HosocTtu aByxdoToHHOR duzmkm.

MKununy B.H.
Vicnonb3oBannce MaTepuasbl U3 AOKI3L0B HEHOB Kosiabopauun
Belle, BESIII etc.

28 aBrycta 2026 r.

BblesgHoe cobpatnue "uckyccmonHoro knyba" 2026
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HanomHuuTb, 4To Takoe/noyemy/3avem st 4ByXPOTOHHOW PUBUKY.

0630p Tekywero coctosiusi no U3YHEHUK) pByxdoToHHbIX npoLeccos.

BeepgeHue:

YTo Takoe ABYyxdOTOHHbIE COBLITUS?

TarrmpoBaHue paccesiHHbIX 4acTuL,.

DKCKI03NBHbIE/ ABYXHACTUYHbIE NPOLLECCHI

|/|3yHeH|/|e C—HeTHbIX PE€30HAHCOB, 3KCK/IIO3UBHAA U NHKNO3NBHasA MObl
NHknto3meHble npouecchl. NonHoe cevyeHnne poxxaeHusi agpoHoB

MamepeHne cevenunsa vy — hadrons

VlsyquVIe TOMOJIOr NN MHOroaApPOHHbIX cobbITUiA B ABdeI)OTOHHbIX npoueccax
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Y70 Takoe ABYX(POTOHHbIE CODLITUSA?

970 He ete” - yy,ayy—X
WAW, CAN Mbl FOBOPUM O BCTPEYHbIX My4Kax,

ete” — efe y*y* wete” +X.

b MOBUTPOH
— > 4
b
571EKTPOH

[OeyxdoToHHoe B3aumogeiicTene e e .

DHepruto BUpTYyasibHOro hOTOHa 1 Apyrue

. napamMeTpbl POXAEHHbIX HaCTUL, MOXKHO
OpHocboToHHAst aHHUTUASALUSA € e - ,
HaiiTm no chopmynam: w1 = (|p1| — |pil),

ai = —|pl|pi|¥i — O(m3),
W(’Y’y) ~ 21/(4)10.)2
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OcobeHHOCTY U3y4eHns ABYX(OTOHHbLIX NPOLIECCOB

[MockonbKy Mbl M3y4aem 7y NPOLECCHl Ha Koaliiepax, TO Y HaC OCTalOTCs
Ha4daJibHbl€ YaCTuubl, H4alle BCEro e+e_. B 3aBNCNMOCTHN, KaK Mbl C HUMU
obpallaemcsi, BbIGENAOTCS HECKOIBKO MOAXOAOB K aHasM3y, Ha3blBaeMbIX
ModaMn:
@ No-tag moga. Ha vacTtuupl nydka (ycnosHoe HassaHue - Scattered Electrons,SE)

He obpallatoT BHUMAHUS.
CobbiTusi oTbUpatoT No npusHakam:
o [NonHas sHeprusi B feTekTope 3aMeTHO MeHblue 2 x Ep; m [onepeyHbiii
umnynse man Py < (0.1 — 1.0)GeV.

@ Anti-tag moga. CnegsT, 4Tobbl octaBwuecst SE He ocTaBuin oTmMeTKu B geTekTope,
OrpaHMYMBast TEM CaMbIM WX NOMEPeYHbI nMnyabc, “saxnmat’ < Q2 >.
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OcobeHHOCTU U3yyeHUs ABYX(DOTOHHbBIX NpoLEeccos-1

@ Single-tag moga. Ogun SE nonagaer B feTeKTOp 1 y HEro U3MEPSIETCS Yroa u
SHeprus. JTO AaeT BO3MOXHOCTbL bosiee To4HO onpeaennTs Q u gaer
BO3MOXHOCTb KUHEMATNYECKOW PEKOHCTPYKLMN.

@ Double-tag moga. Oba SE nonapatot B getektop. 910 no3sosisieT NoaasuTh hoH,
paboTtaTb ¢ missing-particle B ueHTpanbHoil Yactu n nsmepaTte Q1, Q.

rlocnep,Hee NOJIE3HO O/1A Teopun, T.K. 40 CUX MOP MJOXO U3BECTHO,

akTopusytoTcst in hopMpakTopbl YY-MpPOLECCOB.

o [lns tarruposanHusa SE yacto ncnonbsytoT Topubl AeTeKTopa, npu
5TOM CTaTUCTUMKA cpa3y nagaet 8 nx* (10 — 100) pas.

@ JInbo genatoT cneymann3nposaHHble getekTopbl SE, KoTopble fLOMKHbI
perncTpnpoBaTh MX HavuMHasi ¢ Manbix yrios Boineta ( EFC -Belle),
BnoTh fo Hynesoro yria ( MA-1, KE[P).

@ He o4eHb Becesblli NPaKTUYECKNIA ONbIT NOKa3bIBAET, YTO
cneynann3npoBaHHble CUCTEMbI BCTpeYatoTes ¢ bonbwmmn
npobsiemamu, KOTOpbIE CyLLECTBEHHO YMEHbLIAKOT UX NMOTEHLMASIbHYIO
BbIFOAY.
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Y70 Takoe ABYX(POTOHHbIE COOBLIT

@ B kauectse cuctembl X MOryT poXAaTbCsi Napbl €MNTOHOB/Me30HOB/6apnoHOB,
C-yeTHbie appoHHbIe pe3oHaHcbl n apyrue MHoroagpottsie (Nhagr > 3) cuctemsl

@ CeueHne poxaeHusi map JIENTOHOB MOXHO paccHuTaTb B pamkax QED. H1obbl
BbIITU Ha ypoBeHb To4HOCTU 1% TpebyeTcs KOPpeKTHbLIN y4eT pag.nonpasok, 4To
BO3MOXHO, HO, MOXOXE YTO, Majlo KOMY UHTEPECHO.

@ [Ins appoHHbix cuctem Tpebyetcs npumeHedne QCD B 06nactu HU3KUX SHEPT WA,
rAe He CyLeCTBYeT HaAEXHbIX METOLOB BblYNCAEHNT

@ B pamkax MeToaa 3KBNBANEHTHbIX POTOHOB MOXKHO paccHnTaTh OyHKLMIO
ceetumoctn L(W) Takyto, uto o(e*e” — ete™X) = [Z2% L(W)a(yy — X) dW.
MepecunTbiBas 0bpaTHO, Mbl MOXeEM FrOBOpPUTL 06 M3MepeHun ABYXAPOTOHHOroO
ceveHnst

@ Ecnu cmoTpets bonee getansHo, TO pasfioXKeHre No Nonsipu3aunsim
B3auMogelicTByowWwnx hoTOHOB ( MPOAO/bHAS 1 MOMepeyHast), MPUBOAUT K
NOSIB/IEHNIO a3UMYTalbHOW aCMMMETPUIN A5t POXKAEHHbIX YacTul. B nocnenHue
BPeMsi, 3Ty 3aBUCTUMOCTb HA4YMHAKOT W3MEPsTb/MCNONb30BaTh ANs aHann3a
[BYXHaCTUYHbIX CODbITHT

@ 5l pacckaxy 0 JOCTYMHbIX 405t U3yYeHnsi Ha paboTatolmx Konnaigepax npoueccax
B paHee NepeqncieHHOM Mopsifke
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[1ByXpOoTOHHOE pOXAEHME Nap NENTOHOB

@ Ceyenue npouecca ete™ — ete™ 4+ uTpu™ npu Ep = 4.7 3B cocTasnsieT okoso

60 H6, a eTe” — ete” + eTe” B 100 pas 6onbuwe. Mpasaa, 99% porkAeHHbIX
ete” ynetaeT BOONb Ny4ka M He perucTpupytoTcs getekTopom. [losTomy mocne
PEKOHCTPYKLMN TPEKOB KOJIMHECTBO OBOUX NIENTOHOB MOYTY OAUHAKOBO.

@ V3yyeHne 3TUX NPOLECCOB BaXKHO/HEN3BEXHO ANs aHanm3a ABYXOTOHHbIX
cobbITuii

@ [laHHble npouecchl Cny>kaT A5 KOHTPOS UHTErpanbHON yy-CBETUMOCTH,
acppekTUBHOCTY feTekTopa v T.4. Monck no nybnmkaumsiM nokasas, YTo HUKTO He
noJlyyas To4HocTb ny4we 3-5%

@ B pabote! Hawnx konner us Muctutyta MaTematukun yTBepKaaeTcs,, 4To
BO3MOXHO HabsofeHne 3apsaoBoi acMMMeTpUM B 3TOM Npolecce 3a cyeT
nHTepdepeHunn ¢ TOpMO3HOIi anarpammoii. Bonee nntepecto Habnogerune
aCUMMETPUM NPU POXKAEHUS Napbl MUOHOB, HO A/l STOr0 HEOBXOANM WHTErpan
>100/ 1/n6. AcuMMeTpusi BbIpaXkaeTcsi Yepes MUOHHbIN hopmM-hakTop 1
crnpanbHbIii amMAAnTyabl npouecca Yy — 7hr™.

@ KakeTcsi NHTEpPeCHbIM N3MepUTb MPOLECCHI C peasibHbIMU pag.nonpaskaMu Tuna
vy — w Ty (npouecc o), KOTOPbI HUKTO elle He U3Mepsin

Y1.F. Ginsburg et al, Eur. Phys.J. C (2001)
-



PoxaeHne afipoHOB B ABYX(OTOHHbLIX MPOLIECcax

Two-Photon Collisions and QCD/Hadron Physics

Hadron production from collisions
of virtual or quasi-real photons

e Perturbative/Non-perturbative QCD
hadrons ® Hadron/Photon form factors
e Resonances

Wide energy region and various physics aspects
can be studied simultaneously.

Incident photon -- dominated by quasi-real photon
Q*=|g? <0.001GeV?
No-Tag:
with p,-balance requirement, |2 p*, (hadrons)| < 0.05 - 0.3 GeV/c
Q2<<W? W=W,), Q2<<E2QCD
(UUY) [ s.Uehara, KEK, GPD2010, Trento, Oct, 2010 5
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PoxaeHne afpoHoB B ABYX(OTOHHbIX MpoLeccax-1

Meson-pair production and QCD

Low energy High energy
Meson Meson
:i( quark
Meson / Meson

High energy Brodsky and Lepage
Perturbative QCD approach  Predicts...

for exclusive meson production Scattering-angle

@ Works with refined form factors (of )
S.J.Brodsky, G.P.Lepage, PRD 24, 1808 (1981) OIF TG
M.Benayoun, V.L.Chernyak, NPB329,209(1990) distribution’

Kroll, Diehl and Vogt Energy -de'pende.nce
Cross section ratios

Handb del
ancogs moce under SU(3) sym.

with soft hadron exchange

M.Diehl, P.Kroll, and C. Vogt, PLB 532, 99 (2002)

M.Diehl, PKroll, PLB 683, 165 (2010) S.Uehara, KEK, GPD2010, Trento, Oct.,2010 3
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[1ByxdboTOHHOE poXKAEHVE Nap 3aPsSPKEHHbBIX ME3OHOB U

baproHoB.

@ Ceyenuie poxgerus nap m, K n p npumepHo B 10, 100 n 1000 pas mMeHblue, Yyem
ete” —wefe +putu”

@ B 0630pHbIx paboTax n B aHanM3ae UCNOML3YIOTCS faHHble HabpaHHbIE Bce ewd
ARGUS(280 1/n6) , LEP, Babar(470 1/d6), Belle (100+-700 1/¢6) n
BESIII(20 1/¢6)

@ Mpu Wy, >~ 3 3B ecTb pasnnyHble MOLENN, KOTOPbIE MPEACKa3bIBAOT
3asucumoctb o(Wyy) ~ W™", n nossonstor oueHuTs

n ~ (6(meson) — 10(barion)). B akcnepumente n =7 <+ 15.
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[ByxdoToHHas dpusuka Ha Belle 1 ARGUSe

* Markll 7*m™

* Belle

fag1o

®* Belle 7m°m°®
* XBall m°m®
E
5 2
5 :
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T s 5
% )
3 5.0 4 .
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3 o
< 21,
M 1o ~2 ..
+ ]
La REE
£ 1 ﬁ: \ ': \—\
»
0 L/\j\——\k

115 2 25 3
W (GeV)
Viamepenus ceuenusi npoueccos vy — ' m, KTK™, K°K®, Ha petextope Belle
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[ByxpoToHHOE poxxaeHune nerkux C-4eTHbIX pe30HaHCOB

@ CeyeHve poXkaeHNs pesoHaHca nponopuunoHansho (2J + 1), /M3 rae J—cnun
Yactuusl, Mg —macca. [lsyxdoTonnast wupuna [y = [ - Bry, MOXeT ObiTb
paccunTaHa B pamMKkax pasfiniHbiX MOAESNENR, OHa 3aBUCKT OT KBApKOBOIO COCTaBa
1 BOJIHOBOV (pyHKLMM. TO NOMOraeT pasbupaTbCsi C BHYTPEHHIUM CTPOEHUEM
pe30HaHCOB

@ OgHako, NpUMEHSIS METOZ OAMHOYHOrO WM LBOVHOMO TarvpoBaHWsl, MOXHO
BbIJESITh PE30OHAHCHI C YIETEBLUMMM HaCTULAMU, YTO Pe3KO MOoBbILLAeT
3hPeKTUBHOCTL U TOYHOCTb KUHEMATUKM

@ Bnaropaps Tarruposatuio, pesynstatel M-1 no asyxdoToHHol wmupuHe 7,7, a
fo cnx nop npucytcreytoT 8 PDG (20 1/n6, 35(!) net Hasag).

@ Kpome-Toro, TarruposaHue npu 3ameTbix Q° paclumpsieT 06aacTb JOCTYMHBIX A5t
n3y4eHnsa npoteccoB. PeanbHasi napa 77y MOXeT MPOU3BOANTL PE3OHAHCHI TOJILKO
C YeTHbIM J—cnuHom. [Ins BUpTyanbHbIX (POTOHOB 3TO OrpaHNYeHMe CHIMAETCS.
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[ByxdpoToHHOE poxaeHMe o4apoBaHHbIX C-4eTHbIX

PE30HaHCOB

@ Me3oHbl 1)c, 11c(25), X0, X2 TSXKENbIE, NO3TOMY UX CEYeHNE POXKAEHUS NOJABASETCS
chakTopom 1/M?> n scpcpexTusHoit L(77) cBETUMOCTBIO

@ Ceuetue poxaeHus 7 pasHo 7(10) n6 npu E,=3.7(4.5) 3B

@ Hecmotpsi Ha paboTty Bcex thabpuk, ans 1:(2S) panHbie no Iy, NpPoTMBOPeHUBHI,
TakK 4Y4TO NpakTuyecku ntoboe namepeHune ByaeT BaxKHbIM

nc(25) PARTIAL WIDTHS
rr7) Mg
VALUE [keV EVTS DOCUMENT 1D TECN  COMMENT
® o o We do not use the following data for averages, fits, limits, etc. o o
0.44+0.14 106 20xu 18 BELL ete~ — ete—ynta— |
13 +06 21 ASNER 04 CLEO 75—+ 5o — KIKErT
20 pssuming that the branching fraction into /= 7™ is the same as for 7(15). |

2L They measure (1o (25)77) B(no(25) = KK ) = (0.18 + 0.05 = 0.02) [ (n(15)77)
B(1-(1S) = KKm). The value for [(n.(25) — ~v) is derived assuming that
the branching fractions for 5.(25) and 7-(15) decays to Kg K are equal and using
F(nc(15) = v7) =74 £0.4 £ 23 keV.
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[MonHoe ceveHne poXxAEHNst afpPOHOB B ABYX(POTOHHbIX

npoLieccax

@ Ocobubiin NHTEPEC NPeacCTaB/AET NOJIHOE CeHeHne nepexona
~v — hadrons (3pecb hadrons - niobas agpoHHas cucrtema)
o In pre-QCD times, in order to describe the behaviour of scattering
amplitudes at high energy, s, and small momentum-transfer squared, t,
Regge theory was developed and successfully applied in a wide range of
energies. The Regge approach is based on the singularities of
amplitudes in the complex angular momentum, j, plane.
@ lcnonb3ys foBOIbHO ObLME NPEANONOKEH NS, MOXKHO CBSi3aTb CeYeHune
vy — hadrons ¢ nonubim ceveruem npoueccos YN u NN, roe N - ntoboii HyknoH
(4auie BCero NPOTOH), U MOAYHUTL 3aBUCMMOCTL> OT WHBAapUaHTHOI Maccel W, B
nHTepsane 2--8 3B
o(yy — hadrons) = A+ B/W.

MepBbili YneH onpepensieTcsi NOMepPOHHbIM 0bMeHOM, BTOpoil obmeHoM 1o, an

2Mepeyto ccbinky AatoT Ha J.L.Rosner, Brookhaven rep. CRISP 71 26 (1971),
HO 3ToW nybsimkauum s He Hawes. Pe3ynbTaTbl Apyroro pacyeTa B3siTbl U3 CTaTbU
I.F. Ginzburg,V.G. Serbo, Phys.Lett 109B (1982) 231
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[MonHoe ceveHne poXxAEHNst afpPOHOB B ABYX(POTOHHbIX

npoueccax-1

@ o(vyy — hadrons) = A+ B/W.

@ B HekoTopoM npubaumxeHun
A = 02emp(YN) /T asymp(NN) ~ 240 16 (250300 - B 33BUCUMOCTH OT criocoba
pacuyera),
B ~ 270 u6-M3B (260+370)

@ 3HaynTesnbHoe Yncno paboT no 3Toli TeMe bbino BbinoaHeHo B 80-x 1 Havane 90-x
rogos. [MocnegHue 10-15 net untepec k vy — hadrons nexunt B obnactu 6onbLinx
suepruit (LEP+LHC). Tam Habniogaetcsi crenennoin no W poct cevennsi (npuyem
€ APOBHOII CTeneHbio), KOTOPbIA, NPK 3TOM, OBBSCHSETCS TEOPUEIl.

@ A B obnactu W < 5 3B, kak npaBuno, nccnefytotcsi (hrKCUpOBaHHbIE KOHEYHbIE
COCTOSIHUSA, B 4aCTHOCTM cobbiTus ¢ bonbloli BupTyansHocTsio yy™ (Belle,
BABAR u ap.)
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JKCneprMeHTaNbHbIE AaHHblE Mo Yy — hadrons

= Rl — T T T
E @ OPAL A MDA
o H L3 G TPy ]
o M O PER2y
- O rLUTO 1
m = -
m =
40 i
JH + -
m =
W —g i, = Schuler and Sjdstrand
-+~ gikon, mini-jet model  ---- Engel and Ranft (PHOJET)
i | 1
1 0 w'

W [GeV]

N3mepeHne cevenmns vy — hadrons, komnunsiuusi gavHbix 3a 40 net

HoBocTu B nccneposaHmsx AByX(pOTOHHBIX MpoLLeccoB 16/48



DJKCnepuMeHTabHble AaHHble MO ¥y — hadrons

a) . Badelek et al. b) i

w0 —Desgrolard etal. | 800 ]
—B00
2

=
-]

400

200

1]

1 50 150

2 100
% w, cev"” W, [GeV]
CeyeHue vy — hadrons, namepenHoe pasHbimu getektopamu. CpasHeHne ¢ aByms
TeopeTuydeckumu Mogensimn. JaHHble B 061aCT HU3KUX SHEPrMiA MOTYT BANSATH Ha

BbIBOp Mogenn
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Nannbie gerektopa MA-1,PLUTO n TPC/2y

£ 800
5

T T T 2
<0 = 0,005 (GeV?) Eroof

\‘\ i Total o (yy
60 ,

PLUTO, 84

T oG
\ SLAC

a(nb)
{2
o
(=]

200 - ' + 1
D L T L L
0 1 2 3 4 0 10 20
W(GeV) W(GeV)

PesynbraThl n3mepeHunsi nonHoro cedexuns 7y — hadrons, nosydeHHble Ha AeTEKTOpe
MZA-1 (Hosocnbupck, NAP) & 1983-1985 rr, PLUTO(1984) n TPC/27v(1990).
PesynbtaTel Ha M/-1 nonydens npu Q% 0.005 MB?, PLUTO — Q2 >0.44 MB?,
TPC/2y — Q* >0.2 MB? (3nak y Q? onyuwen). Ha Bcex kapTuHkax nokasaHa
TeopeTudeckas kpusas o(W,,) = 240 + 270/ W
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[lpocToe nsmep

@ PaccmoTpuM camblii NpOCTO NpoLecc 7y — 7y, KOTOpbIi TEOPeTnKN
paccynTanu ewe B 1934 r.

@ A nabnwoganm ero tonsko B 2017r! Ha BAK-sbwom konnaiigepe npu
cTonkHosenun spep Pb+Pb Ha aneprum /Syy = 5.02 TeV (aetexkTopsi
ATLAS & CMS).

@ A 3a4em HyxHbl agpa? [loTomy 4TO ceyeHme §y-NpoLECcCOB BO3PACTaeT B
Z* ~ 45 MnnnnoHoB pas . YBuaeTb MHade — 6e3 waHcos!

1\ /I//

i, A

ATLAS event display
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[MpocToe n3meputh - 370 cnoxHo!-1

T T T
ATLAS Preliminary
Pb+Pb (s = 5.02 TeV

Events / GeV

-e-Data 2018, 1.7 nb”
[_Isignal (yy - vv)
[ CEP gg - vy
Wy > ee

[ Sys. unc.

o Tt -
5 10 15 20 25 30
m,, [GeV]

Pacnpepenerne no nHesapnaHTHoli macce oTobpaHHbIX CobbITNIA

o N N O ®

@ [ocne otbopos ATLAS eugut 59 cobbituii, n3 kotopbix 30 + 4(syst)
curHan, a don 12 + 1(stat) £ (syst).

o Cornacune c oxungarnem R = (1.53 +1.73) + (0.33 = 0.40).

@ A KOMy MosesHo 370 n3mepenne? Bo-nepsbix, 3To kpacueo! Mitoc, BosmoxHa

YYBCTBUTENBHOCTb K HOBOW pusnke. [priMepbl — MarHuTHbIE MOHOMON,
BEKTOPHble (DEPMUOHBI U aKCUOHOMOAOBHbBIE YacTuLbl. TakKe YyBCTBUTENBHOCTb K
BJISIHIIO BO3MOXHbIX ONepaTopos B 3ppekTnBHONA Teopun nonst (BHe pamok SM).
/I, koHe4Ho, BKNaj B aHOMasibHbIA MarHuTHbIl MomeHT e n u! (XoTts 3geck
VHB.MaCChl CIMWKOM BosibLuble.)
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[pyrue HOBOCTW C ABYX(POTOHHBIX M

@ 5 npocmoTpen mMaTepuasbl HECKONIbKUX KOHbepeHunli 3a nocnegHuii rog,.
Hoknagos no asyxdotorHoin cpusuke MAJIO!

@ 3HaunTesbHasi 4acTb U3 HUX TaK WM MHA4Ye CBsi3aHa C TEM CaMbIM ‘‘CBSILLLEHHBIM
Ipaanem’ — BK/IafOM B aHOMaJIbHbIA MarHUTHbLIA MOMEHT MIOOHA.

@ 3ameTHble ycuanst BKNAAbIBAlOTCA B CO34AHNE HOBbLIX F€HEPAaTOPOB ABYX(OTOHHbIN
cobbiTnii. Hanpumep
https://arxiv.org/pdf/2511.12717
HadroTOPS: A Monte Carlo Event Generator For Hadron Production In Two-
Photon Scattering In Electron Positron Collisions

Max Lellmann, Igor Danilkin, Achim Denig, etc
Abstract

We present a Monte Carlo event generator specifically developed for the study of hadronic two-
photon scattering events in two-photon scattering at electron-positron colliders. The code enables
the generation of events with exact leading-order QED coupling and a flat phase space decay
of the hadronic state into an arbitrary number of final state particles as selected by the user.
Thus, this generator is well-suited for the use of partial wave analyses tools to study the two-
photon production of higher-multiplicity final states across a wide range of energies and photon
virtualities. Furthermore, the code integrates both experimental and theoretical inputs on the
two-photon couplings of hadrons to simulate two-photon pmdur:liun pmcessr.s Motivated by
the investigations of the BESIII collaboration, the final states 77—, x°", n"n. K*K~, KV K,
m, and fi(1285) — pr*z~ via aj(980)x™ and f3(500)n are currently included. The codc 15
sufficiently flexible to easily add additional final states as well as quickly change the already
included channels.
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[pyrve HoOBOCTW C ABYX(POTOHHBIX 1

@ B nowuckax gpyrux matepunanos o AByxOTOHHbIN NpoLeccax, s HaTKHYACSA Ha
HECKOJIbKO CTaTell C ANCNepPCMOHHbIM aHann3om. B nape us Hux asTopbl
nepecekaloTCs C aBTOPOMU YNOMSIHYTOro reHepaTtopa. B sTux ctaTbsax odeHb
MHOIro MaTeMaTuKu, Kak npumep: the analytical structure of the left-hand cuts.
Yt0 310 Takoe, MHe npuwnock cnpawusaTs y VN...

@ Pacckaxy o Heckonbkux paboTax, koTopble ucnonb3osanu gaHuole Belle.
3 aBTOpa, 6 cTpaHuLu.
EPJ Web of Conferences 303, 01007 (2024)
Pion polarizabilities from a dispersive analysis of 7"y — 777~

Abstract

We present results for the charged and neutral pion polarizabilities, obtained through a dispersive analysis of photon-fusion
reactions with two pions in the final state. This analysis is motivated by current and future measurements at COMPASS, JLab
(Hall D), and the BESIIl measurement of singlevirtual photon-fusion reactions in the space-like region, offering insight into
generalized pion polarizabilities. To improve upon predictions within an un-subtracted dispersion formalism with only the pion
left-hand cut, one needs to consider the influence of heavier left-hand cuts. We parametrize the latter using an expansion in a
suitably constructed conformal variable, capturing the analytical structure of the left-hand cuts. The coefficients in this
expansion are determined from the matching with the Lagrangian-based approach, the Adler zero constraint for yy - mn®,
and a fit to the cross-section data. The extension to the single-virtual case is also discussed.
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Hpyrue HoBOCTY C ABYX(

@ PesynbraT - 1 KapTUHKa.

A — 7 V-poles + Crystall Ball 1
— m-pole * Bellell
2 15 = BES Ill (preliminary)
%E
T
=
=10
z 1
w
T
5 4
03 04 05 06 07 08

Vs [zev)

Figure 1. Integrated yy — " cross-section with |cos 8] < 0.8 corresponding to different left-hand cut
contributions in the S-wave. The data are taken from [24-27].
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Hpyrne HoBoCcTK C ABYX

@ Euwe ognH aHanus.
Te e 3 aBTOpa, 7 cTpaHuL.
Physics letters : B, 827(2022)
Dispersive analysis of the vy — DD data and the confirmation of the DD

bound state.
ABSTRACT

In this paper, we present a data-driven analysis of the ¥y — D¥D~ and yy — D°DP reactions from
threshold up to 4.0 GeV in the DD invariant mass. For the S-wave contribution, we adopt a partial-wave
dispersive representation, which is solved using the N/D ansatz. The left-hand cuts are accounted for
using the model-independent conformal expansion. The D-wave y»(3930) state is described as a Breit-
Wigner resonance. The resulting fits are consistent with the data on the invariant mass distribution of
the ete~ — J/wDD process. Performing an analytic continuation to the complex s-plane, we find no
evidence of a pole corresponding to the broad resonance X(3860) reported by the Belle Collaboration.
Instead, we find a clear bound state below the DD threshold at /58 = 3695(4) MeV, confirming the
previous phenomenological and lattice predictions.
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Hpyrune HoBOCTU C ABYXPOTOHHbIX Nonein-4

@ PesynbTat - 4 kapTuku. Bbl gymaete Ha Hem rnasHoe — x2(3930)7 Hert!

@ [naBHOe — 3TO CBsI3aHHOE cocTosiHUe nog noporom DD npu
/S8 = 3695 + 4 MB!I

o Belle,D'D™  —— yyaD*Dtotal  =--e- D—wave 20 —— yy=D'D wotal o BaBar, D'D~
25 w Belle, D'D’ - S-wave - S-wave w BaBar, D'D"
—— DD ol 60F — ry=D°D’ total
- 0 ——- S-wave - S-wave
2 Z 50 D-wave
= =
= ] 40
g0
o & 5
10
i o 2
375380 385 390 395 375380 385 390 395
Vs [GeV] Vs [Gev]

o Belle, combined -~~~ S-wave o BaBar, combined

Events / 10 MeV

0]
375 380 385 300 395 375 380 385 390 395
Vs [GeV] V5 [GeV]

Fig. 1. Fit results compared to the data from the Belle [15] (left panels) and BaBar [16] (right panels) Collaborations. The top panels show the charged and neutral cross
sections. For comparison, in the bottom panels the sum of two are presented in both cases.
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Hpyrne HoBoCcTK C ABYX

@ W ewe ognH aHanms.
Opyrve 3 aBTOopa, HO y>xxe 27 cTpaHuy,.
Phys. Rev. D 97, 014020 (2018)
Hadron tomography by generalized distribution amplitudes in pion-pair
production process *y — 7°7° and gravitational form factors for pion

Hadron tomography can be investigated by three-dimensional structure functions such as gen-
eralized parton distributions (GPDs), transverse-momentum-dependent parton distributions, and
generalized distribution amplitudes (GDAs). Here, we extract the GDAs, which are s-t crossed quan-
tities of the GPDs, from cross-section measurements of hadron-pair production process 7*~y — 7°m°
at KEKB. This work is the first attempt to obtain the GDAs from the actual experimental data.
The GDAs are expressed by a number of parameters and they are determined from the data of
7"y — 7°7° by including intermediate scalar- and tensor-meson contributions to the cross section.
Our results indicate that the dependence of parton-momentum fraction z in the GDAs is close to the
asymptotic one. The timelike gravitational form factors ©1 and ©2 are obtained from our GDAs, and
they are converted to the spacelike ones by the dispersion relation. From the spacelike ©, and O,
gravitational densities of the pion are calculated. Then, we obtained the mass (energy) radius and
the mechanical (pressure and shear force) radius from ©2 and ©1, respectively. They are calculated
as 1/(r?)mass = 0.32 ~ 0.39 fm, whereas the mechanical radius is larger /(r?)mecn = 0.82 ~ 0.88
fm. This is the first report on the gravitational radius of a hadron from actual experimental mea-
surements. It is interesting to find the possibility that the gravitational mass and mechanical radii
could be different from the experimental charge radius \/(r?)cparge = 0.672 = 0.008 fm for the
charged pion. For drawing a clear conclusion on the GDAs of hadrons, accurate experimental data
are needed, and it should be possible, for example, by future measurements of super-KEKB and
international linear collider. Accurate measurements will not only provide important information
on hadron tomography but also possibly shed light on gravitational physics in the quark and gluon
level.
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[pyrve HoBOCTW C ABYX(POTOHHBIX Noseli-6

@ PesynbraT - 21 KapTuHKa. S NMOKa>ky NMPOMEXYTOUHbI PUCYHOK, T.K. FIaBHbIiA
pe3ynbTaT CTaTbW — 3TO PagMyc MUOHa.

8
g
g

a5
st 2with f,(00/]
1 anan ul[whhmﬁlillll =892 Gev? Q=832 GeV?
cosB=0.1 cosB=0.%
.54
2 .}
Y
1) \
P Y
. “
0s] .} {»
081337 Gev? OE=1337 Gev:
25 { cos@ =01 cosf=0%
M

04 06 0E 1 12 14 16 18 2 22 04 06 0B 1 12 14 15 18 3 22
W (GeV) W (GeV)

FIG. 15. Comparison with the Belle cross sections measure-

ments at @? = 8.92 and 13.37 GeV? with cos# = 0.1 and 0.5.

The dashed and solid curves indicate our analysis results for

set 1 (without f5(500)) and set 2 (with fu(500)), respectively.
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HosocTu ¢ aByx v BESIII

@ [Mokaxxy HekoTopble pesynbtaThl ¢ BESIII, 6naro oHn npeacrasnnu xopomne

poknagbl. CHavana BeBefeHMe — 41l YEro OHU CTapatoTCs.

The Muon’s Anomalous Magnetic Moment

2 heory i, Physics Rapors 1143 (2025) 1-158
* Anomalous magnetic moment of the muon

(9-2), » " "
="

&0

* Long standing discrepancy between
experiment and Standard Model

50

40

* Golden channel for precision tests of
the Standard Model
* Experimentally known to 127 ppb (BNL &
FNAL)
10 " "
« Standard Model’s uncertainty much larger I l
* Limited by hadronic effects ¢ _— -

30

20

Uncertainty Aa, x 10!

Exp. QED weak HVP HLbL

Standard Model Prediction 2

HoBocTun B nccneposaHusix AByxcpOTOHHbBIX NPOLLECCOB 28/48



Hosoctu ¢ aeyxdoToHHbix nosein BESIII-1

The Hadronic Light-by-Light Contribution

m, KK £,(1270),
- (1320, ..
= ™A + M
A ] N

One needs to know the coupling of hadrons to photons!

* Small energies especially relevant (pQCD impossible)
* Light mesons dominate

« Two-photon coupling described by Transition Form Factors F(Q?, sz)
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Hosoctu ¢ aByxdoToHHbIx nonein BESIII-2

The Hadronic Light-by-Light Contribution

~ [2]
= 3 =1 B

N 80 ;? 3 g
: 5
z h 4
g 60 B
g b= =
- 1
H 2 10 o 23
g ) " X "
] =X w© ., Short Distance + 2 Short D_lstance +
: E 500 8 Mixed EN ® Mixed
§ ol PB2E sl x 0 T2 5
R g
£ =502 = 3
< o T MO l 2
i 0 ._: — - 1 2
H Q
] 3

-20 0

Provide experimental input for (pseudo-)scalar,
tensor, and axial contributions! '

Bugum, uto ans pelueHns 3Toil 3aga4n HeOBXOAMMO TOYHEE U3MEPATL CeveHune

nBYXOTOHHOIO poXKAeHNs YacTuy, co cnuHom 1, 2 n APYIUM. ..
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HoeocTu ¢ aByxdoTtoHHbix noseii BESII-3

Most Relevant Q2 Region

] - 1
oL _ fo d, J; ae; [ AT (@4, 02 Py (~0F~(@s + 0Py (-05,0)

CUniversaI weight functions) ( Form factors )

Relevant Q? region:
<15 GeV?

"
e

[A. Nyffeler: PRDS4, 053006 (2016)]

Hy)KHbI N3MEPEHNA NPU HE OYEHb Bonblunx BUPTYAJIbHCTAX. XoTs pe3ynbTaThbl

Babar&Belle Q? > 10 GeV? Toxe ynomunatorcsi 8 paciete HLbL Bknaga.
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HosocTu ¢ aByxdoToHHbix noseit BESIII-4

70, T T T T T T
* 0 1.00 =Q2[GeV?] <1.15
udyofyy - =«
60 1
* Single Tag Measurement (2.9 fb"' @ 3.773 GeV) + paa
- ' —— Total Fit
« Require quasi-real photon 50 --— Backgound
--- Signal
¢ SeleCt A x?/ndf 103777107
g . 40+ Ngg 308 + 25 b
5 ... one final state lepton N 1497 %59
§ ... require small scattering angle of missing 301
'§_ momentum = small missing Q2
* Background suppression and subtraction 20
N do -t
F@ O = 1o (s
AQ?Le(1+6)\ dQ 10
* Normalize to luminosity, efficiency, point-like ;o
cross section, and corrections for radiative 055005040 005 050 035 030 035
effects and finite 2M virtuality M(yy) [Gev/c?] Q
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Hosoctu ¢ asyxdoToHHbix nonein BESIII-5

Study of yy* » n®

T T T T T T T T T T

4 CELLO, Z. Phys. C49 (1991) 401 + BESIII stat. errors only » Good agreement with previous
4 CLEO, Phys. Rev. D7 (1998) 33  BESIII total errors

0.20f T BESHIi stat. errors only
+  BESIII total errors

1T 1 measurements

* Most precise measurement at small Q2

0
8
8=
2 Do L .
S o ¥ * Excellent agreement with
)
2 :
2o * Lattice QCD
R
£ [SHE [ « Dispersive calculations
3
o « Dyson-Schwinger
o — oo
W Knechit et al, WHDV) 5 Sttt oco)
0.05 T Eur Phys. k czl umm 659 N v. D100 (2019) 03‘520 4
Py e 585 (30131 - " ""e«"x:&ez‘z'x‘(‘zﬁgy 502 1
o Phye R BeSiSi5) osaoo : .
T sen ot o (1) / ¢ G e s | © 10 b repeated with 20 fbl!
E Pyt €75 (5015) 586 y5. Lot 8757 (2015) 154855
u: i . ,
P e 597 (3015 neovs - ;.';'21;“5’?:&2333"09'2‘3;;‘ Also forn and 7
0 0.0 05 L 0 1 5 2. 0 2 5 30 3500 05 10 1 5 20 25 3 0 35
Q% [GeV?] Q% [GeV?]

PesynbTaTbl BIFISAST Y>Ke XOPOLLO, XOTsi noka obpabotanto nuwb 3 n3 20 1/dh6H.
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HosocTu ¢ aByxdoToHHbix noseii BESIII-6

e*e- > e*e'n’

% F
= 20.3 fb.1 data at '\[E =3.773 GeV E‘mj“’_’“"'-\' ='n'-'n1K
= Similar event selection strategy: § mi_ ) +::;m
+ Exactly one lepton candidate with the s §

detector acceptance, E/P > 0.8

« ' ontrTyand ity withn - vy oo 1Y tm
1000
+ PID requirement for pion track 500
P80 0856 0.5 100 105 190 195 120
= Kinematic fit with one missing track Mix'xX) [GeV/c] (X = or 1)
(e*/e7)

= Cut on angle of the missing momentum
+ Q% <0.08 GeV2

« Q% €[0.1,6.0] GeV2divided into 18 bins
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HosocTu ¢ aByxdoTtoHHbix noseii BESIHI-7

Expected Precision
0.30 ey [ N

~1- BESII MC (STAT) SM Predictions

[ sesinme rotay

0.25- - <
[ ok F.,,.; Holographic approach
%0.20_— ' oRe 3 025
0] [+ BaBar ] _
= T ] g
%0'15,_ — Ekhara3.0 (3-Octet) 7 5 01
[T, ] %
%0.10; . T o CELEO l%l
: : l;‘klllls (Lm lw‘ ——
t L ] B LRz vI(OPE 1] ——
0.05- 4 L LMR22 vI(F,ht)
[ ] 0 0.5 1 L5 2 2 3
T BT B o e e Q@ [GeVY
10_2 10_‘ q hys. Rept. 3(2025) @ e 0)
Momentum Transfeer[Ge\a'z] PP —
a8 [T
CELLO s p
DSE
g 015 CA d

Equivalent measurement for

> LQCD-BMW23
n ongoing

0 0 2

. g 7 J

Wcnonbsosanu sce 20 1/pbH. Owmnbkn fOBONBHO ManeHbKue.
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HoBocTu ¢ aByx

Study of yy* - fo/f2 > n°n® .. ...

Phys. Lett. B, vol. 789, pp. 366-372, 2019, Prog. Part. Nucl. Phys.,
vol. 107, pp. 20-68, 2019]

BESIII PRELIMINARY

Q?=(0.1-03)Gev? Q?=(03-04)Gev? Q?=(04-05)Gev?

* The cross sections contain information
on Transition Form Factors 100

05 10 15 20 05 10 15 20 05 10 15 20

« Different resonances:
« Scalars: f;(500) & £,(980)
« Tensor: f,(1270)
* Others statistically irrelevant

Q?=(0.5-07)GeV? Q?=(07-1.0)GeV? Q?=(10-15)Gev?
0

05 10 15 20 05 10 15 20 05 10 15 20

Q?=(15-2.0)GeV? Q?=(2.0-3.0)Gev? Q=(3.0-4.0)GeV?

Cross Section orr + €017 / nb

« Extraction of TFFs through partial wave 10
analysis 5

Two-Pion Invariant Mass W / GeV

Wcnnb3osanu Bece 20 1/¢pbH. Pacnpenenenuns no yrny xenncnTi 3aMeTHO U3MEHSIIOTCS B
3aBMCMMOCTM OT 3Heprun ( He CTan NOKasbiBaTb KAPTUHKM). DTO NOLTBEPKAAET, HTO

34€eCb NPUCYTCBYET HECKOJIbKO PE30OHAHCOB.
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HoBocTu ¢ aByx

Study of yy* — fo/f2 - nn°

« Fitto single tagged data to extract Q> dependence of TFFs
* Angular modulations used to differentiate resonance
* Smearing effects taken into account

Q?%=(0.7—1.0) GeV?

40 ++ BESII e Total
+ BESII, stat. err.

0.40 GeV 1.25 GeV

Cross Section orr + €0.1 / nb
Cross Section
d(orr + €ou7)/d|cos6 *| / nb

0.5 1.0 1.5 2.0 -
Two-Pion Invariant Mass W / GeV Helicity Angle [cos 6 * |

Pa3,qu1moTCﬂ BKNladbl No 4-Em napunanabHbiM BOJIHAM, 4YTO NO3BOJIAET U3MEPUTL

dhopM-hakTopbl A8 KaXKAOrO U3 Pe30HAHCOB.
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HoBocTu ¢ aByx

Study of yy* - fo/f2 - n°n°

* First extraction of TFFs in

08 a, relevant Q* range
g“ BESIII PRELIMINARY ¥ 100 | 5 + BESIII PRELIMINARY [0 i
T 2071 + + A=0
=1.0 w +oam1
N =067 * T oam2 .
g S P * First measurement of
tO.B T 05 ¥
g S04l f0(500) TFF
206 ++ g0 [
€ + ‘£ 03 -
804 + 5o li —_— * Lowest Q and most
s P —— c :;:_'ﬁ’—'—‘ .
202 -+ So1 precise measurement of
—— e 7
g | foo fo(980) and £,(1270) TFFs
0.0 = . N TN
0 1 3 3 7 0 1 3 3 @ Compatible with high Q

Momentum Transfer Q2 / GeV? Momentum Transfer Q2 / GeV2 Belle data!

Vi3mepernas 3aBucumocTs dopmdakTtopos ot Q?
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HoBocTu ¢ aByx

oHHbIx nonei BESIII-10

BESIII PRELIMINARY

- — | 503 o -5
Comparison To Belle L —h
* First measurement below 3 GeV* * i?ozo 'l'+
*_l_ EOIS +_l_
y 4 - }
* Helicity-2 component dominant . 2 %
S 0.05

e 18 M

. O 0 10"

Very slight tension to existing helicity-1 Belle data

o 00 00
Momentum Transfer Q7 / GeV? Momentum Transfer Q7 / GeV?

s e | o] e
< 020 - Los i
* Otherwise the data seems to be described by a So1s + S5 -,
smooth distribution £ o4
5010 + 5 -+
+ 4
A £ -F-h §o: -
* ”Plateau” in helicity-1 TFF g . _\_ T g o1 a}-_.dJf
+ Drop towards zero required by Landau-Yang? g goo e
10t 101 10°

o 100 107
Momentum Transfer Q7 / GeV? Momentum Transfer Q? / GeV?

Xopoluas cornacosaHue c pesynstatamu Belle
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i BESIII-11

BESIII Simulation =755
yy* — f1(1285) > nrtnTm L

200

Conclusion and Outlook

« BESIII is perfectly suited to provide data on
space-like TFFs at small to intermediate Q?

Events /0,005 Gev.
[MLet. al. 25 arXiv:2511.12717]

« World best measurement of 7°,£,(500), | :
£,(980), and f,(1270) TFFs T ~ogasrriigEroagge)

12
mee-a- [GeV]

* Several measurements in preparation s BESIII Simulation % §émenee g },
s yy* >l ntnT, % ... . yy* = f1(1285) = nutn~ 5 >
© ¥ - £1(1285) > ap(980)m/fo(500)n £ o
< yy oy, w0 i : 9
« Study of azimuthal angular dependencies éw i S
LI o ﬁ}* z 4
* More datato come: 10 fb''@ 4.68 GeV *‘l“l”;:h‘:': % [ & -

Courtesy of Jan Muskalla
00 05 10 15

0.00
20 25 30 s 40
QGev?]

Bavxnue nnansl BESIII no cbopy asyxdoToHHOro ypoxas
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Hosoctu ¢ aByxdoToHHbIx noneid Belle

@ 3pecb Habntogaetcs sBHbIN 3acToii. [ocneaHsisi nybankauyus ( koTopyto s Hawen)
oTtHocuTcst K 2023 r. 3aTto HeT 3aknuHanuii npo HLbL.

@ [MpocmoTpen pesynbTaThl ¢ Belle, no matepnanam vegasnero “Workshop for
two-photon physics and related detection technology. Fudan University, May 2026"
B Kutae. Bece ccbinkum Ha pesynbtatsl go 2020 r.

@ [Mokaxy napy nocnegHux pesynstaTtos. 10 pages, 9 figures —
Haiipero 7.9 £ 3.1(stat.) & 1.5(syst.) cobwitnii X(3915). EcTb kapTuHka
3aBMCMMOCTM cedeHusi oT Q7!
First measurement of the @ distribution of X(3915) single-tag two-photon
production.
(The Belle Collaboration)

We report the first measurement of the @ distribution of X (3915) produced by single-tag two-
photon interactions. The decay mode used is X (3915) — J/¢w. The covered @? region is from
1.5 (GeV/e)® to 10.0 (GeV/e)®. We observe 7.9 & 3.1(stat.) = 1.5(syst.) events, where we expect
4.1 £ 0.7 events based on the Q2 = 0 result from the no-tag two-photon process, extrapolated
to higher Q* region using the ¢¢ model of Schuler, Berends, and van Gulik. The shape of the
distribution is also consistent with this model; we note that statistical uncertainties are large.
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Hosoctu ¢ asyxdoTtoHHbix noseli Belle-1

@ Patblue yxxe 6bin nybankaumn no stoii Hactuue X(3915). 3o,
npeanonoXnTensHo, Xco(2P), HO HeT TBepaoli YBEPEHHOCTM.
PRL 104,092001(2010), ucnonb3sosaHHs cratuctuka 700 1/d6H.

Observation of a charmonium-like enhancement in vy — wJ/1) process.

%.o(2P) candidate

1. Belle yy=>wl/p
process using “zero-
tag” events.

Events/5 MeV/c2
Events/ 10 MeV/c2

2. Observe a structure
near 3.9 GeV,
X(3915) significance

3 34 3.2 00,5 0.7 0.8 0.9 1

M(*T) (GeVic?) M(3r) (GeVic?) 7.70

14
> :;: PRL104,092001(2010) 3. Mass:(391513i2)
o Lum=694 fb! MevV,
£of e width=(17+10+3)
@ MeV

b .

Se5 39 o5 4 405 a1 ams a2z sz a3 4. Candidate for Aol 2P)
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HosocTu ¢ aByxdoToHHbix noneli Belle-2

@ Measurement of two-photon decay width of x»(1P) in vy — xco — J/¢y at
Belle. MocnenHue namenenns 24 Jan 2023.

ABSTRACT: We report the measurement of the two-photon decay width of x.2(1P) in two-
photon processes at the Belle experiment. We analyze the process vy — xea(1P) — J /vy,
Jjt — 707 (£ = e or u) using a data sample of 971 fb~! collected with the Belle de-
tector at the KEKB eTe™ collider. In this analysis, the product of the two-photon decay
width of x(1P) and the branching fraction is determined to be I'y, (xc2(1P))B(xc2(1P) —
J/ )BT/ — £167) = 14.8 + 0.3(stat.) £ 0.7(syst.) €V, which corresponds to Ty (xez(1P))
= 653 + 13(stat.) =+ 3l(syst.) + 17(B.R.) eV, where the third uncertainty is from
B(xe2(1P) — J/i~) and B(J /b — £167).
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Hosoctu ¢ aByxdoToHHbIx nosein Belle-3

| Dat
— T:tzl fit (b)

0
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Events / (5 MeV/c?)

300
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Pull

||||i||||i||||l\\\\1||||i||||i||||i||||||||||

015 02 025 03 035 04 045 05 055 0.6
AM (GeV/c?)

PasHuua B maccax mexay M(IT17y) n M(IT17). 3pecs napsl ete™ u ut ™ BbibpaHbl
86113mn macchl J/1p. CnekTp no calinbenaam nokasaH 3eneHbim.
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3akato4eHne

@ DoToH Tak xe Henc4yepnaem, Kak n aftom 3J1€KTpOH!

@ A ecnu oHu cobupaetcs no 2 unu, gaxe, no 3, To paboTbl XBaTUT Ha
MHOIO 4eJI0OBEKOB U feT.

o Cnacubo 3a BHUMaHue!
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Obuive xapakTepucTuki cobbiTnii B npouecce

~v~y — hadrons

@ [lpencTaBisieTcss UHTEPECHBIM U3MEpeHne NHKIIO3UBHbLIX CeveHunli Buaa
vy = 7+ X, K+ X, Ks + X B 3aBucumoctn ot W(7y7)

@ Kpome nsmepeHusi cedenmns npouecca vy — hadrons npeactaBasieTcsi BaXKHbIM
n3yYeHune APYrux XapakTepucTuK, Taknx Kak dSHEpPreTuyeckne CnekTpbl, YraoBble
pacnpegeneHnst u T.n.

@ OpfHoili 13 TakMx XapakTepUCTUK SIBSIETCS 3aBUCUMOCTb CpeAHelt
MHOXECTBEHHOCTU OT MHBAPUAHTHOI MacChbl

@ [lockosibKy ABYX(POTOHHbIE CODLITHSA SBASIOTCA HEN3OEXKHBIM POHOM A5t BCEX
paboTatoLwmx KoNaiaepoB, BaXKHO YMETb MPaBuIbHO MOAEINPOBATL STOT hOH.
CpefiHsisi MHOXKECTBEHHOCTb SIBASIETCS YAODHLIM NapamMeTpoM Asi HaCTPOKM 1
nposepkn MoHTe-Kapsio reHepaTopoB, NCnosib3yembixX Kak ANs U3yYeHns

LBYX(POTOHHbIX COBLITUNA, Tak 1 Ans 6opbbbl ¢ HUMK
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MHO>eCTBEHHOCTb YacTuL, B npouecce vy — hadrons

= ADONE ® MARK Il
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L z f
Q L PR I L L 0"
1 3 4 5 1 200
W, GeV Energy (GeV)
3ap;|)KeHHa;| MHO>ECTBEHHOCTb B 3ap7|)KeHHaﬂ MHOXXECTBEHHOCTb B npouecce
yy-cobbITusix, uamepeHHas Ha M/-1. eT e -aHHNrUNALNM, KOMNUNSALNS JaHHbIX
corr _ | ~1.80
ngy = 1.625 37 4 1.83595 . In(W/(GeV)) fof =3.48+0.0511 exp[2.737V/InE, ,, ]—141E )}

@ TouHOCTb U3MepeHUs 3Toli 3aBUCUMOCTYN ANsi ABYX(POTOHHbBIX MPOLLECCOB BO MHOrO pa3
Xy>Xe, HeM Ans cobbiTuii e e~ -aHHurunauum

@ lIsmepeHue cpepHeli MHOXXECTBEHHOCTU B npouecce vy — hadrons n cpopmbl
pacnpegenerus ans N, (oHo HeobsizaTensHo MyaccoHosckoe) 66110 Gbl NONE3HBIM A5

MHOT X Mcc.nep,osaHmf/i
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Angular dependences in yy—>MM’

General tendency in meson pair production processes

*_

<

S

S

3

]

0.0 lcos6* 1.0 0.0 lcos6*| 1.0 0.0 lcoso* 1.0

Low energy Intermediate energy High energy
Near the mass threshold  Tengor resonance pQCD
or Scalar resonance Quark line mediates

Predictions for High Energy
pQCD: ~1/sin*0* for a charged-meson pair
(no definite prediction for a neutral-meson pair)
Handbag: ~1/sin*0* dep. , for BOTH charged and neutral

QI IID) | S.Uehara, KEK, GPD2010, Trento, Oct.,2010 10
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vy— '~ and yy— KK~
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The ~1/sin*0* dependence is valid above W>3.0 GeV
for these processes

QI IID) | S.Uehara, KEK, GPD2010, Trento, Oct.,2010 11
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n'n’ and K¢"K¢"

Not bad within errors
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~1/sin*0* valid above W>3.1 GeV | 5.Uehara, KEK, GPD2010, Trento, Oct. 2010 12
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7’ and nn
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an agreement with ~1/sin*0* ____ ~1/sin*@* is not good anywhere.
above W>2.4-3.1 GeV. - == ~1/sin%0* is better for W>3.0 GeV

QI IID) - [ S.Uehara, KEK, GPD2010, Trento, Oct.,2010 13
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