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- Ugluuunwbiph plphwmp phmpwghpp

Uguwnwbpp twhpdws k dkqniught dpgmbljuy Jh&wlhibph nuunufiwuhpmpiuin,
npabp wpnhinul b pp puphotughit quuygh: Mwlghut phi tpulyeghy b b
hpufwigl] b ghupnth dpu §nhkptie pnunnsdtlwt dhengny: uZhJulmmhpnuI
Umipudwub tjuwpugpdus k Jwubhybbph inghwubugdwt dkpngp: Thuwplus
kh htnbyuy pnihi nbwhghwbitpp yd—mrrd', yd—KK-d' b npygbu nhwnpnbh &qphin
unyimjubmgiwt  wnmgmd’  yd—ppr: Upn  yhpeht nphuwlghuyh plypmu
wwhuwiymu k iphy tpulymqpnipniip, wwiljuyb pwjendmd E inhbpkhnmpyncbp:
Ugluunwbipmu phpjws b pp gqonuygh, hisybu bwb mr b K*K- qnuyghph Ynhbpkinn
dnunndudwi typkpp:

Pllugh wpnhwlwbng pmin

pp puppntiughll qoygh wpnhing dkqobuyhit Jpdwlbbpp munwliwuhpimd tb e
whgju quiph 60, 70-wlwh pywlwbitkphg: Uh pupp pndpbph Ynnqihg hpulmbugus
ghnwhnpdbph  wpyoibpitph  bpdwh  Jpu  unwgkght l]_lllll]l}!.lb]nltﬂlhll wyn
th&whubkph goymipjub dwupis Uy ghuunhnpdbph ppuljmbwugyk) i CERN-h Omega
uyklupodtnph Jpu (2], Rpnijhun]kih wqquiht jwpnpuinnphuymy (Brookhaven
National Laboratory) [1], Unpukih hwduuupubh BEjnpniinght uhbppoupnth, dpm
(Cornell University Electron Synchrotron) {3)], hulj tpgkpu tuub Belle (2002) {4] L BES
(2003) [S] hudptpp hwyjnwpupkght hbwpunp by Jh&wlubph gomipyub dwuplb,
npntip npnhynud kb pp qnuygh: .

2004-2005pp TINAF(Thomas Jefferson National Accelerator Facility) wmqquiht ghwnwljuit
jwpnpuwninphuyh CEBAF (Continuous Electron Beam Accelerator Facility) [6] gdwyjhl
wpwqugngsh ypw hpuljwbwmgjmd CLAS/eg3 ghununhnpénud unmgdws wdyuglikpp
ruuwluiht hwpdwp bhi nuumdbiwuhplyme i Jp&wlukpp, puih np CLAS/eg3
ghnnwthnpdmd phpuijup pbpnpnt kp, plyp Ynhkpbin dtiwb phwypmd mbh ks
wrufkmpini gpudtuyht phpupuh Wunadwdp, stfwh dkjuwihquh htn juudod
whnpnompmbbbpp  Jkpughlim  hwpgnul: Upjn pbwypmd  Jkqnubbtph  Shnulp
Yunupynud E dhugh e-Ywiagny:

Pugh wyn, nwunwbwuppmpnit wigiugityni  hunfwp, pujuijwbhb puwn tp
wlwbwinpyy phuypbph pwbwp’ wuwhndny thapp Jhdwhmgpuljut uvhwybkpm]
swthuwb hwpwynpm pyndh: o




Ughuminwbiph twyunnmyp

Uju nuunudbwuhpmpjut hhfwwh pwpdunhe b hwinhumgk) nwppbp judpkph
Ynnuhg 2.02 @& b 2.2 S whpoyphbkpmu fp qnuygh wpnhyng Ukqnbukph hwpun]np
gnnipjwt dwupt wbuwhub jubjiwnbunadubpp, hiyybu twk dhnpdwpupuljui
njjuqbbrihg uwnwglwd wpyobptbpp:  Ugfamunwbph  twunwlh kp TINAF
(wenpunnphugnid © hpofwbwg]ws  CLAS/eg3  ghwwdinpdh  gpgwbmlbbpmd
munlimuuhply hunpnluyht Yh&whubpp, dwubu]npuwbu bpwip, npatip wpnhydnud
b wypnnnb-Euwypmonth: Upg tyunwyn] wbnp tp phuwplty iphy tpulyeiqlhy
gpudikpp ghpntphmuh phpwjuhg, piljinn wpgkjulughtt $nwnbh dhlish 5.5 &y
Eubpghugh nppaypnud: Ujtmhbnb winugdwsd ufjunblphg wowbdbwgitty bpubp,
npntp pudupupnid Eu hlnlyuy wwpfwip’ bjpnud mibikup tpbp thgpunpjwd
dmubhljbp’ 2 gpulwh b kY puguuwljub: Ugjiunwbiph pupnnipynip juyuotmd tp
tpwinid, np htwpunnp kb up puth inpnhdwh ubuybbp, npnbp fupng kb upowpiudp
ghuupipll npybu pp, ophtiml’ 7w, K*K™: Usjuunnwbipmd tbplupugyws k pmnp
Epkp  Yubwjibph  dwbpudwul mundbwuhpmpub phpugpp b wnwg)us
wipnyniiptbpp: Thpunmuy dnghjunnpiwi yhengny ipwpununpdl) & ghwnwtinpdp b
hwodwplyty wdjuy jubwibph hwdwp wpnhdwb hudubwluitn ey bbbpp: '

S | b wm pjm!

Zumpnwghlt $hghljmb munltmuhpbim hwpgnid punn Ubd ghp E uwgmd dkqnbuyghis
ngkwpnunyhwh: - Ujn  phwuqujunond gimsdwd  wnbindqwstphg Jkip pw
Eygnuinpljunh puguhuynipinibb k, hwinjwybu phph pupybbph whpnypnud: Oppnaly,
Yuwb Jh&wlltp, npntp skt hwinhuwimd pwpnbughb (3-pJuwplughb) ud dkqnbughb
(73) Jh&wlubp, uwyp mukh, whihuyn gqyminbughb pugunphs (ubtnuljwb gyninty):
Ldmbunnhy dhdwlubpp jubjuwntudt) b pyuinnughtt ppodnghbwdhugh wwppbp
Unniukpoud, puyg hunuly sk hupnbwpbpdt) ghnurginpdbph dudwhwl:

Uju wghrwinwipnud mnwugwd wpygnibpkpp Jumuunbh inp dngbyikph dwpiwbg,
npailig dhgngny htwpunfnp Yrhtth bjwpugplim tyqnnhly b jups wuypny dkqnbbkph
(p, w, ¢ b wyyh) Ynhkpkhn sShdwh ypnghubkpp:

Shumlwl tnpmpynip

:U'hqniml]hh yh&wlutph Ynhtptn sunudp dpgnyh Jpu: Upjuwwnwbpnid wnwghl
wbhqud mjjubbph kS pwquyh hhdwb Jpw, pwpdp tukpghwbbph wnhpnypenud
nuunudiimuhply B pp, T b KK qnuyghph Ynhbtpkiin $ninnstnudp nbjpnpnth Jpow:
Unugdly kb gpuig tipbpp b phdppkughu upudplbpp:
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Nwzwnuyubmppub biphugwging wpynibphbpn

Ubkqnuuyhtt  Jh&wlyubph nunufbwuhpmpymbip, wpohdwh  Yhns  juibugbbph
puguniul wounwbptbtpp, Ywubhyibph inytujubugdut gnpépupmgp, anyh
wolunmbpnd  yuihywd, hbswyhu twbh GEANT dhpuniw)  popdupwpuljoii
uwppuijnpuwh pYuyht ungbith dhgngn gkubipugius phy kpuyynighy yd - dpp, vd -
drtn b yd - dK*K~ nhwlghwikph kpkpp b Yrpdwdph jwhiwsmpioiup pp, ntn”,
K*K~ qoyqtph hujwphwinn qubqiubbphg, hnfowbqlué hiwniuhg b gpiwi 6
wbljmuhg:

Uubhwhmunippul junnigdudpp
Uphwwnwitipp Juqugws & ibpudmpintbhg, 5 qouatikphg, wdimhnubhg, hundbpméhg
b hnnudubph guiilhg:

Uohmnnwliph prjwitinuinipiniip

Lkpwdmpmb pudunid hwyhpd tbpjuyuglws b nbnkynpymiitp pimpput kg
wrjw  hpdbwpwp mdbph, wwppulwh  Jwubhyubph r}mum\lmpandhhph,
twubwnpuyybu hunpnitbph $hghjmljub phnipwgptph dwuht: Uyu pudhlib pp Uk
ubkpunnud £ iwb bbpluyugdus wplnwnwiph hhthwlwb byunwyp:

Urwghlt gymijub hp wkg tkpuend b yundwlwb wibwpy twhinpry ghnuhnpdtiphg,
npnlip hthd_ulb thi Ukqniuyght dhéwybbkph mumdbwuppmpputp, hudwphwin
qubqyush 2.02 3k b 2.2 @k whpnypnud: fipYws E, wyn Jadpkph l.lnrllfth I unyhx
wolwnwipnud unugyws wpynilipiikph hudblwnnudp:

bpypopn guout wdthngimud E TINAF wqquijht ghnnwljub jwpnpunanphuynud gnpéng
CEBAF gduyht wpwqugmgsh ufubdwhb U hhdbwlwb pimpwgpkpp, 3’ Hall-A,B,C
(inpwlunnyg Hall-D-u pugunjws) finpdwpwpulwi upwhikph wolunmbpuyhb
pkdhuh hudwnnn bljupugpnipinibp:

VY. I-nud wyunnbpgws b Shunwhinpdh phipugpnud gpgus duinbhlubkpp quuitigyly
CLAS'(CEBAF Large Acceptance Spectrometer) qhmhllumpnuf npn tht[nul l; Hall-B
thnpdwpupulub upmhnu[ Wy 1) ST e : Coont

a5 -




‘Lljup 1. CLAS ghwkljinnpp:

CLAS glankljinnph hpkuhg bbhphugugimd  dwqthuwlwb uvyklnpndbng, npb niop
Unin 47 dupdiught wlnih b gphpt wdpngempyundp Swsynud E thiigh aljunduntp 8°-
hg vhsh 142° gplwh whlmbwht whpnypep:
'}hmhl{mnpg‘pinqllmgmb t 6 dhutdwt dwquhuwlwb uybjnpndEwnp-ukljnnputphg,
npnbg p]'nfnm]ué b ufjwiutph hujuwpwgpiwb hwdwlwpgh pinhwinp t: CLAS-mud
dwubhyblph gpuugdwb hudwlwpgp pugjugus thtnbyuy ipwhwdwlwpgbphg
»  thgpunpwd wwppulwh dwulthyubph hbnwgdwynpdwh hwibhop wihpudbynw
qpwighshg (Drift Chamber) [7],
»  dwubhlibph boybwjwbugdwh, dwebujnpuybu  LEjnnpubbpp whnukphg
wnwppbpuyym hwdwp Yhpwmnn pupdp obdughb shpkulynfyub hwpdhsutnphg [8],
> phpujuhg nkuh ughtnhjughnt hwylhsubp wubhlubph pohsph duniwilp b
ughtnhjjunnpbbpmd  dwubhyh Ynpgpwd tubpghwb  yunhng  hunbuluipghg
(Scintillaticn Counters) [9],
>» hbntn unlhq dwuthlutp (e, y) L Wlmpnbbbp gpuigny hEjupudwquhuwljot
Yunphutanphg [10]:

Bppnpn qihumul Gkpluyingdud t CLAS/eg3 ghnunthnpdnp [11]: Uyh ppwlwbwgby k 2004-
2005pp, TINAF wqquijht ghinwljwl jupnpuinnphuih CEBAF (Continuous Electron Beam
Accelerator Facility) qdughtt  wpwqugmghsh CLAS nbhnbiwunph  Jpu:  Lpdub
ghwarhnpdod Yhpwm]ty b dhih 5.76 @8] wpuqug]us HEYnpntlbp wpghpulughi
Pnnntinkp wnwbuym hudwp: Uhph 55 @b Hubpghuyn] odnjwd wpghjuljughy
Swnwuqujpuiwl $nnnbbbph hmbgh puyky b 40 wl kpupmpiudp b 4 wd npudwgsny
quuitwdl, hinml nhpnkphnudm] (glwés phpuleh Jpw, npp nbnungmjws t kgt CLAS-h
wuwpfwbwlwb Yhinapntihg 50 wd wowg' thligh wnwbgph nunnmpyudp: Bikjnpninught
thugh hnuwbpp gty k30 uU: Ghinwhnpah pipugpmud CLAS-h winpnhnuy dwqihubikph
-6-

nugwnt uybughuht bk, np pugmuwljwi jhgpwinpus dwbhlybkpp hknwgphy khigh
wrmubgphg: Sphgbpuyht hwdwlupgh wohiwnby b wb nhwpkpnud, bpp CLAS-nmud
gpwtigyt) ki kpkp jhgpwnpwd dwuthyubp b hopdwpwpuijub B-upwhh $nuintiikph
thpunnpuwt hngnuynuynud " >4.5 Q& Lukpghuyny odumjwd Wjwqugnup dkY thpuninp
(tagged) $minnb: QGpwnuthnpdh phpwgpnud hujwpdly b 32 SR wdpuy, 4.2 Ujpn.
$hqhlulywmb nhupbp:
Onppnpn qumd bplwugiud b puquudunbblhl bped phd Epulymah
nbuiljghwhbph tnybwlwbwgdwl wpngbup: Sfubikph Wwldwh wnwghl tmymd
pbnpt) ki wyh ghwpbpp, Gpp Jkppbwlwh Jh&wynd welw b dty puguuwlub b
bpym gpulwh thgpuninpus dwubhlikp: Tphy tpulpmqp] ghupkph plnpkihu,
npyjbu }_unbmh}xg hpwnby kihgpuninpws dwuithyibph manubuwywg b Epuybwljub
huuynyubbph ywhywidwh opkipp: LY.2-mu wwnljlipjws t X P} Ywhwdmpmbp
¥ Pi-hg, npunkiy P, P} hunfwywinwujuwtupwp i-py dwubhyh rwswug pdymyuh X, Y
purunphsbkpb Bu:

‘Lywp 2. Lphy bpulymiqhy] 3-dwubhjuyhb JEpgbwlwb
Jh&wyutph myquhwyug hiuniuh puqunphsibph puhenudp:




U.3-nud wmnlbpjws 't pduymyuh X, Y puqugphyubph Gumup puglunidnyg $hnh

unwimupn  shymup b dhghth wpdbpubpp Ywhwws X P -hg: Yhpunbim]

vuhiwbugulnuibtp TP b TP Jpw U ogumgnpdkind Gwmuh $nibghunh
wwpudtnpbpp, plumlb) B phy pulymahy ghwyptpp:
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‘Ujup 3. £ P b ¥ P} hiynyuh punugphstbph hudwp Sunugul phnh
dpohth b wnwbmpupw 2hndwh Wwpwdtnpugnudp jujnjwsd
Epljuytwljub hdymjuhg:

Thwplph  inghwliwbwgdwbh hbnwqu  gnpdpbipugmd  hpurdk, t hdwynijup
wwhuywiimb opbhpn‘ P — E,=0, npunbin Ey-it puljuing $nwnnth tukpghwl E UY.4-nud
ubpluymgqws t ¥ P —Ey Yuujubmpmbn piyimg $nunnth tkpghuyhg wyt ntwpkph
hwilwp, bpp Yppumft; k30 nuhdwbwhwinud hdynyuh XY pununphytph Jpus
Llwbwnhy +36 vwhdwbwhwynud & gpdly 3 P — E, vuppbipmpiwhb gpu: Lwih np
tutpghwyh Wkq hwnnuppppny whpmypp Ey>4.5 @By E, huy uly.4-h uwnnphl Jwhwbwlnuf
wwulkpjwd tubkpghuyh dphoht wpdlphg sknmuitikpp  thnpp L 0.01 Gkd-hg (<0.2%),
muwh +3c nwhiwbwhwmd Yhpunkihu thtpghugh julduwbdnipnitp Fumuub
Uhohithg wbnbugty &

[y,
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‘Lljuip 4. Nunnlbpyud L dP, = ¥ P} — E, Yujs]wdnpymip Ey-hg, huynyuh
TRILY P} pununphytbph gpw +30 vwbdwbuhuymd Yhpunking hknn
(JEplh yuwuytp): Unnphb ajwpmd wyunnlbpgwsd hnd ghdt m jenwmghdp
Quniyub $punh yupudbinpph uuuinumpn gkgnud b dhoht wipdbp) -
gdught huakiph kb, npuybu miyghw tukpghuhg:

oy l!,-!t.-,ﬂ;“i“.ﬁ. ...........

Ujimhbtwnb, Jbwgwd ghypkphg phepdly B bpwbp, npnbp mbkgkp b
thnpdmpupuljub B-upwhh bppwdnplwh hngnunymu gpubgws gnbk UbY bhyunp
$nunl: UY.5-h dwl Juwhwiwlmd yunlipjws b dnnnbbkph phdp, wib glwpkph
huwwp, tpp X Pz — E, -h dpw Yhpumily £ +30 vwmhdwbuhwlod: Paywbu tplnud E,
ugb ntwpkph phip, tpp hwdpyil) Bb 3 hud wfthh downbbbp, jugqdmd k1 L2
dnumnbltpny  pmnp  hwdpibmdubph  phghwbmp  pdh < 05%: Zhnuqw
Upuymutbpnud wyn ghypkph winnbudty & Ugh ghupbpp, tpp bundpiijly &b 2
$nuintikp, Yuwqunmd Bi 1 pmwonbh hudpblinufubph phghwibnip ghopkph 10%:
Ujtinrundhinypy], wibhwpn &, np 2 $nwnnbh hwdpbinfubpey oquwlun gtwgpkph
pwhwlp stsht b Uw wuwwnlbpjws kb wpfus UYS-h we Juwhwbulmd, npuby
oquuijup nhypbpp pubwlp 2 nuunbh hundpljidwh nkypmud gnyg k npluwd 3-py
uminslnud:




i

W’r ]
1 i i 1. -—3 1
ECE ] 24 6
# maiohsd phatons Coss ¥

Lup 5. ¥ P} — E, ypw npwd +30 wuydwhb pujwpupng
gpuibgjud $ninnbibkph php (Awju) b hudpbybing 1 fud 2
$nunntitbph hunfwp phqhljwlwl ghyptph phip (wg):

Uwubplitph nybwljwiugdwl wprgbumd ghpepnbh phibtwdmbkpb phupbm
hundwp Yhpumik; & dh gupp ﬁmhdmh@tbmﬁnﬂhhp: Uunbwynpuwby, ny juhun
umhfwbwhulmd  quwiqudh pupwlmum, ughunhpughnb  hwpfhybbpmd
tukpghunhl Ynpouunbbph, hyubu wh «ququph dudwbwlhe (vertex time), wyuhbiph
dudwh ququiphg dhiish ughtnhywghnb hwphytbkp (SC) pjwd dwdwbwlwhwwngmsh
ypuz (L6, 7):
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Lljup 6. Ughtunhpughnt hwoyhybibpnud nhijapnuh phlijiwbdmikph
hwdwp Fubipghuyh Ynporunitkph pugjududmpinip Yuaws:
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‘Lljup 7. (Awjuhg wg) Hepunpnbih phljiwbdnibkph hundwp gquguph dodubuyh

purofududbnipinitip npujtiu pociyghus piwnyuhg: Yhpehtibu wwpunibmpw-
gnulp Gumuwi phubph wawbnupn snnudnyg b dhehtng: -

pp, n¥ ™, K¥K~ Jtpghwljmb Jhduljibph bnybwlwbgdul hwdwp, npuyyku
hh'twlwb hhtkdunnhly vuhdwbwgruynud Yhpue)iy E Ebtpghugh yquhdwinwh
opkipp: €2qphn inybhwlwbugdud jmpwpwbymip ghuyph hunfup pun tukpghwgh
wuwh'lwinfuk optbiph, hpphwlub b uljqpinwlwi Jh&myubph phy thpghwbkpp
wbanp k (bbb hujuwuwp.

AE = 5P+ my-X [P + M2 = 0 )

npuky, my -p phpwjuh ghpapnth quhgfwst E M; -0 Jepshwlymb h&whh i-pn

- dwutthyh qubqust k, huy Pi-p ybEpobmlwh dh&wyh 3 dwubhyubph hiynyuh z-

purunphst t: Eibpghwibph AE wwppkpmipmbp wwnwgdly b dpp, dntn”, dK*K™
Jtpobwlwt Jh&mbbkph hundwp: AE=0 whiyp hwdwgunuujuwbnd b 'z'{qubm
JEpptuwh Jp&wlubphi: LY.8 (w, p, g)-nid wuwnyhpydws b hudwyjunnuuuwbuwpup
dun*n~, dK*K~ b dpp kppbwlwh Jh&wlbkph AE puojujubnipnibbpn: UY.8-h (w)
Jwhwhwlnw! hunwy whip bufugunuupomwbmd b defa Jippbwlui ¢h&whhb,
huy qpwdphh uwwenpht wp hwujwdnud whhh «aynyps hudwyunwupooind &
dwubhlyhtph ujwy tnybwywbwgdubp, npp hhdbwjwinud guihu k yd - ppn™
ptwlghuyhg: LY.8 (p)-h whyp AE = —0.1 ¢k whpnypmd budwuwunwuhmbinud £
dn*n™ Jkpphwlwb Jh&mbhbphl, b wyb hnbwlp b qubqiumbh purulmunt dpm
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Yhpwrdws ny Juhun  uwhdwbwhwymdbbph, oph  dudwbmly dK*K™ -hb
hudwyywinwuwbng whpnypp dwuwdp Swslyyk) L dotc™ whpoyeny: <hpp typdws
Jtpghwlwb nkwhghwibpb phpkm hudwp VY.8-h pmnp 3 puppujudmpimbbtph
Jpw Yrpunyt) k 36 nwhuwhwhuljnmd ~0-h uihlh gnipgp:
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Lllmp 8. Bubpghuyh ulmhuluﬂnhnh opkliph Yhpwnridp hunIuJulmmmu]umhmpmp
mtn~d, KY¥K~d L ppd 1phy kpulymagpy JEpghiuljmb Jh&wlutph hwdwp:

Uju gijunud hhpllm]iugilmb' ki wbt GEANT Unhtnh—‘{ulﬁln plughtt  Unnhpuynpulwb
uhgngm] qhubpugiws |phy tpuhpmghy yd - mw*nd, yd - K*K~d L yd - ppd
nhwlghwibph nbypkph Jepnidnipjuh wpymbpttpp (CLAS‘I‘I hwdwp qpws GSIM,
Geant Unnkyunjnpiwh Ynn):

Uqtih puite 10 )b nhwphp Bu gbibpugdy thnhz_]ml phwlghwtphg mpupwiymph

hunfwp: Ujbnihtwh oqurnugnpstyn] GPP (Geant Post Pocessor) L RECSIS (Reconstruction .

System) bpwgppp @ hwodh  webkiny] gqhwurhnpdh  huwwl  wugdwbikpp,
hulwyunuuiwbwupwp Jipulwubeinty Ba ghwpkpp: VY. 9, 10, 11-mu wunnlkpduws
ki dnghjunnpiut b ghviwtnpdh wpymbpnud uvinwgyws t- hnfuwigdws punwywth
hiynuh  pwrwynum b puduwphwinn  quiqush  Yuwhwdmpimbbbkph
hwdkdfunmpmibtipp hufwuwunuupwbupop wn”, KYK™ b pp  Jbppiwljwb
AUb&wlubtph huwdwp: VY9, 10 b 11-h wy Jwhwbwynd wwinjpjws htjuphwin
.thqlhnbhhph whybkph wwppkpmpmbbbpp hbnbwbp & wyb pwlh, np gbygptph
qhhﬁpmgthuh dunfwinunl ny Wh hwinmly nhiundhljw, hiyyhku twl pkqniwbulip fud
Kutpghuyh Ywjujudmpimiu sh dwngll), puguempjudp thnipught mmpl.ubm.p]mh L
wpghjwluyht thigh Kukpglwnhl vwklunph:
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Lhup 9. Ghununhnpdh nfjuyikpm] (Yhnbpp ujuubtpn]) b dngbjuyaplub
uhongn] Jtpulwhqinjwd ntwpbpay (Yhwnbpwgdtp) wnwgms th b
htquphwinn qubqiush puplimufitph hudbdwnnudp jphy tpulpniqhy
™ d Ykpohwlwmib Jh&wljutph hunfwp:

o l el
i“ "3 _l,_
-

ey WY i A i -.i sd:- CTS

" a8 i 15 2 25

¥ 18
41GeVD) MK R ) GeV)

Lhwp 10. Ghwunhnpdh ndyujbibpng (Yhnkpp ujowjibpnd) b dnghjpudnplub
Uhgngny Jkpuwlwbqinjws nhwpbpny] (Yhnwgskp) winwggws t-h b htwJwphwinn
quiiqush pwpunidibph hudbdwnmup |phy bpuljpniqhy K*K~d JEpgtmiwb
Jh&wltbkph hwlwp:
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Lhuwp 11 Ghuuwhnpdh infjujbkpm] (YEnbpp vpwbtpnd) b dnpbpognpdob
Uhgngny Jipwlwbqiud nypipm] (GEnwgdtp) mnwgdws t-h b pujwphwing
quiqudh pwplimudubph hwdbdwwnuwip jphyd tpulyymghl ppd hppluluwb
qll&mllhlhplx hunfwip:

L. 12-nud wpunnlbpjwé £ ghnbkljonph gpubgiuh phjumbwimpimbp jupnjws
qnyqtph htnjwphwing qubqywshg: Spws hinjwphwing qubqiush phypnid, wouly
ptpl dwubhljubph qnyqtph hudwp piljumbwympmbt wybh d6s b, pub swbp
dwubhljubph hudwp hbywba b whbwpimd b, pwbh op CLAS-h wnwgbuyhh
whpnyepmu gpubgdmb puljum buljnipinibp pudwlwihb ¢inpp
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Lljwp 12, Ynhbpktnn kpbip nbwlghwibkph hmlIﬁlp CLAS-h
puljumibnulnipinibp npybu $mighw gnygh hjwphwing qubiqiwshg:
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Zpughpnpn qilund Ghplupugdws b, K*K~ b pp qaygbph’ gpnkphnudh phpwluh
YJpw Ynhtiptitnn $nunstidwhb nhdbpkughuy inpjuwdplbpp, npybu dmilyghe qnygh
hijuphwing quiqushg M(h*h™), thnjuwbgjus punwsunh hiynuh pwouyniumg
t b qnygh quiqjush YEnpnbh hudwijwpgnid npuijub dwuthyh gpdwb widgmbhg
cos O¢y: Lhpnijuy mpupwbymp Yhtbdwnhl hnhnfuwljuth bodwp ghptpbighug
Yupguspp npngdhi kapuyk % = -L'-';l *n, npnkn 0j-t wpdwd tkn inppmypnud ftupkph
rhyt E -0 ghunkljunph pijumbulmpmblb b, L-p muungmpymbit &, hul g-b
uppqbpuyhtt hudwhwpgh pbjumbwimput ogpiub - gopdulhgh b
Lntumunympyniip hu:znluriﬂﬂhl kE wpjwd 4.5-55 Gy tukpghnhl] wppnypnd
puljuny gnudwpught $nunntwghtt Ny hnuph b phpwjah dhunnp dwykpliuh dhgniljukph
pUh vhgngny L= MP‘;—]& : Ujn wphiunnwbph phpwgpmd tjuwmjtg punjulymbhi
htwwppphp vh hwuwn. fijuphwinn quiqiush 2 38y-hg ipb piljwd whpaypm, pp
qnugbph stfwb hwjwiwlwbmpnibp qpbpt tnybb b (bnybhaly Giopp hty oGS B) hig
w1~ qoyghph hwdwp: U thwanp bu gnyg b owpdus V413-mud, nph hplitthg
uEpljuwyugned 5% nhbtptughu Yropjwdpp npybu $myghw pninp kpkp Ynhbpkion
Yulbunpm} qnuqlph htnjwphwing quibqwshg:

=
<

=
i

duidM (nb/GaVv)
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Lhwp 13. Mgupnth Jpw wtw, KYK™ b pp qnyghkph

Ynhkpkinn $nunnstidwt nhdtptiighwy Jupjudpp jujuedus

qnugh hinjuphuinn quuqiushg: Yinpgubphbkpp wnugyky

bt $mantip 4.5-5.5 9y tubpghuihl inhpnyph hunfup:
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U papjujwdmpmbbbpp phpdwd &b UR14 0 URI5-nud: Lhwpbbph dwfu

Yuhwiwynid wunnlpwsd -t b cos Oy Yuhnjwdnipymbubpp phpdus kb hinJuphwtin

quibiqubh 1.9 ¥k < M < 2,5 QF1 whpnyph hwiwp, hulf wyg Juhwbulnuwl’ 2.2 G <

M <23 QR -Ly.14-h Epiym Jubwbwbbbpnw wuwbbpud pp-h pupfumdbkph

Ytwbpp dhun kU wpyly Ynhbkpkin Shdwbp punpn? tpuwynbkiughwi $oibghuyny, npp
_gbwgph Ypw wunnytpgus L YEnmugdtipm:
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Ljup 14. Mpnpnth dpw pp (nuwnwply opewhbwlbp) b ot (bbkpyws opgwbmlubp)
Ynhtpbin pnundinfub phptpbughun Yupjwdpp Yujuduws hojowbglud hdwynyuhg: 2wl
dwumy wunnljkpdwsn quugh htuphwinn quitqiwsh 1.9-2.5 Gk4 whpmyph hwdwnp L, huly
wonu!’ htwphwhin quiigush 2.1-2.3 Gky whpnyph hunfwp:
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Ujuwp 15. hpopnbh dpu pp (quanupl spgwbmlitp) b T (bhplpjwd ppewbmlibn)
ynhbpbtn $nunndudwl nhpkpbughwy Yupjuwdphbpp jujujwd gpuwb dwuhyjh gpdul
whljnithg: Qufu Juumd qmmlﬂ:ptlmbn qnuygh hijwphwinn qubqudh 1.9-25 Qky
wnhpnyph hudwp k, }ml{ ‘wenul’ ]11111u1p]1u111m quuqubh 2.1-2.3 Gk wppnyph hunfup:
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U 15-nuf wyunnlbpdus puphinifubpp bhun b wplky f=a +b- cos Bcm + €+ SinBcu -
cos Oy + d - cos? By Prrtijghuyny: Ugu pnibijghuyh a, b, ¢ b d gnpdulghgtiph pluyh
wpdbplitpp phpjws th hwdwwywwwunubupup Uy.15-h pwohnjwdnipniukph
Jwhwhwlph Ypus: cos Bcy = 0.9 Yhnkpp skb ikpum]ly $hnp ubg:

Eqpuljugmpmb

e Upluunwipnuf dwbpunfuub’ dkpyuyuglus t pp ‘puphnbwihtt  qnugh
wnpnhyng ukqnirayht Jh&whubkph nunwliwuhpmpniip, upiyl 55 Gt
Hukpghuyny odinjub wpqkjuijught fmnuquypiui $nunnbititiph thigm:

e  Uwugdly L pp qnugh Ynhtipting pnnndinimi jphy Yupduspp qh]mhp]mu[}x
phpuluh dpw, CLAS ghwkiwunph gpubgiuh l:qil)hllm]u]_mp]mh whpnypnul

o =0.68+0.061 wp: |

¢  Uwbpuypyhin nrunfwuppyby ki ponp hpungnp Jubuwybtpm] hwnpni-
hwlwhwnpnt qnygkph Yohkpkin dnunnbdtuiuh nbwyghwlbpp:

o 2ufny b yd-mwtad, yd—K'K"d nbulghwibph nhptpkughuy
Yupywbpubpp, bhubwljwb shoup nukny vwuyb yd - ppd nhwyghuyh Jpu:

¢  Uplwwnwbpmd tbkpjuyugus pp  Yhdwyukph wpnhyng dkqniught
Jh&ujbkp sk bjunm]ty (VY. 16):

1 -

1 Wii f*i* m
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Lup 16. ‘Yspapnith ypw pj qnygh Ynhkpkinn prnnstufwb
nhbpkghun Ynpdwdpp Yujulws qnuygh hinjwphwing quiigywshg:
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¢  bujwphwinn quiqiuésh 2 3Ey-hg Jhph plljmd whpnypn, pp qnuyqkph
st hunjwbwlwimpynibp gplipk tnytih £ (bnylhul thopp hiy UGS B) hby
™ qoyqhph hundwp:

e  Uju dwbpundwul Jipmdmpmup pmyj) unn pugunnply §nhtiptn Sdudwl
Ubluwthqup:
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Korepenrroe doropox/ierse DpoTOH-aHTHIPOTOHHBIX IIap

Ha Jlelitepnesoit Mmumenu Ha getexrope CLAS

Pesome

B amccepramuonoil paboTe mNpejicTaBieH JeTANBHBI AHAIHS Mesonﬁmc
COCTOAHMIA, PaCHaZalomMXca Ha PP GapHOHHYIo nmapy. AHamus Gppr npose,uén H3
SKCTIEPHMEHTAIBHBIX AAHHBIX, TIONyYeHHbIX Ha Aerekrope CLAS ;(CiEBA.F Large
Accelerator Spectrometer) nuneitnoro yckoputens CEBAF (Continuoues Electron
Beam Accelerator Facility) ma6oparopun ¥m. Tomaca l[)Ked)gpepcoﬁa; (TINAF,
CHTA). B yrasaHHOM 3KCIEPHMEHTE, 3JIE€KTPOHEL, YCKOPEHHEIE ,;:o 5.76 I'sB, dpnn
KCIIOJIB3OBRHHL ZJIA TMoixyieHns MegeHsrX (oroHos. [Iygox ¢oronor TopmosHoro
M3TyueHHsA ¢ dHeprueit po 5,5 I'sB nopmamanca ma 40~ caTHMMETPOBYIO JXKHMAKO-
JieHTepHeByI0 MHIIEHb, PACIIONONKEHHYI0 B 50-TH M OT HOMHHAJIBHOTC LEHTDA
nerexropa CLAS. Tpurrep cpaGaTeiBa NP /IeTEKTHPOBAHHM TPEX 3aPAMKEHHEIX
TpekoB B fierekrope CLAS u, o MeHsineii Mepe, ogaoro GpoToHa ¢ sHeprueii 4.5 ['5B
B TOOCKOTE MeYeHHEX GOTOHOB 3ana B.

Hayganocs KorepentTHoe GOTOpONKEHYE Ha SeiiTepyH AZPOHHEX map pp, whr, KK
, C OCHOBHBIM 3KIIEHTOM HA BO3MOXHOE PO’KAEHME H PaCIaj, ME30HHBIX COCTOSHMA
Ha PP napy. IlpeuMymniecTBO KOrepeHTHOro POXKAEHHA PP HapHl HA eHTePHH B TOM,
9TO B MeXaHH3Me ODpazoRIHHS HET HWKAKOH HeONpe/ieIeHHOCTH, TOJIBKC OFHA
JuarpaMma Jaer BKiax B npomecc. OrGop coGbITHI, COOTRETCTBYIOUHX
uHTepecyromiel Hac peakumu yd—hth'd', rae h - poxaéunsie agponst, a d' —
Jile#TPOH OTAAYH, NPOBOJMIICA B HECKONEKO 3TanoB. Ha meprom atane orGmpannce

COGBITHA, Y KOTOPBIX B KOHEYHOM COCTOSHHM HPHCYTCTBOBAMH JiBE NONOKHUTEIALHO

¥ OfHA OTPHUATENBHO 3aPAXEHHEIE YacTHUEL B xavecrse ojHoro ms Kpurepuen

or60pa GEUTO HCIIONB30BAHO COXPAHEHHE TIONEPEYHEIX H IPOFOISHOID KOMIOHEHT

BEKTOpR TPEXMEPHOTO HMITYAbCA, XAPAKTEPHOE JIJMA KWHEMATHKH IIQJIHOCTHIO

IKCKIIO3UBHOTO KOHETHOTO cocToaHus, B npoueccé HUAEHTHOHKALMM YACTHIE, 1%

TONHOH OYMCTKM KaHAMAATOB Ha JieiTpoH, G5UI MpuMeHeH psp, obpesaunii: craboe

ofpesaHue MO KBaApaTy Macc, 06pesaHue HA ‘BEPIIMHHOE BpeMs' ¢ MCIOB30BAHHEM

BpEMEHH IIPOJIETa OT BEPIIHMHBL OGPEE!OBHHHJI A0 CUMHTHAALHOHHBIX CUETYMKOE,
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obpesanne Ha SHepreTHIECKHe NOTePH B CHMHTRIALMOHHBIX CIETIMKAX. 3aTeM, H3
OCTABIIMXCH COOHITHIt OTOMpaEMCh Te, .y KOTODEX HMEJCA ¢dorox,
3aperecTPHPOBAHHBIH B TOJNOCKOME MEUEHHBIX doroxos 3axa B » npefenax 2 Hcex
OT COGBHITHSA, 3apPETMCTPHPOBAHHOIO B JIETEKTODE CLAS. Bruim Taxoke W3yqeHsl
doHOBsIE peaKIuK yd—mrd, yd—KKd'. )

PeaynbTaTh JAHHOM pabOTEL GHLIM TOTYI€HBI DA 3YIeHHM COCTOAHHH, KOTOPBIE
MOTyT CIOCOGCTBOBATH BBISBNIEHUIO HOBBIX mopeedi, KOTOphle, B CBOIO Odepezp,

{03BOJAT OGBACHHTS MEXAHM3M KOTEPEHTHOTO poXenus, Jta paGora MOXer GBITH

XOpOIMM ITyTeBORHUTENIEM LA CTyReHTOB, KoTophie SyZyT 3aHHMATHCA aHATH3OM
JAHHEIX SKCKAO3HBHEIX MHOTOYAaCTHYHEIX COCTOSMMIl, Ha OCHOBE TOIOJIOTHH H
KMHeMaTHMK¥. Pe3y/iBTaTsi JAHHOTO aHaN¥3a GEUTY TIPEJICTABNCHHEHL HA ceMMHapax B

Ep®Y u ET'Y, a TaK )k€ Ha MUTHHTE xonnaGopaunu CLAS .
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Coherent photoproduction of proton anti-protn pair

on deuterium with CLAS

Abstract

In this work study of a possible meson states that decay into baryon pp pair is
presented. The presented here CLAS/eg3 experiment was carried out in Hall-B at
TINAF (Thomas Jefferson National Accelerator Facility) on CLAS (CEBAF Large
Accelerator Facility) detector. The electrons were accelerated to 5.76 GeV in the
CEBAF (Continuous Electron Beam Accelerator Facility) machine and were used to
generate tagged photons in the CLAS tagging system. The bremsstrahlung photon
beam with up t0 5.5 GeV energy, impinged on a 40 cm long and 4 crn diameter liquid
deuterium target positioned 50 cm upstream of the nominal' CLAS center. During
the experiment about 4.2 billion physics events, 32 Tb of raw data were collected.
Events in CLAS were triggered for readout only if there were three charged tracks
in CLAS and at lcast onc photon with energy > 4.5 GeV tagged in the Hall-B photon
tagger hodoscope. The beam current was 30 nA.

In this analysis, coherent photoproduction of hadron pairs, pp, w'm, K*K- on
deuterium was studied with main focus on a possible production and decay of a
mesonic state(s) to pp. The reaction of interest is: yd - h*h~d’, where h is the
produced hadrons and d’ is the recoil deuteron. In the proposed analysis, pp pair is
produced coherently on deuterium and there is no ambiguity in the production
mechanism and only one diagram will contribute. The analysis has been performed
in multiple steps. The first pass of the analysis selects events with the criteria, that
the final state of interest contains three particles, two positively and one negatively
charged. One of the kinematic constraint of the fully exclusive final state,
conservation of the transverse and longitudal components of three-momentum
vector, has been used. In the particle identification process many cuts have been
applied to clean the remaining sample of deuteron candidates: loose cut on m?, cut
on vertex time calculated using the time-of-flight from the production vertex to the
Scintillator Counter (SC), energy loss of tracks in SC paddles as a function of the
track momentum. Then, from the selected sample, events that had one matching
photon tagged in the Hall-B photon tagger within 2 ns of the detected event in CLAS
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has besn analyzed. The final selection of events was done using the energy

difference between the initial and final states.

The fully exclusive final states, yd » ppd, yd » n*n"d and vd - K*K™d are
analyzed, and the cross section have been extracted. The integrated total cross
section for pp production in the acceptance region of CLAS is 0,068 * 0,061 pb.
With limited statistics, no resonances have been seen in the invariant mass
distribution of pp above 2 GeV after acceptance corrections. Similarly, no unknown
resonances seen in m ™ or K*K™ final state.

Most importantly it turns out that the pp production rate is almost the same, even
slightly higher, than production rate of n¥n~. We consider, it might be that photon
diffraction is not just to 3-q and 3-, but to combination of di-quark pairs and qq.
This new detailed analysis of meson states would encourage to find new models,
which in his turn will allow to explain the mechanism of the coherent production
and will help to differentiate between different models.

These results are represented on seminars in ANSL and YSU and dunng the CLAS
collaboration meeting.




