformsgpdal gobogol Gagorbogm® (b0 (KEK)
[188] B dogy d6emydho gopbomsbpbigemo oo Mpdoe, erdemal
bobgemos bagms Bethob Fég0g0 goopgfe (ILC - International Linear Collider)
(189) Wdomeer gowofzibomps og L sdgbePs Laphsdntole  Féga
Jomsoggho Bomgdamos o6 shob. sbygy sbeb Fpmdagdagmo ILC-ob Lsdegnoe
36egddo. Gogogo $BJbdomol Baaggho bogdamor domgbgmes DESY-ob
30gh 9p393sgpdgemo TESLA  (TeV Energy Superconducting Linear Accelerator)
bpds [190] 43 os3Bo Bglgeme LedgBsepdo Bglgmgdamos 1996-2001 Fengdo,
2gGebgm-3nbaphmbame  hgoge s3Rishpdmob DESY-ECFA  3ématadol
gperammoddo.

41 gempdGebam-3ntoptebamo jomsonghol gobognGo dhmaheds

20JEOeB-3oBaGhebgmo  gomsopghel  mebognte GmaGeds  BgdyBagms
gobagnbos mogo xanmel dogh [191, 192, 193] empsdsBo, Gsdogghod)
6afogmos g3edmymagagmar

5) bgsbpatidmo demamob 3sGadgdhgeb dggobogmo gobmdgpa. $3 beg
fégogo gmmamgo gesadympdl LEP-ob 36maadsh ggém oy gphacddy
as6bsgméRmo Gommo doghadds gomodgho debebyab by Bglagemeb, Gag
amobbndl gymodaéo dnbebydl Btol 3ol 33bmdgsl mage Lobgloo.

3) dogbob  derbebol  FgbFogms. maddGe-babge bodgdtool ez
Wobge Jogbosb ogigdotgbymme dpjbablon brodgagmeds e gpdgbdéame
6uommagdo dskob o3 dyboblob Logygdayemdy adgpf. feg grsomyhty Joglol
Bafamogols 3xadghoRn Bgodmps margo badrgliom geobrdeb. of gageebbinto,
63 Jogbol Bsfogmage Jeémbe gommenegy ofighs sdnfgbaco.

97



wiw e

kos 8108

u 175 GeV

T

o

c(tb)

vs (GeV)

bgésmo 4.2 Begoghon 3eeygbob 33gmob @adm gopndmmnbs ee B e )
Bghgsdy.

3) b33ghlodpdtool Fgbfagme. orgdps s3gsdse Lgdphlodgdool Sofgadatio
3s3mgemobgds  3g6aBo o6 sheb ogzedyPame, Lgdghledybties Libbeahiggme
doggmall gagematy Lagathager egpfiampbye dmasbégds.

R) smbyhbsyogmo oatagie. o3 Labgmao Bmoblfgds  ihbrestigee
derggemol bgs Bgbadgme goggaimpddo. dogme BBl aobboggodpdyme abihGyll
of303b @sdaPoco 3sbBmBogmgbol demggemgde [194, 195, 196, 197), Gedeagddog
36300l dompdal Rsborgs sblgdpem oo bjpdaBe gegomegles @adu
Boaop) beodgageagds. .
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ammi:szaow a;::::g::» Jo:ﬁ:ﬁmsmaﬁom Fordsgpon  Bgbagems

Pob bihblogeo Bsgsrgdal Bapdob,
Grareabo Bgbolfagmma erggbal gzgms ILC-ob ghighaagdy dogmos dodape.
Bogoghon dbmgglol gagmol mdmgomgbymgbs ghghaasty Bmgdgmes LGty
42. 6oty bpheoogss  WRBL,  méoagbofdyepel  gggmob  Gedogo
Bodgbommds,  aloggntigon  Lgipsladgdhogmo  EforagPol  madugpdel
300303080 ao6obsbrmgtigds sorgmmmdon fb. gggool Bodzbgmmds tesdm jagbamns
Bsfomogpdol Dbty @8 PgGe ddedy dpelodgdeogme  BformsgRobsmgol
250ompon  Jgohg. odabsogol G gb IGmpgbPe @ doBa  mbafomy
Bsforragpdal ogolgdde goge Lobgbgoo offsh gobedome, sggempdmmes, Ged
ILC-0b oSggatsmaéo Bsngdopeds 1000 fb! Bpomagbrgh, go. ab” Gogol  agol.

42 gymodytho dmbmbgal Brbge 25Bmizpo
2m3dHGm-babho  gsmadnho 3mBmbgdal  Jatadyhhigdol  gebmdged LEP s

SLC jomsogéigdly  [198), 3603gbpmegebo  Goymo  omsdsdo b3 sbrstggmo

dorqemols a3 30678380, ILC jomoopghty  gomodyto 3mbmbgdol  Bglfagemal

QOO Ao ©3mdmds. 53 byJHméde 396 gmGgd0m %0Bgbgmmgzebos  mén

3Gedemads:

. aqadéﬁm-hghéo g.xgob-nﬁo derbmbglols, 3.)51).)330)63600) g0 wt mgobgdgdal —
3sLol, bLogsbobs amaﬂét‘m-\sglséo 33pd0b  dgbGagmme, Goy Ygbadmpgmo
ofbgds bRy 3.)‘&')33360»5 Jpmatrpdoa adgempdear  domame Labglgon
dmbrogls.

L gq'ajéﬁm-h‘ahé gommodH 3erbenbindl Bmcol 33l Fgbfogemo. gL 3330,
3.5611%-301(‘»36001 aat‘)&mbooﬁao aqadét‘,n-hﬂh&o Lodgtools aM3x3L
Begoghon  Beggemols 30ds6m.  sBedsrondo, (go.  Lhbrahdyme dgegemols
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3B0Bbgeeedpioliogs6 3oBbbgszean) Aol swBrbghs ILC-By bsbroshgmo
Beogeol gaggsthomol ssamBrmedel 3sdmafzngh.
oo gBga0by, W devbbpdols adomegds bghs Gugommgdol boboo [199]:
) e'e > Ww
3 Gyt ghoo W [200];
e'e > Wev
Blgh  Byeedoht) g W debebol  Gygomméo  madaepol  Fgledadobo
Bobdskol  gasgée  Bmppfgmes  Lphemdy 43, Wefyomgto  medumgbs
bodigogemegds  Vas0amon 13630 (Ashbbs mosa@eds Ladsaty 4.3) we YZ
3363mob LsBomgodon S-06b30, (o dogaghs osgteds). S-sébob asyhaddo
30035306 gomod@o debeabidol Lsddsy bpdl: YWW 0 ZWW. smbsboBbagos, Gead
Uabgo hmoghofdyemdel  V-A  dmbpab  ge8m, Bgbadsdolum  dmmaobpbmme
aJBOERL o6 InBoherbdol  Bagmob  godlogobgds §gy  ymemsomyty
boBrompdsl 3maaodl  asBmagmb S-sébol Ihepgle bsBBsge gamadyéo ddgbac.

Wt et W+ et

EGba by

bomo 4.3 g;ggjéémﬁ-&m%o&ﬁmﬁgg- AfoaghoByegdde W-Fygorngdel
readaeglal s3bsbygmo’ ggabdbal osgadado.

gém0 W-sdsepds  bregds gogeb-W  Fgéfydol  3GmpgbBo. g 63 goobs
3mgmatrabageol  (3amogmgdoo Bgbodmpdgo 0f6gds  ghao W 3mBmbol adseglalb
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333003y 6 gagmol  méxgh  aebGms. 8 degghde WWy bLsddoge  ddob
Bgbfageoss Fglisdempdammo. W-3nbebol adomdol gggms gy Fagommo,
233 p0rxhaRe edagplaluongol Bnggdgmos Ughemy 4.4 (Asbobs 36m).
Phaomesdoegdol  bog@dmb  Bpdegs  W-Fugompol  gggood  Us  gmepsdonys
sbsbosngdl, b g W msdomggdol gggms g0 gfgaoal Béhmgslonsh oy
e Hondnmae ‘o'bl‘xggbo. solsBaBbogas @08 0.5 B3 byhamty mfe @ ghoo
W sdorgdol g3gms mesbompbonr ghmdsbgmal Geogmos. W-3rbebpol gsdaegdol
Bgbalfogmae e'e’ ghoaghinfigeppBe Gdmegod) srBdgdgfme dmphods afs
3)J%omo [201- 210), Gedmmday  wodmghoe oyn dgfsgmomo LEP-2-mg0b o
P63 0bbzgetaBo  mdeRbes  ghodbgmnst [211). bphunby 45 (B
3s6gem0)  Bmggsbomos  Begaghon  IhepGadgios Bompbmmme  Bgmgapde. 0.5 g
Pahansty W-Fygoragdol madoegdol gggos esbmmpdoa 8 pb-b Gegmoo.

" CompHEP (curve)
WOPPER (D)
13 KORALW  (O)
ERATO  (0)
ol EXCAUBUR (1)

= 20 T T % ole’s’ —» W'W) va energy
=)
[
15F

10 |

l_l_l—l—*—*—‘—‘—'
0 500 1000 lﬂ 20 %00 mmwmtm'msz‘nav,
Vs [GeV

byoma 4.4 W-ggomppols s géon W odoegdols gggemol B gorepbyegds
baranoPegbol gfahansty (Bubs 3s6ge). W-Fggorzgbol reodargglob g3l
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1233 joegdymgds gt Bxepol 2Badgosty, 333mogemomn bbgapabbgs
3mathsdoo (sixgofs 3s6gmo).

odoborgol, 60D W-gsdsggbol  Méeggbgde  gfbdphedbdamar ok
Bbfogmome,  sagompdymes  Bgludodolo goBogghe  Ieepgbgdel  Bomgmatds.
Gagadbeg  Fhgog gomoomatol  mabadmto [212] xg6  gomgy  asbbommgol
Lswosdas,  GaFormagms Ga0L8s63300b  Beggmatigds  gedsdgoggdmme  Laboa
brogdeges  36mptsds SIMDET [213])-0b LoBgsmpdom. 3bGomBa 4.1 mogdemgdommos
39615338 6d0ls BoBggmmbndo, Gerdmgory o3 ShengthodsBo zsdmogybderes.

gbooma 4.1 36matsds SIMDET-ol 3s610398A980b  3603zbgrnemddo.

052360 SJop6b0 | g SR atiosbebs
[cosB|< E>ga03 |AG° | A¢° a b

o> BggaH0 095 02 15

ECAL 09 85. 0.1 0.7 |07 0.10 0.10

HCAL 09 85. 01 2 2 0.50 0.04

Hadddoto 095 03 15

LUMI ggdgdéoto | 09976 | 30 1 |1 (010 010

Lobstggme 3oy 98erfadobomgol oo  3BaBzbgmends sfzb W
dbol My Byl aobmdgeb.  W-2sbab s6lgdymo 30B0m337980 (gremdogdss 34 33
BporoagBl, Gop aogomagden smgdsdgde Z dmbebab dsbob predurmgdel, Gedyag

2.1 3g3-0b Bgoreagfl [80) °
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N/0.8 GeV

§6g03  gmmmsogghhy Mw Bgbadmmpdamos 300Bm3mb 15 33-0b Labygbdoo.
Mw 2s%m330b bobdg Bgbfsgmome agm W-debebol §ygommgéo  wadogdab
FPobagadobogol [214] W-dmbrbo Bgbsdmpgmas acBamml 6  Jogbmbgen
Foamoe 6 mpd@rbie s Fbodedol  Bpaobine.  oBrmeb  smdsmedgdoresh
godmdobacy ydotggznde Bomag ghoe W-dsehebye Fogrppore sondogza, boge
Johy g0 @pEmbxe s Epdhobee b 45%. gb FPebzggde  yaome)
lobybdgmos W-Bskol spbappgboe. dbol smpagfolbsmgel gsdmamgmpds o
3ogmol My obgsfosbgpmo Bl dogéebpmo  Fogeogdob  swmeapbs  Brpdewes

boythson 4.5 ofn Fogemab
063.)60.56@)3;::0 dobs

°»mso7ooooomuom

ol o

EIhId  ymaeGodde  Logrpdggmby  [215)
35Bm3gdol babgbgob asbobrdo
addoyppenes  goblahogatio  gage,  odob
pmgomobfobon Gemd méng) W-dmbmbol sk
260dbgmol  Bemos. sy 45
derggoBagmos My  gs6sfords o3
Byobgzgaebingob, Gegs dgnéy W gsodoms
gmpddferbae s Ggoghobere.  Boggdaeme
abgohashiggmo dstab gebsforgds godohgdge
oy Gabduoem,  GrdymBey  dhgod-goabyheb.
bobsilgmo  Gofomobs @ dobab
asGBggoligbsthasbedol 6sformalash Fyeaybrms.

Mhsahy-gopBgol Gbebsblgemo 3ol Lagaby
Tw  mogoflobgbosmo  ogmy  Grpnég
3oegadsBa ol W-gomnodgéo  dmbrbol
Uogoby.  3ggobgbstnsbmdol  gaBigeot O
3a6odgto-
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36 303% grefores. Bsbals FaBgfigrmeds, Grdpmay godoesh doompderes, Gageagdo
ago W-ob ofigol obsby. gb gmpdde asBnfaggmes Gdoegbody ajhreo,
dopomomse ogemdo Fhugaemo Baformagdab myddhMGel aahgm Ambygeton
Fbodmadgemos  badobBoggtoe Fphfetegh.  W-debmbol sbob  ae6babrogob
Loty AMw, Jbiphedbdmm  ashBygobmbatiosbedals @  Lgadobdogby
rsBergorgbyen, AMw ~ o/N' oy sjompber 0=4 53-b s gegomgamob- Gabpde
W-Fygomgdol  msdogdab  gagosl 0.5 $33-bg,  AgaoliGagood  graddbatmds
(35%), AMw=15 333 3s@Rgzobbstinsbedal dobomfggue bogohen afspds 100 fb
b gaHmTe0 Bsopepedal dmaGheggds.

4.2.1 gsmodytio dobmbglol Laddsge 33l Bgbfagme.

Usbstgam doggmdo  gempd@He-lgbgo dmbmbydel gmgebo, W e Z
d3mbmbpde  9hodsbgoomsb Ghmaghngtxedb.  Gomaebsg GhmaghogBgedob
Vaﬁ&oq'ao Bodo devbebyio dogmBstrgmds agfol mogh, Fgbs3a30b B35 Laddogo d3s
3jaos. Laddsyo grmadgéo 33500l WWV, bapsg V=1.Z begoo baby dmoygds
393 babymgdan 216, 217}

Lwwy awvwv N,
ig) Uy (I, 18 — W00 invlb, {100 P l—r" Wb
LV TE, W @b 1 A gl (10, N .m,n,)‘,,

bikyll “ "‘:‘,w l I—T“ M"uu“‘\'
iy

bagog  baghonm Jogmogogbdade Bwwse R Buwz =e/cosOy. e-gmndBHmbab
Bybos bomo Ow — o gobdgeged (bghdo Fpegpeb) ggobye. guedghe
ofigothosbBmbosb gsdrdeoboty B=1 e 85'=0. bibsbesttgre dnmgedo g = K
=1, bope gggms @bekfo 3 O-ob  omes  Lbrsbbyme donggemob
oBgbmmendgiobsgsh 3obubysgpdsme 3ol ragg0hans (s6mdogoyyto 33gda) sboma
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godogol (bsbeatime domggmol gogpsbompdol) sébgedol @oduresbiy@gdgemo
ofigds. Wfotge o3 obybol 303m LsBygo gomodpéo ddPal aebodzsh Andsgam
§6903 gmmsorg®y moge Hodghymemds goggds.

baddago  gormadntio  33gdals sBsmmobobamgal  W-Fygompdol  madorggdsedo,
wiodhms 5 Q:sa('mmabamo 396g8shogak0 amomob Bgbogmo [218).  Amameg
fabo, gobgBohosa® pasmampdel Lebaor smpdgmmns sgobypa:

* domsfgme Ow  ghoby  gmyddebgme  Gagumob  Boduhogmgdabs e
2600960 PesBo Fah8mgBom W 3nbmbols dedstiorgmpdst Bmob.

* Somstamrgho ggoby (©7) W-b meBmob Bpegaue dompbym gxhBorbls @
W-ob 303s6orgemgdsl Bemdal W-ab 706amdob LobgdaBo, méngy W-bsogol.
ab gemeeo 83hidbmdastiy W asbfafago dmmstinbagoob 8edstion.

o WU os3mob Jpugaore Sompdgme ggédombol sBedpdsmmte gaoby (§)
sogemogmo W- gadoegdol Lodgggdo, adhogy W-beogob. (radoepdol Ladcihynl
Bodstrorymgbs gragfdGebgme (3mbopobgmo) Exgogobs s Fgbadodolo W
dodshorgrmdol  ggideegmo  Gidegmas).  sbodgdemyte g0
Bpébedosthgs W gs6ogn demathabgools Bodation.

smbabaB6agos, Gmd gagms o3 Jambygdol  (gomlbiabs  gabbomghs W-Fygomadol
sdsrggdsBo Brpdragdymos. ey Bggom ogn smBedbgme, masbrmmgbon 4%
FPorbygaRBe ghoo W dpéobymoe oBmps, bome 3gn6) mpidebu
gbsdodob  Gpogéobore. W-b  Bgbsl  mpihrmbob dgbgo  aibbateéugh. g
@sgnBdon Ged mpgrbse © bpphebng W gsodyms, W-b dodsborgeaps
Bpodmnds sromagbomo oyl Jughobgme @sBpiel Ligrydggmy, Granhp ée
Sspheobmo Fsgmoals gpdrdRol xedo. gyhdonbol dmmagmo e Sbedglargho
saobgo Bgodmgs (peboba ofsh sagforro Wb egdirB-Sgadhabige
oBmgbalbiacngol, b @ gl Fogmar 3ol FPorbzgzedo, Garegbay
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3356 gobs @ 60306 3ok 3%0h330 P da Iygdmpdgmos,  dmmmstigmo s
sBodgdogho saobgRl o BaBxbgmmds Fpodmpds Ijrbregh:

(cos@', % © (-cos@’, ¢*+n).

BPoboadl, Gogglag ghon W mgdheobpoe odmps, bome 3oy o
Soehobipore, LoBlgo gomodgho gl dodutin greaty Borgarme Fadbedosiends
shobosmgdl.

W-fggompdol badomem Bramdtigmdpl Bméol, gapmebd) moge Fomo od
3Borb3gadb sdao, Gegbag Mgy debmbo Juphebmae 0dmds (@ssbrmgden
46%). 3ogbyeszse moge Lgedobogobs, sbgn FPobygaPde gmdmodgeros W
Bgbdol roazfs ws, Bybodsdabyg, 430525 ggoby 3agemmbabopas 36bsbmghyea,
dsgamaose  dmbmbob Jmmofgmoe gmoby 296bobmatmos, Gmamty tcosGy. o3
BBorbggagdoliongols, Gogs obagy W moddeb-goghobgm  Fugompae  odgmmde,
496035804760 sBamabo gt gedmmmgdamos, 2 Ggodhobeb sl 3edo.

1a33s30 gomodéo 33pRol Bgb§sgms, Gmamé Bgdmo mygsbama Budomsh
Wb, Gogm  gobpdsogn®  sbomobl  Bmombegh.  sbedsmyto 33l
aobomdgobsogol  Ubgomabbys  dgoegdo  gedemoggbds  [219, 220, 221 5
30Bgdsdogato (3o WBpmpsh odmyps phombogmae S bbguesbbys s
offsb Bgbagmmommo. Graeey Fabo Bgol§sgmps &1y Ky, Kz, Ay, 42380 (36 dsmo
Bodsmbo 6ofoma Ag, Ak, , Az A, , Adz). Lsddso gmodgho Rge
asbmdormn ogn  gmaddhrb-Snbaghobgm ghaebafePgde LEP-gmmsoeghty,
W-Fygommpdols @odoregbol Brg@demsb sbrmel degdedy gPodaepddy [222] e obgg
Somgrb-sbgodagrbam eoogtoyeppde TEVATRON-by. sbdzpl Syegage
s slgg Smdogarmo gobmdgal Lobglgggbo, LHC-Us s Giggoge gmemsomfiobiongol
TESLA) sbsons fiy®ob lLobpddo o6 gmamdy (0.5 @ 08 &p)
dmggomormos bygbomby 46, Gmanéy  byheoosl LAY, Sbeducgho 330
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LEP TEV LHC TESLA TESLA LEP TEV LHC “!soou T%OM

500 800
byfson 4.6  bedsgrgtho 3pab Ak, A4, 33bm3z0L Labgbggdel Lbgaeslbgs
dmmsog@RBy LHC ms Gégege gmmsamgholsngol (TESLA) 6sggmobbdgpas

obgatemrgtio  Bsodopeds, Gmdgman  gomosopghgiol 3 Gmob  SnBamdsl By-
gbs3s3p3s (LHC: 300 b, TESLA s=0.5873: 900 fb', s=0.88q3: 1500 fb').

42 3oabob bsformagol radsegds grmaidimb-dnBogfmbam gmrmsorehdy.
bisbstiygma doggmob gobresdpdghe Esfomsgpda, g3shgnba, mgdhebpde
o 3dod) gymodghio dmbmbdo Bkl odfgf bysmatrgm Jomast Phonghodyegol
Byegaoe [223, 224) dogbob Gsfogmsge Wfmége o3 Lysmgmo  ggmob
3s8mgmobigdol  Go6Bmopgfb. Jogbol dmbebol omdmbghs s dabo  ogoligdgdol
Fifogms s7pomPames bsbeshihgmo onggemBe gmgddhieo-tglde Ladghhoob
rathmagaol dyBobiol golshygaze. slsodoges, Gend bbratidgme Aregob
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6 n r—rer
4 s, - Bil sboboggbo  guedgmongol  goe,
5 —oozre1000008 i | Jogbob 334960
T . bdo 360936 36 Gl
L - 0ozrasso ooz [f: 8 I <
4 ". < ind low Q- data 4 03:3mb bebatrd o 3epogmals
L 3 2 bp3phloddtoge  gegedoepdedag (191,
~ i 192}
2 N ’/ J
] f ) \ / béoﬁ;go(‘)é‘aqo dmgogemal Joglab
1 /4 1 d8o63 ghoseghn ubed  dstadysel
N i
osoExcluded 16: 4 Joglob 6sfommogol Bsbs Fobdmomagbl My
500 3010 60Bzbememds  doppgemol  orgolimegarma
m,, [GeV]

Jobsdpdts,  omdye  sGbPedl  odob

bgdsma 4.7 Jogbols T R R aJu3ghad b gema
adu3phodobiyamo bogsbo ms dobo- gpiaEan,  Ged  doglob  6sfogmag
oggbyme mntegme
3603369y . Yoo gdgde Bsfamagos. Lahondy
47  Bogybomos  gemgddBe-lglge
365303008 oo LEP, SLD s TEVATRON-ab 5fulgéodpbgmme debogzpdpdol
3%80gfPoo,  oogsbsy  Bompdmmmos  Jdoplob  Dobol  gapemsby  Fgbademe
30Bgbmemds, Geadgmog asbrampdon 120 303 Bgseagfl. ooy eBGabame
sy B0s50B6RL 0d shgh, bamag dahmadosa gfidghodgdmma ybrgrgs SGLRPRL.
LEP-ol  s3s86pgmby  domgpdymo  dogbob  dmbebob  fzges  brgséo  95%
Toodgemdon My > 113.5 333 Bpweaght[225)
23JBGeb-3nbahtrbgm ghongbnfxegpdlde dogleb §ahdnjdol dodomge
393s60Bddas  dogb-BgGompfaol (€€ = ZH) v WW 3pbfgdob(e e >viif)
3ersgbdo [226]. dsoo gospGdga dnggiymes Lghemby 4.8.
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bytismo 4.8 daabol 6sformsgol e'e 26m0ghnigedsde  msdapndal  dofomse
39306063900 sFbabagamo @osatedpo.

JoplBhhoraabaol  domsgbol  gagomab  gfgamly  madegoedamgbs  Us
§09d000  Belosorggds,  bomer WW-BpafiBol  ggoms g0 gfigfpnsy
radengoegdarmgbon  egstondymoe obbrgds (x log(s/Mil) ). ZZ-Bygos
39Js60b3ol e'e = e'eH’ y3gms asbrompdon ghow Gagom gathgs WW-3ghydob
Bosbosk Bgesbgion, Gxg gdofgrames midgbome myfgiels (CC) m
GgodGomabo ol (NC) 23Rl gsbemdon. gb gséremds domos 16c0s’ Oy,
boesg Ow pegdborbgbdo Bghguob goobgs. Jogbdgeomgbae o WW-3yhfgdal
Mgl gagmol ademgorgdaeagds My-By bsBo Lbgsblbgs bgfigonlisongols (0.35,
0.5 s 0.8 Bg3) Smggsbommos Ligheaty 4.9.
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byfison 4.9 3oabdgGsmgbaol s WW 3p6§gdab 3Gmby3gd8o Joalol @adsegdol
d3gmol @adngorgbarepds M-ty aedmogempde ggbadeds €€ gémnghongdeniol
Lsd g6géa0eb 0.35, 0.5 s 0.8 &a3

Jogbob  6sfommagol  @sBmol  ymdimeds  Fbogmere  dob  Bshaby
gidmgogdyemo.  Goggbsyy  Mu<l40, 3306 Joglo  dodemspae  ggpidamby
Guzompdore odmmnds. Gomasbsy Jogbbs 3 gxhBambdl Bkl 3o gyBAacBlal
Blpol  Ibmimbgonmos, djtodsmnto smdsneds ofge b 333646804396 s
Pugompore ©odmpb. 0 Bdobygzedo, Gewegbyy Mu oo mbo  gormodyho
derbeobols Asbodg, aBmal smdsaedpBo H > WW o H 2 ZZ  sBmpdo
edoBodb. Goneglio t-ggobabse ©@Bmob sba obU6Rs, (My> 2m), 53 shbol
smdsormds 20%-b smfagh. .

Joghol sBrmgdBo geBlaggnépon bbbl H Sy ge H = Zy
sBmpdo. Goguasby doglob dmbebl o6 sjgb  dafgadatio  phonytaPyeys
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gndrbn6, gb sbpo  Beyggdol  Lsdmsmpdon Bodreoboigmdb.  Bog g
sbagma, 8dady 65Gagme gpdals 339856 sTemals SdaoedgBl  Fyggemol s sbagma
gobogol 8daBbgbymn Bgodemds aabrgh. Byeard Gsforado Joabab psBempe o
B0 560 mefighompon shol 3u6bogmmmo.

T T T

T(H) [GeV]

ol p -4

My
i s L
500 700 100 0 0 [0 V(1 1}

My [GeV;
N

bydoon 410 3ogbob 6sFormsgols ool smmdsoedob (a) s waBmol Lagabol (b)
Rs3mgoegdyrmgds dsbaly My.

4.2.1 oplob Gsformszol e-gegmbaso wsBmdol Bybfsgms

a6 gogebodo sBmadol Bgbfagmob (H = 1y) dobsbo sl 53 rsBemab
Sstrgosmgho  bagebol [y aobemdgs [227] aoBodgol Belogetrpdemoe  bagosms
Joglol Gafogmagol bogsbab (M) gmmés (Ty = Ty *BR(H = yy). dupghe
Joglobomgols  béhgemo  Logsby dogmess  dgathgs, Ged  gfldghediidgmse ool
asbodomma [228] doglob bégmo ogsbol somaghs @0 aebmdzl Bpegawe
Bpodemgds (229, 230]: dobgpme gbes aebmdmb  BR(H = bb) msBrob
sdaoends, Gog gmadeEebgm-dnbatebym jmmsaeghby Bgbsdmgdemo, oz
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o oo Y
Béebgmo  yommooaeghal  6sfagme  af6pds).

Goeasboy 98 fogy gobmdiol Lobglsy Gsdeegody dompdod Gogabss, I,
23330l Lobly asbobsbaghps  rrmdampbem, Gmdmomsg  BR(H - yy)
aeobodds. Bgnéy Bpdeige,  Gedxmay Ty gobedgslonh  séob  ayegdatidmmo
32olbiodl WW 36ydal (e'¢ = v1) 36mpglobs @ BR(H = WW") oBmol
sgmdsonedols 3a%mdgsls [231,232].

dogbal  6Gsfformsgol  crgerhmbosto  aBmob  smdsamds BR(H - yy)
Bbfagmomo agm 0350 s 0.5 Bgg g6ataoRby,  prmpdGHOB-debodHebgm
D60y fdxegdBo, Grdymes bednmen deandubyedgas:

ee = g e'e = vy

Jogbob 6sformsgol 3sbob 360Bbgmmds magafloddmmo agn My=120 395,
bowmen obBgatormgto Bsodaremds eéagy BaGacsty smpdmmo age 1 abrl,

©s3mal sradsaedol BR(H = 1y) obed30l gothremdoner (yremdogmgds dmoggds
Gopmtg (SHBIVYS, Lopog S — doglob o gogmbasbo 3ol GompgBmdss,
Godmndory ommagbormos Mirol 306893m AMyy obgéhgsmdo.  odsgy obGhgsmdo
gobgho  DpPobggapdol  Gompgbmds  ombadbgmos  Beow.  gebmdgeb
mggemotipolsogol  agpomgdgmes dogliob madagglebs s gmbgde IGmpgbgdel
FbFogms s 98 bmpglgdol adoegdgmoe Bsfornaygiel madaddetgds Fgag
dmemooggtiol  @abaddehde. sety Rodehipdgm 3sdmogmgdBe Uhgmar o6 ayo
gongomalfobdgmo  grbgte  JGopglpe @ mpmsfobgipmoe  Bagorglob
333ggbRol Bgbsdmgdgmends [233)

oglBFGumbaol @ WW-B)6fdel Gpdgoe g6 Bmgsge Ggujgegeb
6x§ommos, Gedgboy dbhag e’e ghongbajixedol 24 Jhngglgel gsgogol.
3 Gypdpogol  dmggmetids brgdomes  ge8dgdhame 3éasds  CompHEP—ob
UsBgampdon, GrdgmBog gagme Bgbedme  gosaGds oyn  geongarzalifobydyere.
Berggmotdol Aol gsogsmabfobpgme g spGyng) GagesgrgRe 3bozgbgde
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[234). 33336 dmggmaiPsBo Bsborgmo ogm gagms  Bgbadmer IGegbo
38330 bBIhGInPEeol  gugddgde. BR(H - yy) 3odgbgmemds smpgmo  age
3833800 gme  36hmphadogss HDECAY[235) 53 hcpfsdon sBmab  srmdooxmds
BsJbodsrghios 120 a95-%), BR(H - yr) =22 107

30gBE Gzl Epjuns bolasogs mén setobyme Fgrem, Grdmpoy
Z3obobob ool Jogafbgph Goedamagff o 2 Bomme Hofaoeb Ak
godmon, Grdgmns obzsbosbgmmoe dbs My, doglob Bsfomogol el Hegmno.
8 36mpgbol grbo Jpeaps 100 Easahedologsb, bamsg 5 ggofgo SmbsGormgmdl
g=dus,ch. qobyho 3mpgbgdel sBbsbygmo mosythedpdo fo-ggstgal Fdabggzsde
Gabggbgios mGeoby 4.l gyymsby BoBgbpmesd gmbnd Iemgbl Fohdmaeagfl
e'e’ = Zyy d6ogglo, bapsg grgmbpob aednbbogps Gagosgogie Mopgbpde
bregds. gb hepgbo Bgbfsgmommo o saGgog) Bbge apgfedmtol, gpfdoe o
KORALZ [236,237]-0b bs3psmpbonn. mfngg Ihma@sdol  Bgegaghe  go@a
03536580 smBrRbes yhodsgomab.
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bydsmo 411 JoakBGaergbael 3hmpgbol gmbgho masahadgdo,
e'e’ = ddyy

Jogbol sdopgds WW-3péGydol 3pdobaapde balasogpds méo gogeben
badeogmeer GregmBshiymdsBo @ oo Bogrgme  gghace;. gebytie rmsgfedgd,
Hmdragdol 3Gkl smffghl dmzgdnmns bty 4.12. sfsg, obgzy Gmamhg
gl dytarmmbaol  BgBmbzgaeda, dmogstio gmbo ZyY by Brogmidstigmdoresh
dgol, Geuggle Z-3mbmbo @G 608 %0bee  08mnds  Lsdmpam, dpamdsipmdaa.
Vbgs gebaho IGmggbpel Famomo, gobglagogate Sgbmamaagdel badgemapen
Jg0dpagds 360936gmmgbare 0651 RsbBmdorma.
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bgoma 412 WW-36(g8el 36mgbol qembato masahedgdo:
ete > wy

adol 33dm, Ged gebyho 3Gmpgbpel g3gme 3egemglon dxpames Jog
o6 gogmbod  sdmdasb Jgostigdom,  Joalol  Logboymal  gedmymgolon
spaompPgmes  gobgdsdoaca Yhhgzol 3Bodaboges. 98 doBboo 290mygbads
ogm Bpdregae Jobglathagahe Sobrgeapdn:

o obogy gopebab asboge addgmbol Badgbymmds (63g5000L  Bodotroryem;
3dshm) Er> 20 ags.

* b0 gmpmbols obgshasbdgme abs M, >100373-B9
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* JoabBhGamabaol G3sdaesBo e dupémbmmo  Fogmeb  0bsGosEEmme
dsbobongols | Mj;-Mz | < 20 FY)

B ghodphogipel  gudoyfpon  Yghodmpbgmes  grbgt  Jgmggbgdel
Famommol  3odgbgmmgbare | Bpdgatiods, Jogbol  Tpdobggadob  sdobdag g0
moogBol TG0

Ldogmmer sBamabobsmgol Jghobagadel BghRgze brpdoes méo bbgaesblgs
dgomgoo. Johggm  dgomeBe embol Bgdehgds brepees mbglseggho FghRggeb
3333506800, bomer gy BpeeeBo  gobdoaoggBe  (3mmarglel  bagrgdanedy
brgdors gmmdsmgho gobihodobsgogree (grmagel Pu-ob aodmangens Lagbagmabs
@ gebol  Pobyppdobsmgol. b ggmome, Gedymag 0-1 obdghgemdo oge
36l bgégemo, Fpademgds obIGghetTme 0fsh, Grgmy smadsomds Joglob
6sGomogol wadswmpdel BydabzgasBo.

gheoty 4.13 dmggbomos My gsbsfomgds FpeBggmo Bpdmbyggpabonob,
Gogs ghooghPaegdol Hghans 350 ag3 Bpmaghl. a-asbsfommpds Fggbadedps
30abBBGxmnback 3okl bome  brgofsformgds  WW-Bgéfgdel  déngghl
M, a6:fomppo, Godmabog 0.5 $33 PFataasdy ayn domgdgeo Bmggebores
ybooby 414, gubol graibngepel msersd sbygempse, agy bghat
donggoborma qbto gbsfampbde Gahdmmeagbormes argge Babdao, Gedgmag
ool s36eJbodsgonn doaggengs. bidmmoe Byegade, Grdglog doglol o
godrbae ©sdemob 7*:11*‘\'7\*:3&':;oan oy oo, Gohdmmeagomes gbhamde 4.2
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@bforo 42 My, lbagbsmols R grbg@e BBnbagagdel Gagbge
©s BR(H - yy) 35Bmdzols Lobals)y.

e'e gy 350 30 500 393
36egbo 99y7 | vvyr|xsdo | qqyy | vy
bagbagmo 93 | 57 [150 [35 |99
qebo ) 366 206|572 [410 163
- bsodermds 49 (40 {63 [17 [102
Bahpedoon (3-s(%) | 230 | 285|179 | 603 |16.4

obsBoB6sgos, Ged  doglol  modompol  mGogy  aebbomgmo  dbeggo
oBogoggdgmos Wfigobo Bsjsmpdol mmaciobogasty. Gy ymmsamgely o
Bhadmgdgmos  grmnddGtebgdols @ ImBoghobpol abfatogae  Sematabdnmo
6sgorogdol Bomgds [238], Gy gabmadzndol 3omdxmdgbodol LsBmemndsl admags.
bobmgseme  dopgdgme  i-36mggbobiogol  dmmtobRame 8 sthedmme-

Gobgdymo  gagmob  gubeeds Ri gmoddGebols (P) @ dobogembol (P,
Smmatobgoobsmgol asdmabsbps gmé3man:

Ri=1+mn (P.-P,)-PP,
borea T gageol sbodgghank gajbedos:

m =" -0 Mo +a")
G (") -ggpmolb  BoBggrmedgbos  Uémemo  dmpasobogool  Ipdobygzedo.
shodghhool gddméie gedmmgmoma agn Mamahsds CompHEP-ob Ladgapdon.
3agbAEGmpfach Moegbobomgel (i=1) sbodydios sdebbrs My=0.21, B
WW  3gé§ydol '8380)15333.5'&0(#2) shodgdtool gsdhomo  dsjlodsmgées My=-l.
grmnBhrbobs s dobodhrbol  Bagyegob  Ubgasbbys  Immatioboobingob
Bdnlsggzadols Whsdobhogel paromagdol gajdmbo Saggiymes bhomde 4.3.
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GbGomo 4.3 Bsgsmab bhbgsmabibgs Semathabogoabomgal pmbagagdol bodobe-
3°b 33morngdel goddméa shadematnydgem BobyggpPant Jgeysmadoo.

€ Bogoo (P-) |e” Gogorgols P+ aqr vy
1 0 0.79 0
1 \ 0 121 2
+038 0 0483 02
08 0 117 18
+ -1 1.58 0
1 + 242 4
+0.8 -0.4 1.07 0.2
08 +0.4 157 252
+08 056 119 0.08
-0.8 +0.6 177 2.88

Gopaabsy dotraoamn qebgtio IRl dmmstobagool odsber Abgagle
gomdagrs  obobosoper,  2oBmdzel  LgedobPegahe  gemdamgds R
3hodmdpogmee  Fgopgmpds. orpumgfo  Fpdmbyggeluogel,  Amegbg
B Gebpol Bsgspe dshboEs bladammdol grmgidhrbpalisgsd dyeagds, brge
JobogGobpol bsgyen go bxgghs odemedalysh, BR(H = yy) asbmdgol
gofedooa  gredorgds  ofgds  103%  (035833) s 82%(0.58g). b
BoBgbgmmdgdo  Fgbadedps 1 ab! ob@adema GngRagedsb. 035 &zt
Bomgdymo FBodgbgmeds mbagy Ieeglol Bpegase doomgds, beomer 0.5 Byb
Fbergmene. WW-Bgfgdol dmgzgliorgsb.

Jomatrobagool  BodgbymedPobogob, Grdgmos o Fége o)t
o Bpodeagds, (ovgdps bagloerg Gage 28m(ebals Goidmargarfb) — P.=-08
@ Pi=+0.6, 3jbdsdobo Labydgptes 121% (03583) s 9.6% (0.5 &g3)- o
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3g0mgoofjobighn  dogliol - bhger  Logebgh, Gemdymeg  Fhgey  grmmsoregtl
Bgodeagds geobmdnl [239], doglob o grbrbue @Bmob aeBmdgel Labpbiy
AT(H->1)/(H-7y) 3eumsfiobsgaol Smggsbomo 36036mmdabsmgol oféds 13.5%
s 111%, Bgbadobye 035 s 0.5 #g3 Boyanmdby. smbsboBesgos, Gmd 3sbmdgndol
oty org PEte aobéeps og dogkob debebo grinbyd ey
asobedgds [240, 241 geebyte omsomgte, €€ gmmagotol  Bagregieb
resdsgdom 3smsg390mby Bgedemgds 33BBrAageIRgY.
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5. abyghs

33 6sfondo dmgmae sl BxsdPymo  obghadopnede  domgdmo
::‘::::“ ' :aws"ﬂ“’" Soboggogle, Gedopday gb Byegade  gedndsubes.
20 33 03398 dmgmerls [l - 19).
9 ;ﬂo‘::fii‘;sfﬁ;:h b;s::;:a:%b domgpgmo Fapepe (el - @)
960k owanbel gbgds. 653Gm3RTo [w©8,
9] aobbomymas  sembymn  gobogob  Bodgbgrmmgibo  bagaabgdo,  gxhdor,
33604000 ghudfhges  JuehebPBo  ms  AgmBogpbya  Dméebymo
daBsrgndpdmnsb ogsgBafigdgma sbamo Gsformagpdol Bybsdener gfklphadgigeme
343053005, mobghogesBo, Bob  degeeogsl  edmBabaty, G
Godmgfiody 65B6mAby oy gedobgomgdymo.  Bjbadsdabay  Brogaghene  Bpegae
dgmash Ao gmae sl dmblgbpdmmo.
Usbrstidgmo Soegemo, Aedxmoi p6gdel gabesdgbgh Ssformsydty mo
B0 Inob Gy Phoagmaghon PPty (dmoghe @ grmgdHGe-Lglde)
gumgobsogol  sGbRgmo  gmgbel  bogyydggel  Godbemomagbl,  Fpdeamd
aJu3ghodbdam BdnFagdsl eogmol dmdsgem gmmmsamghdly — mor dueAcbym
Jomooryhly © Fégey Jmadteb-lebaeebym jomsorshdy [l0 - =19)
SABJppeogdy  ablaggmépamo  Gogmo  ghoFds  obgm  gfblgadgbibpdl.
Gedemgla  bsbraGtgme  doggmolb gl gehye  sEURgme  gobogb
Fufogmob  LoBgompdslb * Bmazppfl.  bsbeatidgme  dmggeol  Fgbodoe
20p0aRdglL Fohob 3sBlggotgdym abgeglt iglghledyhogee dmegeybe
ofi3ag6. dgbody onsgdn ablopmpmmns Ldghlodgdhogeme 6xformsgdel (aegobol)
3o dgmdstgeds - aemgobebogo [ell - @I2) Bobo moggogpds dgbpdele
s6ligdymo bglgelodgdbon Bghfagmols Bodghpmemgibe Fyshe obregds. o
Asptherbigmo  gogmsnggol Ledygbogher HhmaGudomsl srbubodiagos sbgz) gy
amaebgto  deaedstymel  (33064amgbyhe 3matd)  maggodyglob
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Fgbadegdeoeds Bdody Bongdols hmenenidpegpBe. s3ehsaegebate demablab
sokgdeds Bgodempbyrmos bihobresidgme drmggmol garRde. o Jomeobge
Jnmsorghly, dobo ghyhgomiel a33m Tjbedmodamo afgds olgmo  Séepggdal
BFogms, Godrmgay s8gsdae sGbpdmm SBohdshpdemdby o6 dodebsthymdb (13,
w©l4].

fomom  paddorb-dobagnbgmo  dbftgdeont  dodome  grgiesd
3oggobogen  gJudphodgfimo  aebrdgol Regatgds Fakdmoaghl  [elSvel)
Lsbrstidgmo  Bmegrmob  Fpbodmm  gaggefiogds  gfilgtodbdamer  podepds
333mgmobegh 33 3obmdzRBe  Bompdgmo  Fpepapol  guesbéen  ertagemo
¥BoBgbmedgBoligsb.  sbgmo  aobeBaRl  Goddmomagbob,  dsgomacg  Laddsge
gomobyto  3BRol  dhsdghégdol [mI8] m dogbal o6 gedmbie  wsdrol
smdsoendol [19] 3sbedgRo Ghgog grpdhGeb-3nbodhmbym gmsorghdy.

robgebesda dmggbammo hemdgbal Byeglo Bngmye Bgdegge Laboo
Fpodemps Bdopmodegls -
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QOB shomfigir Jomatobpgm  aalbgede gebodame  ggoob el
sbodgbbopomsh s Aol Gsbyghugobmybogt  ebagpdodo
Soatiotydgme  gebsforngdol  grmbpagie  gbbabogbpmoe  oye b0
bb3omalbys Bodol ggaégabaongoli: Au(x), Ad(x), Afi(x), Ad(x), As(x).
36bogeeegdama Johgebgme  aosforgdgdol  (GPD)  ogréhdagmabdal
BGagdBo Bgbfagmoma oy gfbgrmgbonhe Iempglpor mEdie sheAgge
3m33mbab 3a26g3s (DVCS), gadmérgmo 3ybebpdabs o, ¢ @ o0 dombob
Radaegds. :

DVCS  36mgbde :8314';'.;3@0@ agm  dgdy-Bodemgtob L ]
obhohBatbaeot Bxegase Fahdmgdomo shadgdammte sbadyhGogho: Bagaeab
blobobs (ALy) s Bsgob Bmbgol (Ac) sbodgdogo. Jobggmem ogn
asbodorme  VAB-06  magagBohgdmmo sbodghhagie sBegob, Bombol @
3603mbols Jobhogpdby.

FLGogmomo  agm  doboggmo  asndeb  aogmobs  Lbgpobbgs  spémbgdob
§ocdnjdsty grmgddhmb-datnggmo  3sdbggel  Ggajpegdde. Reggezame oy
sbamo  spéerbgemo éfgamaoﬁambo O+ dofacko,  Gedgmoy  Bgbademms
b 30006 Jogbobm deaeBatigmdsl Gotdmaeagbegh.

36eeb-3bmgrbgm gfmaynfixeggdde dsbms gheheb Lobgdsde 14 &3
266309y BhFagemomma agm bgdghlodphogme bsfarnsgeb arrgobob ddgeo
doaedstrpdPol  —  aemgoboboglol  adbyfol  Bgbodmpdenmds  2-Fageosh
BorlggaPBe adbghodghsy CMS-ob badgsmgdaon.

ody  oobpol  phoogboigepdpde  g3egamgebato  dmobded
BgWFagmobomgol gfblphodghy CMS-ob LsBsengboon Bgmsgobdgime age sbagmo
3resglgdol —Z godmérmo deboabs s Z+Fagemol — gadogbob Bplagee
sdsg) gfmoghoPxedBe dbfsgmome agm o bgetesbgeme bl nby
Bombigho Gygomgdol redorggde.



" ete- Gogogo sBhhéprmoboongol, Bbsms fdtob bobhgdhde 500 ax;
Pghaosty Fgbfsgmomo ogn W gsmodgfie gojdmérgmo dmbobplel eedaegds.
BaB3Pd0 ogm, Gmd W 3mbobob ks Bgbodmpdommes sabedeb 15 3y
Lobglgoo. Fgbfsgmomm ogm sbygy gomodn@o dmbrbpel boddsge 33pab
TWW 2o ZWW 35peadgol Fgbadempdemmds.

BuGogmomo ogn 120 333 Blob 3jwby dagbol dmBmbol Esdseds s oBs
ete- DhoogGafyedPde b Edheb bobggdde 350 s 500 ay
Bahaodby. EsfgfPo ogmy Ged 1 ab-l obpgaburrge Gsnpboerdobangol
BR(H- 11)3gbadmpdgmns  3008m3mb 16%  gadigmdomn  Bgammdon.  Bsgaregdal
Bgbodadolo degmathabagaol BpBbagyeBo, Bglsdmodomns gebmdzgdel Labglgd
10% Bpswaobels.
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