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m Exchange of two photons in e*e” collisions

m Pseudoscalar, axial, and tensor states accessible
= M, << Vs

" 0 xolln’E
" o F?(Q1,Q3) . with Q7 = —¢;

m Forward peaked kinematic

m Experimentally challenging
= Untagged measurements
m Single-tagged measurements
= Double-tagged measurements
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RPC: 9
Iayers Calorimeter

Electro Magnetic

SC
Solenoid

Barrel
ToF
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ToF

SC
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8 |

RPC: 8
ayers

m Operated at BEPCII collider
= 2.0<+/5[GeV] <4.6

m Design luminosity achieved 103;

m £ =10x10¥3cm %! at Y(3770) o

[}

©

m |arge data sets for 3
|
= Charm Physics
|
® tand R-Scan
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Integrated luminosities BESIII
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~ 1025

Charmonium Spectroscopy 10;

4180

v(2s) 1|;(4.040)

XYz

Light hadrons i
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‘ ‘45‘ s

Detector

NIM A614 (2010) 345

= Main Drift Chamber (MDC)
= o(p)/p=0.5%
m O =6.0%

dE/dx

= Time-of-flight system (TOF)
m o(t) =90ps (barrel)
m o(t) = 110ps (endcap)

= EMC
m 6240 CsI(TI) crystals
m o(E)/E =2.5%
m GZ@(E) =0.5-0.7cm

m Muon Chambers
= 8 -9 layers of RPC
= p>400 MeV/c
m ORP=14~1.7cm

m Superconducting Magnet
= 1 T magnetic field
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® Previous measurements:

N Yy — atn”
oo - Belle = Only untagged measurements
B —e— CELLO
2 s00f- —s— MARKII i = Data scarce at small m .+ .-
= B
ks -
Ei B
» 200
W |
m {
o B
O E }
100~
0_ 1 | 1

(GeV/c 2)

= MARKII: 209 pb™!, 0.35 < m,,[GeV/c’] < 1.6 Phys. Rev. D42 (1990) 1350
m CELLO: 86 pb ™', 0.75 < my.[GeV/c’] < 1.9 Z. Phys. C56 (1992) 381
= Belle: 85.9 b1, 0.8 <m,.[GeV/c?] <1.5  Phys.Rev D75 (2007) 051101
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® Previous measurements:

* 0_0
= 3.5 GeV? ! +4.5 GeV? * 5.5 GeV*® 77 — T
15 3 5 . .
N Zm }* L z% t ® First single-tagged measurement
5 ¢ JH }}w I ﬂﬁ - it H{H{# gt = Belle [Phys. Rev. D93 (2016) 032003]
Fpmmdiama o 1wt b T
v 015= - 1 T;‘@ 2 00.5 1 1.5 2 00.5 1 1:-. *';
=
i ) 70Gev | 9.0 GeV? ’ 11.0 GeV?
o 3r
[ 2F {- 2F
ooy ﬂ * i i} = 759 fb data
L SN R
% Ceeemd L ' T BN i B temen, B 3<0Q2[GeV <30
\?—?_ O0.5 1 1.5 2 00.5 1 1.5 2 00.5 1 1.5 2
c , , = 0.5<W [GeV/ca] < 2.1
13.5 GeV? 17.5 GeV? 25.0 GeV?
1.5- 1.5¢ 1.5¢ u |COS 9*| < 10
1—} hl& .h‘ 1}{} } + 1
o5k ﬂ i S 05 } }Hﬂ%{* t O_Sﬁ ##F}#% = Determination of partial-wave amplitudes
ﬁ & - i '}@}
05T 1?““2*‘ 0 = Tf;’“*‘”;” O 5 m Measurement of TFF for f,(1270) and f,(980)

W (GeV) W (GeV) W (GeV)
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JG\U 2nerators

m Signal: Yy = 7g-

®= Modified Galuga2.0 (ChPT prediction only)

® Background

+,— -+

m Same final state: e"e™ = ete ™

= Generator under development
= Measured form factor as input

= Similar final state: ete™ — ete putpu~

= BesBdkRc (developed from RADCOR) CPC 40 (1986) 271
= Partly consideres radiative effects
m DIAG36 CPC 40 (1986) 285
m Helac-Phegas CPC 180 (2009) 1942
= Other:
m Yy oy (Ekhara) PRD 85 (2012) 094010

m QED processes, Radiative Return, DD decays, hadronic continuum
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JG|U ment of Tt*1T at BESII|

m Event selection: BGS]]I

. . L. j: E :MC:'TotaI i
® Two oppositely charged tracks, identified as = 10 Vo sona
Ell 5% MC: Continuum
. . Ecu |
= One charged track identified as e* by “ 10° el D B
PMDC N ?\{ g mg ISRJAy, ISR (2S)
2 BN : TN
issi - ) 5 1\ e
® Missing momentum: gzqq - €0S 8555 < —0.99 2 AR 225 MO 11—
17\ e A
CMS CMS F/'f\m, X% A
\/g - E :I: 0 - p :': 0 %"’ »\\{{!mm'lu; 'TAI-".""‘Q#‘{"\‘"
m o erm erm . U= - e
iy NG S W v
iy : 1.0
COS0,16s% Qg
105 :_ : mg 1B-(z’a}({;lll(ground 105 s
E = MC: Signgl %
E \ i “Mng;.g.?itmuum B — MCTruth: Acceptance
104 E_ jéi' . mg B;[B)o 105 ? — MCTruth: Acceptance + €086, XQiagged
- F i'.i s MG Psoaﬁ?g‘lsm(z& % .
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d Conditions

BESII

= Dominating background

5000— _ _ .

- —— MC: Total mete” s ete utu

o N ——= MC:yy—e'eun c o six times | han sianal
||

§ 4000— MC: e'e—e'e Ty ross section six times larger than signal process
8 i = MC:yy—n = Good ,u/7r separation needed
9 3000~
S - mete” sete ntn™
2 - | s
~ s i
@ 2000— I l = Irreducible background o et
QC, i \ : Iy
> C \ ®m Peak in m
W 1000~ | -

- 3 e, = Can be subtracted

L o L h

.- ?53%32352%52%2%%;’e?naa%%%ﬁh SN RN

e e AR s sy e e
0 1.0 15 2.0 e
M. (GeV/c?)
® Other background < 0.5%
June 5, 2017 C.F. Redmer - Two-Photon Physics at BESIII (g-2)K Theory Initiative Workshop 8



JG|U paration

m Boosted-Decision-Tree

® Apply to individual tracks

m Use variables independent of kinematics

(1/N) dN/ dx

= Trained withy ™y — pFp and ete™ — ete ™ MC
m Correction of data/MC efficiency differences

m Selection validated with muons

June 5, 2017 C.F. Redmer - Two-Photon Physics at BESIII (9-2)u Theory Initiative Workshop

TMVA overtraining check for classifier: BDTG

BESII

TMVA
T T T T]

L En A | ‘ T= =K I | B LS I L | i ‘ T =k | | ) | [ A |
E- .g'ignal (test sample) ® Signal (training sample)
E@ Background (test sample) ® Background (training sample)
olmogorov-Smirnov test: signal (background) probability = 0.213 (0.189)

u T

T HI]IIIHlIIHlIII\kI

U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%

-0.8 -06 -04 -0.2 0 02 04 06 0.8 1
BDTG response

m Select m: ygpr > 0.58
m Efficiency 7 : 56.2%
= Efficiency u : 2.9%

m Select u:  yppr < —0.6
m Efficiency 7 : 5%
m Efficiency 1 : 60%



JG|U paration

BESII

m Boosted-Decision-Tree

[ Ap ply o1 nd VI d ual trac kS TMVA overtraining check for classifier: BDTG TMVA
3 W Signal (fest sample) || | © Sighal (traiting simple) | ]

. . . . Rud 8 i

[ | Use Varlables Independent Of klnematlcs % E@ Background (test sample) ® Background (trairing sample) =l
g 7 —Kolmogorov-Smirnov test: signal (background) probability = (1.213 (0.189) i

= Trained withy™®~v™*) — pTu and ete™ = eTe ptp MC = e

= Correction of data/MC efficiency differences 3 i " E
= Selection validated with muons i :
: &

Events after 7t-u separation :

-0.8 -06 -04 -0.2 0 02 04 06 08 1

1400 —e— MC: Total BDTG response
= MC:yy—efeu’u’
1200 LI MC: et —etepty m Selectm: yppr > 0.58
1000 — MCiyy—nm o
&2 MCiyy—y m Efficiency 7 : 56.2%
800 = MC:yy—n'n

= Efficiency p : 2.9%
600

400 m Select u:  yppr < —0.6

Events / 0.005 GeV/c?

200 m Efficiency 7 : 5%

M = = >0 = Efﬁciency U 60%
M. (GeV/c?)
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m |nterference Effects (0.3%)

= Between two-photon process and others o M
m Radiative Corrections (4.6% - 6.2%) '
= Only in two-photon process DIAG36 (w/o RC) _
Y P P BdkRc (W/RC) gl

DIAG36

= 2000[—
L —e— MC: DIAG36 .
2000 —e— MC: DIAG36-M
MC: DIAG36-M+DIAG36-ABC —
K =, 1500 S555 MC: BesBdkRe
'\9. . - -9. 1
S 1500 [ wvc: DiaG3s-ABC =
1] (0]
2 =
= 1000
o 1000 T
= i<
g g
w w
500
n B R n

_100F . 200p

2 of W—— 2 100
< O < L

00, . . YT il

0.5 1.0 15 2.0 25 3.0 15 2.0 . 3.0
2 2
M, (GeV/c?) M, (GeV/c?)

—
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® Fit peak in m,, and subtract from spectrum BGS]]I

m Gounaris-Sakurai parameterization of
m Obtain fit parameters from simulation
m Line-shape fixed when fitting data

5 4m2
_ dm; FPO-—>—) 1
IBWES + a - e*BW| |1 — ——e ntnT ———
M M?
mtmo— ntm—
»2 I ndf 2451 /611
1200 My 0.0009376 = 0.0002351
B @ 0.00572 + 0.00048
B X 2,645+ 0.076
N 1000 — Constant 1 1.652+0.014
© - B 2.266 + 0.020
> |
8 800[—
é —
2 600|—
@ B
E 400—
= =
w |
200—
= 200F | - =
o OF %
© - .
O -200E ‘ s : ‘ -
0.5 1.0 1.5 2.0 e
M...(GeV/c?)
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JG|U ross Section

BESII

dsgeeaeen"'n‘ NSig(lcosg*l! w, QZ)

d|cosf*|dWd Q> B &(|cosf* |, W, Q?)AWA|cosh*|AQ?L

= Integrated Luminosity £
= Efficiency ¢(| cos 0*|, W, Q%)
= Bin width
= Alcosf*| =0.1
= AW = 0.005 GeV /¢
" AQ?*=0.2 — 0.3 GeV?

= Number of signal events N%%(|cos6*|,W,Q?): Interference needs to be considered!

S + ‘B(peak) + B (eeun)

o o
aie . :
fix fix
smooth curve line-shape line-shape
polynomial, or normalization
exponential, or
theoretical formula
— _

~
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ament of ' 1t at BESIII

BESII

10000__ —— MC: Total i —— MC: Total
- [ MC:yy—etent i S MC:yy—e'eny
o
L B I MC: e*e'—e*e urw - i MC: e*e’ —eteuty’
g 0000 MC:yy—n 1500 MC:yy—n
g i = MCiyy—’ m % ngw*nl _
=4 6000__ HEE VC:yy—n'n %) - === Vheyy—nn
o - S 0 1000
— — Lu [
£ 4000
C —
o L
w i 500
2000~
0 2 8 1.0
Qi o) lcosf |

= First single-tag measurement of 77~ |

m Access to:

® [ow momentum transfers 0.2 < Q2 [GeV?] < 2.0
= low invariant masses m,.. <M [GeV]< 2.0
= full coverage of |cosE*|
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JGU agged Measurements

<

2 2
= Measurement of F. ... 0 (Q7, Q5)never done before!

m BESIII collected > 10 fb~1 at 3.77 < Vs [GeV] < 4.6
® Double-tag measurement possible 1

$ 0.8
m 1st Step: Test TFF models o oo
= e.g. VMD vs. LMD+V EZZj
b 05 n L@, [Gev]
Q1 [GeV] L5 20
Calculations: A. Nyffeler
o _ _ Phys.Rev. D94, 2016, 053006
m Test polarization effects in vy production
m General two-photon cross section:
. 1
do = F {’UTT orr + vpp cos(20) (o — o1) + hihavpr 3 (o0 — 02)

t+orL oLL + vrr orr + vir oLy + v cos(@) Trr + hyhavip cos(¢) TJ%L} ~

m ¢ :azimuthal angle between lepton planes iny*~* rest frame
= Allows to disentangle form factor contributions of multi-meson and tensor states
m Requires precise measurement of angles and high statistics

June 5, 2017 C.F. Redmer - Two-Photon Physics at BESIII (9-2)u Theory Initiative Workshop



JG|U Degree Detector

BESII

® Tagging of photons and electrons at small angles

® Polar angle range: 1 — 10 mrad

® Current design: Pb-SciFi, one sided

® Upgrade: Arrays of 48 crystals (PbWO, LYSO) on both sides i s

RPC: 9 RPC: 8

Electro Magnetic
Iayers Calorimeter ayers

SC
Solenoid

Barrel
ToF

Endcap
ToF

SC
Quadrupole e

. ﬂ = SEEE T ] g e ' - ’ Crystal:rreadout H
N T e
ZDD ZDD ~ 2

p
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JG|U mary

= Two-photon physics at BESIII

= Untagged measurements for light hadron spectroscopy

® Single-tag measurements of pseudoscalars for transition form factors

m Here: yv* — ™

® Requires good PID, treatment of interferences

® First measurement at low Q2, low mass, and full |cos6?|
® To be extended to neutral final states

= First double-tagged measurement v*v* — 7° started

= New prospects from tagging detectors

June 5, 2017 C.F. Redmer - Two-Photon Physics at BESIII (9-2)u Theory Initiative Workshop
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