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Muon Anomaly

gu—2 «
= Muon anomaly: a, = “2 = o—+...= 0.0011659 ...

= Experimental: a & = 1165 920 8.9 (6.3) x 10719 (0.54 ppm)

= Standard Model prediction: a M = g 9P + g weak + g had

= 1165 918 2.3 (4.3) x 10-10

a,-a M 26.8 + 7.6 (3.50)
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= Model calculations

= Data-driven approach
= Reduce model dependency
(goal:10..20%)

= Reliable error estimations

= | attice calculation




Experimental Input for HLbL

Transition form factors, Helicity amplitudes

Space-like Time-like

BaBar, Belle, BESIII, CELLO, A2, BESIII, NA60, CMD-2, SND, ...
CLEO, ...




Experimental Input for HLbL

Transition form factors, Helicity amplitudes
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Space-like TFFs

e’ e’
Z g Untag:
Y ‘Z
%ég = Only tag the hadron products, P,-balance
VS
5% = F[Q,,*~0]
e e
et & Single tag:
y*%_‘% = Tag the hadron products
Y ng = = Tag only one lepton, missing momentum direction
e e = F[Q.2, Q,2~0]

Double tag:
= Tag the hadron products

= Tag both leptons
= FIQs% Q7]




Existing Data: Space-like
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= CLEO: Q2> 1.5 GeV?

= CELLO: Q%< 1.5 GeV?, very poor
accuracy

Low Q2 range not covered/precise




Relevant Q2 Region
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ete- — e*e 1t at BESIII
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ete- — e*e 1t at BESIII

10*

10°
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4180

[
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w2S) | (2040) XYZ

~17.5 b ..

151 R-scan samples:
2.0~4.6 GeV

1 | 1 1 1
3.0 3.5 4.0 4.5
E., (GeV)

2.93 b
Signal: EKHARAZ2.1 generator

Event Selection:

Exactly one lepton candidate,
E/P>0.8

At least two, max four photons

Cut on angle of the missing
momentum

Helicity angle cos 6,< 0.8

Kinematic cuts to reject ISR
background




ete- — ete ' at BESIII

600' 1 2 ’.’"':" ™rT ’ ™r YYYY ™rT "1 ™rYT 1'1 ™rT I ™rTrT I'. '.7?';‘,‘.‘4’ I T 3000' T | R ) l’ T ry T r ™Tr—Tr—T I N . B 7' | IR R ) T T Tl I
[ T Data (e” tagged) L ——F—— Data (e” tagged)
r radiative Bhabha scattering r 2 5 radiative Bhabha scattering
[ ] ; ' [ ) B G continuum
— continuum — - |
500;‘ i 4o < . 2500 = w(3770) decays (DD and qon-DD) i
I WiS270) decays (DD snd r?on-DD ) F w B Radiative Return to Jiy, v -1
L I Radiative Return to Jiy, w - r e'e— e'elT ]
a00/— oW aeLl = 2000 B e e'ex'x =
N&’ I B e c— e'ex’x° - I B ee—een =
> L ‘e e'en’ : [ B ce o eve =
[T BN e'e—e'en 2 w F T n s
= K e L ] 2 b B cc—eex’ R
N300 B ‘e e'en - ®s00— -+ -~
2 I = : & _ ena® :
s @ 5 F v -
% - 1 I E{—s\“ P 5
200— - 1000— —
1 00; =] 500— N —
L — : —— ]
;;_ n "_ 4 l Qe 4 & 1 1 | o B S van o mows moe VIS B0 -
8}

i . 0
0 01 02 03 04 05 06 0.7, 08 09 1 0 0.5 1 1.5 52 5 3
Invariant Mass vy [GeV/c?] Momentum Transfer Q° [GeV /c2]




Form Factor Calculation

Count n0 yield in Form factor
Strategy: bins of Q2 » do/dC? » F(Q?)




Form Factor Calculation

Count #0 yield in Form factor
Strategy: = ping of Oz B o F(Q?)

-

= Fit invariant mass distribution for each Q2 bin \
= Exclude peak region from fit

= Count number of events in peak region above fitted background
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Form Factor Calculation

Count n0 yield in Form factor
Strategy: bins of Q2 » sletieles » F(Q?)

4 N

= Normalize background subtracted data to detection efficiency and
luminosity
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Count n0 yield in Form factor
Strategy: bins of Q2 » do/dC? » F(Q?)

4 N

= Normalize background subtracted data to detection efficiency and
luminosity

» Divide by point-like cross section to obtain TFF




Form Factor Calculation

Count n0 yield in

Form factor
Strategy: ins of O2 B do/dQz B

F(Q?)

4 N

= Normalize background subtracted data to detection efficiency and
luminosity

» Divide by point-like cross section to obtain TFF
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Comparison to Theory

Models:
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Comparison to Theory

Data-driven Approaches:
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m Padé approximants

m  Construction of space-like TFF using = Fit previous measurements
time-like experimental results in = Model independent

dispersive calculations
m  Estimation of systematic uncertainty

m  Agreement with result: 2 =11.52
J X center m  Agreement with result: %2 s = 5.74




Space-like TFF: n/n’
MC only, y(3770) statistics: 2.93 fb™’
Fy 00 (@) e (Q7)
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» Results competitive to previous measurement

» More data and more decay modes — order of magnitude improvement




Time-like TFF: 1’

dl'(n’ — ~IT17)
dg*T'(n" — vv)

= [QED(¢?)]

Point-like

' 1.31 billion Jip events

10 3 864+36 events
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Vector meson dominance model:
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A2=(1.60£0.17+£0.08) GeV-?
Agrees with VMD prediction
Space-like result




Space-like n*r

= First single-tag measurement, 7.5fb-' data sample
= Event selection similar to pesudoscalar analysis
= Dominate background:

= e'e—e'eutw

QED process, dedicated uw/n separation, remaining estimated with
precise MC simulation BdkRc + DIAG36-ABC

= e*e—e*enn (not two photon process)

Same final states as signal, radiative Bhabha scattering couples to

vector resonance (p), extract using fit method

\{
Y
AU
[
Y
A




Available region

= Extract cross section in bins of W, Q2 and cos6*

Access to: Q2 region: 0.1 - 4.0 GeV?
W: threshold - 2.0 GeV/c?

|cos6*|: 0.0 - 1.0
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Conclusion and Outiook

Input for HLbL.:
® Transition form factors of 7% 1, 1" in relevant Q2 region
= Unprecedented accuracy for Q%<1.5 GeV?
® First measurement of single tag yy—n*m

m Start from 2z invariant mass threshold, access to low QZ2, cover full
helicity angle

= To be extended to neutral pion pair final state

= Double tag study of ni® possible using BESIII statistics

THANK YOU FOR YOUR ATTENTION!




Beijing Electron Positron Collider-il

~ : 3 g ==

Magnet yoke

TOF: (o7)
80 ps /110 ps
Beam pipe
MDC:

. o)
op/p: 0.5% at 1GeVic Csl calorimeter:

dE/dx: 6% AE/E: 2.5% / 5.0% at 1 GeV:

0,: 0.6 cm/AE

-~ »

=\ A BEPCII: t-charm factory
N Beam energy:
1-2.3 GeV
: Design luminosity:
£ 1x1033 cm2s-1 (April 2016)
g Data taking from 2009 to present



Cross section (nb)

Previous Measurement
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Markll: 209 fb-' @ 29 GeV cover W from 0.35 to 1.60 GeV

+— Belle
—— CELLO
—— MARKII

06 08 10 12 14

M.._(GeV/c?)

Cello: 86 fb' cover W from 0.75 to 1.9 GeV

Belle: 85.9 fb-' @10.52-10.58 GeV cover W from 0.8 to 1.5 GeV

All in two real photon case:
Al i

In low mass region, only

measurement come from
Markl|




Systematic Uncertainties

22)

AlF(@Q
Error propagation: | )i = 2\/7

Source Contribution

External Tracking efficiency 0.25%
Photon detection efficiency 1%
Luminosity 0.25%
Analysis (hag * €08 Oiss < —0.99 0.1% - 3.1%
cosfy < 0.8 0.2% - 4.5%
1Ag,,| < g negligible
AG ., — 0.01gg] > 0.02 0.3% — 9.8%
R, <0.05 1.0% —7.7%
Reconstruction efficiency 1.6% — 17.2%
Background subtraction Signal shape 0.1% - 1.9%
Event counting 0.1% - 11.1%
Background shape 0.2% — 21.0%
Total 3.9% - 30.0%




Time-like TFF: A2
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