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Contribution Result in 107 units

QED(leptons) 11658471.885 =+ 0.004 Kinoshita et al. (2012)
Weak 15.4 + 0.2 Czarnecki et al. (2003)
HVP(leading order) 692.3 £4.2 Davier et al. (2011)
HVP(higher order) -9.84 £0.07 Hagiwara et al. (2009)
HLBL 11.6 + 4.0 Jegerlehner, Nyffler (2009)
Total 11659181.3 +5.8

Experiment 11659208.9 +6.3

Prediction completely limited by hadronic contributions !

Challenge:
Perturbative methods cannot be applied in the relevant energy regime
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Ight-by-Light

hLBL

a, not directly related to measurable quantities

m |nteraction of virtual mesons with real/virtual photons

m Hadronic models Glasgow Consensus, arXiv:0901.0306
_ Jegerlehner/Nyffeler, Phys.Rept.477,1
m ChPT at lowest energies
® pQCD at high energies

® Intermediate region ?

Collangelo, Hoferichter, et al. (Bern)

= Data driven approaCheS Vanderhaeghen, Pauk, et al. (Mainz)

® Based on dispersion relations
® Reduce model dependency
= Reliable error estimates

m Transition form factors (TFF) as experimental input
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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
" oo F(Q1,Q3) , with Q7 = —¢;

m Forward peaked kinematic

m Experimentally challenging
m Special tagging detectors recommended

October 27, 2016 C.F. Redmer - Two-Photon Physics at BESIII
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JG|U
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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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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

KLOE-2 Workshop



JGU Measurements

® Reconstruct

= only one scattered lepton
® Produced system

® Unmeasured lepton from momentum conservation
m Require scattering angle to be small
= Small virtuality
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®m Recent results from B-factories cover only large Q2

m Discrepancy for 1° between BaBar and Belle

m Data scarce at lowest Q2

= Region of relevance for (g-2)u
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(5 < Q2 [GeV?] < 40)

CELLO: Z.Phys.C49 (1991) 401

CLEO:
BaBar:

Belle:
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JG|U nergy Range

2D integral representation for pion-pole contribution by Knecht, Nyffeler (2002):

aELbL:WG :/0 dQl/o dQ; Z wi(Q1, @2) fi(Q1, Q2)

o, M Qi = Universal weight functions w

= Form factor dependence f

Relevant momentum regions:
0.25-1.25 GeV
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JGU nsition Form Factor

BESIII Monte Carlo, W(3770) Besm

L _:2.93fb™, Tagged Lepton: e’ = Exactly one lepton

_l|\||\|||e‘+|e-|4|)\e‘|‘-e|-1\[0|||\||\‘ll\lll\ll‘lll\gl\\l \lll_ .TWO to four photons

- e'e—e'en i

| ErIaa < '0.99

- et eelT

- Radiative Return to JAy,
w(3770) decays (DD and non-DD )

I qd continuum

radiative Bhabha scattering

10°

u Coseuntagged

<0.8

- CoseHelicity

events / 0.01

10
0 01 02 03 04 05 06 07 08 09 1
Pion Helicity Angle [cos6,]

= Angle between y in 11° rest frame and 1 in lab
= Flat for signal
m Peaked for background

m Reject events with cos(6,,) > 0.8
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JGU nsition Form Factor

BESIII Monte Carlo, W(3770) Besm
L _:2.93fb™, Tagged Lepton: e’ m Exactly one lepton

10*

T ‘ T T T ‘ T T T | ! T T | T T | T T | T T | T T T
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I ete - etem

' e ee

L e etell _ n COSG
!l Radiative Return to J/y, v
i W(3770) decays (DD and non-DD )
(I g continuum

radiative Bhabha scattering

= Two to four photons

<-0.99

untagged

<0.8

—
<
|

m COSO

Helicity

® Reject hadronic background

eventi / 0.01
)

=y

04 0.2 0 0.2 0.4 0.6 0.8 1

R,

= SR results in wrong Q? Jo_ B _ poms

= Useful observable: R, = e Cemm
2E Vs

= IfISR, R ="

Vs

m Reject events with Ry> 0.05
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JG\U nsition Form Factor

BESIII Monte Carlo, W(3770) Besm
L :2.93fb", Tagged Lepton: e’

: T 1T | T 1T | T 1T | T 1T | T 1T ‘ T 1T | T 1T : 1200 _I T T T T 1T 17T L T T T T 1T 17T T 1T 17T [ ]
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- B -te—een’ - - -
i N ete—e'em ] B 7
B B c'e o eten’n” ] 1000— |
400\ o etesetell , — i ]
o r I Radiative Return to J/y, v n B |
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% L I qg continuum _ I~ - :::_’ ::::., 0 .
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o L - B | ] iative Return to Jiy, ’ N
‘; i i % 600 B 3;:?71.) d::::ys (:Jﬁ‘”atdwmn—Dﬁ ) ]
d(IEJ’ B 7 r rd‘i):ﬁr::: I;l:lr:bha scattering ]
=200— — L _
T ] 4001 —
100 - 200 .
0 B ST ST | B | S S B | NSO IS S | b o | J_A | | | ] 0
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0 0.5 1 15 2 2.5 3
Invariant Mass yy [GeV/c?] Momentum Transfer Q° [GeV?/c?]
. 0 . . .
m Analysis useful for 7 and 7 m Bkg subtr. by counting 1° yield per Q2 bin

m Monte Carlo description of background incomplete m |F(Q?)|2 extracted by division by WZW-MC
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ansition Form Factor

m Exactly one lepton BGS]]I

AR R = Two to four photons
- —}— CELLO 91
02 —— CLEO 98 . m COSOaggea < -0.99
3 | T S, E = COSB,i1c, <08
90.15— —
— | %i%l ] ® Reject hadronic background
G0 ++£Hﬂ—% 1
I 01— n .
e} *ﬁ ]
ol T E m Bkg subtr. by counting 1t° yield per Q2 bin
_ _ m |F(Q?)|? extracted by division by WZW-MC
00””0!5””'1‘"'1!5””2'""2?5"":;

Momentum Transfer @? [GeV?]

= Full BESIII W(3770) data set analyzed
= Only statistical errors shown

_ _ _ = Competitive accuracy up to 3.1 GeV?
m Systematic uncertainty dominated by

background subtraction ® Unprecedented accuracy below Q*=1.5 GeV?
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JG|U tion to a,

= Current accuracy of a, : ~ 6.3 x 107"

~ 7 X 10_10 Knecht,Nyffeler

. . 0 .
= Contribution of 7 : Phys.Rev.D65 (2002) 073034

= Expected accuracy of new experiments at FNAL and J-PARC: ~ 1.6 x 10"

= Contributions of 7 andn’ relevant!

—10
n ~15x10 Knecht,Nyffeler
77/ ~ 15 x 1010 Phys.Rev.D65 (2002) 073034

October 27, 2016 C.F. Redmer - Two-Photon Physics at BESIII KLOE-2 Workshop
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JG|U ansition Form Factor

BESII

BESIII Simulation: 2.9fb~! @ 3.773 GeV mp—rir al

f mn =t

Y=

T

-~
o

IIII|IIII|IIII|IIII|IIII|IIII|IIII|III
-

60 = Any combination of

W=
50

Events per 10 MeV

B one positron

40 ® two charged pions

20 ,} = two photons

20

m COSO > (0.99

B untagged

10

O = reject hadronic background

=T s i e R

= Mass window cuts on yy invariant mass

m Kinematic fit

= Relatively low background conditions
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ansition Form Factor

, BESII
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= Full BESIII W(3770) data set analyzed

m statistics compatible to previous measurements
= only one decay channel of n and n' analyzed at BESIII
®= More (x3.5) data available

m Systematic studies to be done
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JG|U ransition Form Factor

m Additional Motivations:

® Resonance parameters
= Pion polarizabilities, pion structure
m Essentlal for dlsperS|Ve frameworks CO”B.I”IgElO, Hoferichter, Procura, Stoffer

JHEP 1409,091; JHEP1509,074
m Rescattering effects in low mass region

= Until recently only untagged measurements:

400r —+ Belle Markll, Phys. Rev. D42 (1990) 5
= I il CELLO, Z. Phys. C56 (1992) 381
£ 300 —— MARKII
s [ Belle, Phys. Rev D75 (2007) 051101
5 [
& 200 H
8 <
O - !
100 SAETEN .
Oi..ll.\l [ | |.°'ﬂ
0.4 0.6 0.8 1.0 1.2 1.4
M.._(GeV/c?)
® First single-tagged result on mome by Belle Phys. Rev. D93 (2016) 032003
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JG|U ransition Form Factor

= Additional Motivations:

®= Resonance parameters
® Pion polarizabilities, pion structure
= Essential for dispersive frameworks Collangelo, Hoferichter, Procura, Stoffer

JHEP 1409,091; JHEP1509,074
m Rescattering effects in low mass region

= Until recently only untagged measurements:

A +§‘;"LGL Calculations by
_ D Assmussen, Masjuan, and Vanderhaeghen:
2 Ll —— MARKII
! | =L |
. Single-Tag  (Q? = 0.5GeV?)

50 | :': 2 2 2

| S Double-Tag (Q7 = Q2 = 0.5GeV”)
0 03 01 05 06 07 08 05 1 11 12
V5 [GeV]
® First single-tagged result on mome by Belle Phys. Rev. D93 (2016) 032003
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JG|U ransition Form Factor

BESII

= At BESIII: Single-Tag measurement

® Event selection analogous to single pseudoscalar analysis

® Major Backgrounds:
tem wefe ntn™

m Radiative Bhabha scattering coupling to p (s + t channel)
= MC generators missing

H e

e* e*

=y =t e/ \e

® Two-photon production of muon pairs

® Precise MC generators available from LEP era (BdkRC + Diag36ABC)

® Train ANN to suppress muon background e\/
3
|

U
e_/Ke_

October 27, 2016 C.F. Redmer - Two-Photon Physics at BESIII KLOE-2 Workshop 18
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m Subtract muon background using MC distributions

= To be replaced with ANN trained for muon suppression

m Subtract p contribution

® Fit with Kilhn-Santamaria parameterization

» Study 77~ invariant mass in bins of Q2 and cos@*

= First single-tag measurement of 777~ |

m Access to:

® [ow momentum transfers 0.2 < Q2 [GeV?] < 2.0
= low invariant masses m,,. < M [GeV] < 2.0

= full coverage of cosB*

October 27, 2016 C.F. Redmer - Two-Photon Physics at BESIII KLOE-2 Workshop

ransition Form Factor

BESII
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JGU agged Measurements

= More than 10 fb~1 on disk at 3.77 < Vs [GeV] < 4.6

®= Double-tag measurement possible
= Measure F-0(Q7,Q3) _ 4

m 1st Step: Test TFF models
®m e.g. VMD vs. LMD+V

o 2
=3
T

* (_ %7_Q%

=
I

_AF(Q1aY)
e
]‘;07*7

=

(3]

=

Calculations: A. Nyffeler
hep-ph:1602.03398

m Test polarization in 77 production
® General two-photon cross section:

- 1
do = F {'UTT orT + Vipp €08(2¢) (a” — al) + hyhovp 5 (o9 — 02)

oL oL + vrL orn + vir oL + vpg cos(@) Trr + hihavyy cos(¢) T%L} '

m ¢ :azimuthal angle between lepton planes in v*~v* CMS
® Allows to disentangle form factor contributions of multi-meson and tensor states

m Requires precise measurement of angles
October 27, 2016 C.F. Redmer - Two-Photon Physics at BESIII KLOE-2 Workshop 20



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

ot
Quadrupole 2t

. = S f i = ' Tri—gger (scintillator)
. ~ ‘ nw
ZDD ZDD

Crystal+readout

/‘ T e N :

R .
- il s
; . - e

-
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JG|U mary

= Two-photon physics program established at BESIII

= Single-tag measurements of 1% n, and n' transition form factors
m Unprecedented accuracy for Q2 < 1.5 GeV?

= Single-tag measurement of it~

® First measurement at low QZ2, low mass
® To be extended to neutral final states

= First double-tagged measurement v*v* — =¥ started
= New prospects from tagging detectors

m Recent addition to the v+ program:
m Untagged measurements for light hadron spectroscopy

October 27, 2016 C.F. Redmer - Two-Photon Physics at BESIII KLOE-2 Workshop
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