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JGlu Anomalous Magnetic Moment of the p
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® Discrepancy between SM prediction and measurement! -
. 3.7¢
= New measurements at FermiLab and J-PARC BN (x4 acouracy) ul
7.00
® Improvement of SM prediction necessary ——— —— —
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(2, x 10'%)-11659000
Uncertainty of SM prediction completely limited by hadronic contributions!

Use input from experiments
to improve SM prediction!

Hadronic Vacuum Polarization Hadronic Light-by-Light Scattering
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JG|u Relevant Processes and Energies

Counting scheme for contributions to al;“*" (de Rafael, Phys.Lett.B322, 239, 1994)

Exchange of
znn other reso- . . . .
% % é i -+ nances Dominating contributions:
(fb,al,fz <: = PS meson exchange

= Pion loops

Chiral counting:

Nc-counting: 1 Nc N¢ Nc¢

3D integral representation for PS-pole contribution: ( Nyffeler, Phys.Rev.D94,053006, 2016 )
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Universal weight functions w_, w, Form factor dependence F
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Relevant momentum region: 0.25 - 1.25 GeV
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jGlu BESIII at BEPCII
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Muon Chambers

= 8 -9 layers of RPC
= p>400 MeV/c

B JQR®P=14~1.7cm

Superconducting Magnet j
= 1 T magnetic field

EM Calorimeter (EMC)

®m 6240 CsI(TI) crystals
= o(E)/E =2.5%

m 0, (E)=05-0.7cm

~

T
Time-of-flight system (TOF)

® g(t) =90ps (barrel)
= g(t) = 110ps (endcap)
N—

j

~ Drift Chamber (MDC)

—

= o(p)/p =0.5%
m 0 = 6.0%




jGlu BESIII at BEPCII

® Operated at BEPCII collider
m20<+s[GeV] <46
® Design luminosity achieved
m L =1.0x10%cm s at (3770)

10% g
C 4180
* w(3770)
1035— A o v .
_ A T VS \4040) XYZ
® Data taking for S el ..
= Charmonium spectroscopy Sl Teno
= Charm physics 10E
= | ight hadrons i
= T and R-scan "B 35 a0 45
E,, (GeV)
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jG|lu Two-photon Physics at BESII|

= Determine transition form factors (TFF) as input for HLbL calculations BGS]]I
= Cross section ofy~ processes proportional to square of TFF
® Single-tagged measurements to study momentum dependence of TFFs

i TTTT T a\ |e T
| B sc e’
10° | P eeseen -
| P eeseten
I B se— eten’n®
r e'e— el b
10°E I I R:diative Return to Jiy, v _
£ | (3770) decays (DD and non-DD )E
- | "'mw I g continuum b
. R e CO n St r u Ct : ; 1 04 I " radiative Bhabha scattering 7
510
= only one scattered lepton : | wpret oot
o [ BEs\

® produced system
= unmeasured lepton from momentum conservation

® Require scattering angle of missing momentum to be small
= Small virtuality of exchanged photon

= F(Q1,Q3) — F(Q7,0)
Reject events with grag - €0S(Omiss) > —0.99

diag - Charge of tagged lepton in units of [e]

0 0.95 09 ~0.85 08
Missing Polar Angle [Cosemiss*qtag]
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JGlu Space-like Tt® Transition Form Factor
m Basedon 2.9fb tat 3.773 GeV B-ES]]I

= Select: 600

_I TTT II\\|I\\\‘II\\|II\\|I\\\‘II\\'II\\'I\\\‘II\\_ 3000 T T T ‘ T T | T T ‘ T ‘ T T | T T ‘
= Exactly one lepton - —+— Dala(e tagged) f i T Data (" tagged) ]
- r radiative Bhabha scattering N - T radiative Bhabha scattering -
At least two photons sool- B o5 continuum s B coninum B
i y(3770) decays (DD and non-Dﬁ) i i I :(?;?79) d:cays(Dl:;/and non-DD) ]
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. .. 400; e'e - e'ell - I P et eten’n? ]
® Single-tag condition N B oo e 1 —— R ]
= Helicity angle of photons 2 B ceoeten 1 & T + B eemeen 1
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® Clear signals of 7" and 7 1T 1 % T
® [ncomplete MC description . S T
® Data-driven background subtraction e | E 255 ] 3
016} — O C =
== 4 S*E =
. . . . = 12F f = = b 3
= Divide out point-like cross section So- | ERCi E
' istributi o & i \ == s E
using MC distributions < L A w ._.‘. i H LMM—E T e
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JGlu Space-like Tt® Transition Form Factor

Systematic Uncertainties of |F(Q?)|

External

Analysis

Background subtraction

Tracking efficiency

Photon detection efficiency
Luminosity

Gtag - COS Omiss < —0.99
cosfy < 0.8

[Adqy| < g

|AG,, — 0.01geag| > 0.02
R, <0.05
Reconstruction efficiency
Signal shape

Event counting

Background shape

0.25%

1%
0.25%
0.1% —3.1%
0.2% — 4.5%
negligible
0.3% — 9.8%
1.0% - 7.7%
1.6% - 17.2%
0.1% — 1.9%
0.1% - 11.1%
0.2% — 21.0%
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® Contributions added in quadrature

BESIT

® Full correlation between contributions of analysis
conditions and background subtraction assumed

® Error estimate does not consider radiative effects
® To be evaluated with recently released Ekhara 3.0

Comp. Phys. Commun. 234 (2019) 245

0.25_I T T T T T T 7 L ‘ L | T T 7 | T 1T 7T ‘_
ol —}— This Work, stat. err. only B
r —I— This Work, total error b

" e\\ _
0.151 E “\ ) + 1
o ++ ﬁL + :
[ ++ i
0.05— ]
O_I | | | | L1 11 ‘ L1 1 1| | | T | L1 11 ‘_

0 05 1 1.5 2 2.5 3

Momentum Transfer @° [GeV?]

Photon2019, Frascati



JGlu Space-like Tt® Transition Form Factor
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CELLO: Z. Phys. C49 (1991) 401
CLEO: Phys. Rev. D57 (1998) 33
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BESIT

Comparison to previous measurements:
= First measurement below 0.5 GeV?
= Unprecedented accuracy below Q2=1.5 GeV?

= Competitive accuracy up to 3.1 GeV?
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JGlu Space-like Tt® Transition Form Factor

Comparison to Theory: Data-driven Approaches B'GS]]I
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Construction of space-like TFF using time-like Fit previous measurements with Padé approximants

Masjuan et al., Phys. Rev. D86 (2012) 094021

Model independent (mathematical technique)
Provides estimate of systematic uncertainties

experimental results in dispersive calculations
Hoferichter et al., Phys. Rev. Lett. 121 (2018) 112002
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JG|u Space-like Tt*TT Transition Form Factor

Motivation:

m Essential for dispersive approaches to HIbL contribution to a,

® Previous measurements mostly with quasi-real photons
® Data scarce at small invariant masses and momentum transfer

At BESIII:
® Single-Tag measurement
® Event selection analogous to single pseudoscalar analysis

= Multivariate methods to suppress muon background e+\ / e ot e*
= Subtraction of p contributionin eTe™ — eTe ™ : A
= Fit peak in data using shape from theory C " 18
V!
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JG|u Space-like Tt*TT Transition Form Factor

10000 ool
Study 77~ invariant mass in bins of Q2 and cos6* v f L Mo g
=
9_ 6000~ BEEE VC:yy—n'n
N 2 4000
First single-tag measurement of 77| % 000/
Access to: | e
= Small momentum transfers 0.2 < Q2 [GeV?] < 2.0 2000- agge_MC‘T .
= Small invariant masses m_,_ <M [GeV] < 2.0 i AT
1500— MC:yy—n
= Full coverage of cos6* £ MGy

E==a MC:yy—n'n

1000-

Events

5001
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Single-tagged measurements
= Complete TFF studies of single mesons (7, 7n’)
® Extend two-meson studies to neutral channels (7270, 7%, nn)
= Investigate higher multiplicity final states (3, 4, ...)
= Axial and tensor contributions to a,

Double-tagged measurements
= Complementary to BaBar measurement of ' TFF
= Cover all single pseudoscalar states for Q2 < 2 GeV?
® Feasibility studies successful
= Development and installation of dedicated taggers
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JGlu Summary

BESIII established a competitive two-photon physics program

= Motivated by the data-driven calculations for a; “*"

= Single-tag measurements

= 119, n, and n' transition form factors with unprecedented accuracy (Q? < 1.5 GeV?)
=TT, TOTO, 10N, NN

® First measurement at low Q?

m Covers masses from threshold and the full helicity angle
= Higher multiplicities to study axial and tensor mesons

= Double-tagged measurement ~v*~v* — =¥ started

= Untagged measurements for spectroscopy purposes
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