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The hadronic contributions to (g-2),
(g-2)u Standard Model theory

BaBar, Belle, KLOE, BESIII Perturbative
SND, CMD calculations

U U U

Hadron cross-sections, Meson transition
R values—> form-factors 2> QED a.nd FW
Hadronic vacuum hadronic light-by-light Contributions

polarizations Scattering (HLbL)

(g-2) at J-PARC

(g 2) Experlments
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Comparison with experiments

D. Nomura (tau2012)

QED contribution 11 658 471.808 (0.015) x10~19 Kinoshita & Nio, Aoyama et al

EW contribution 15.4 (0.2) x10~10 Czarnecki et al

Hadronic contribution
LO hadronic 694.9 (4.3) x10~10 HLMNT11 in consistent with
NLO hadronic —9.8 (0.1) x1071° HLMNT11 PHMELD
light-by-light 10.5 (2.6) x10~10 Prades, de Rafael & Vainshtein

Theory TOTAL 11 659 182.8 (4.9) x10~1°

Experiment 11 659 208.9 (6.3) x10~1° world avg

Exp — Theory 26.1 (8.0) x10719 3.3 o discrepancy

(Numbers taken from HLMNT11, arXiv:1105.3149)

Difference: experiment — SM

a, ™ —a,M = (26.1+£8.0)x10-

=» 3.3 ”standard deviations“ (e*e)

» 2.4 ”standard deviations® (1)
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Status of hadronic vacuum polarization
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e*te” 2mut(y) cross-sections from BaBar
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Comparisons of e*e  data
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e Dip at 1.6 GeV: excited p states CMD2: 0.8%
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. . : 0
o Contribution to al24: 75%! KLOE:  0.8%
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Comparison of e*e- = 1 in p region
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KLOE and BABAR dominate the world average
Uncertainty of both measurements smaller than 1%

Systematic difference, especially above p peak

had
I

Difference — relatively large uncertainty for a
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Outline

BESIII ISR program

R scan for Ecm>2.0 GeV

Overview on meson transition form-factors
BESIII plan and prospects

Conclusion and outlook



BEPCII projec

t

< A ~
~ 2 CM Energy 2.0—-4.6 GeV

Design Luminosity 1033 cm™2 s

Achieved luminosity 85% @ 3770MeV

v A ST :
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BESIII detector

Main Drift Chamber (MDC)
- o(p)/p=0.5% @1 GeV

SC magnet

Magnet
voke . _ >
ch/dx=6.0%
TOF Time-of-flight system (TOF)
- o(t) =80ps (barrel)
- o(t) =120ps (endcap)

EMC
« 6240 CsI(TI) crystals

. o(E)/E=2.5%
+ 0,,(E)=0.5-0.7cm

Be beam pipe

MDC

oo ,
CslI calorimeter

Muon Chambers
8 — 9 layers of RPC

p>400 MeV/c
OSRD=1.4~1.7cm

¥

¥ T
A

- v~
.

Superconducting Magnet
1 T magnetic field
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Ldt (pb™)

Data samples for ISR physics

Integrated luminosities BESIII
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ISR from BESIII at 3770 MeV?

Event yield after acceptance cuts only

>
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P —— data
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° i B'ES preliminary Features:
15000 * y(3770) data only (2.9 fb?)
i * no dedicated background subtraction
10000 — * tagged ISR photon
5000 — —> large statistics of e+e- — sy events
- —> background dominated by e+e- — ppy
i - data — MC differences visible
| N | I 1 1 : | I I | | 11 1 | I I | | 11 1 | 1 1 1 I | N |
% 05, 11 1.5 2 2.5 3 35 G V]4
: i m e
—_;ﬁ ?%__ 21
initial publication
600 - 900 MeV

14-12-10 12



(1/N) dN/ dx

ete” 2 T'TU y,: after -y separation

01 02 03 04 05 06 07 08 09

CFMIpANN response

0o HIL1| Signal (test sample) ' "' |« Sighal (tralning sample) ' ' '

20 =VI/ Background (test sample) o Background (training sample)_z

18 Kolmogorov-Smirnov test: signal (background) probability = 0.735 (0.455) E
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TMVA method (Neural Network):

* trained using puy and mrwty MC events

* information based on track level

» efficiency matrix (p,®) for data, MC

» correct for data - MC differences

* cross checked for different TMVA methods
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Event yield mtry after ;- separation
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events / 20 MeV

data/MC

Measurements of efe > upy, : data vs. MC

Event yield uuy after ;- separation
and all efficiency corrections

9000

8000

7000

6000

5000

4000

3000

2000

1000

— n*mry MC
— uuy MC
—+ data )

BESII preliminary

TT IIIIIIIIIII|IllIIlIIlIlllllllllllllllllllllll

g

1.4

13—

1.2

0.8
0.7
0.6

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 7 ndf 1347134 |-
po 0.9949 + 0.0028

14-12-10

Features:

* background from sy very small

* PHOKHARA accuracy <0.5%

* luminosity measurement based
on Bhabha ev., 1.0% accuracy

- excellent agreement with QED

A(MC/QED-data) =
(0.51 + 0.28) %

- accuracy on 1% level as needed
to be competitive !
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Results(still blinded): o(ete™ — 7 7n7)

2 normalization methods: 1) normalization to L, (obtained from Bhabha events)

N7r7r'y/€e:np
Lint : Hrad ) 5vac ’ (]- + 5FSR)

2) normalization to ppy events, i.e. R ratio (rtwy/puy)

Opare(ete” = Tm™) =

2 L, H..g 6., Cancel in ratio!
RE E —+— using the luminosity Besm preliminary
z f —4— using the R ratio +
! ? + H”# The uncertainty around
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© 8 g,#? 1y ﬁ Y 1% for method 1.
2 ettt e
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R values scan in 3 Phases

- ¢ BES, Phys. Rev. Lett. 84, (2000)594
6%

-~ « BES, Phys. Rev. Lett. 88, (2002)10180
- ®@ BES, Phys. Lett. B677, (2009)239 3 59

*Phase I: pre-study, ~7 days Done
Machine study at 2.0, 2.5 and 4.2(4.6) GeV, MC tuning, ...
*Phase Il: scan resonance region, 2 months Done
~104 points in 3.8-4.6 GeV, 100k events, step 2, 5,10, 20 MeV.
Single/separated beam for beam associated background study.
*Phase Ill: scan continuum region, 6 months (2014-2015)
15 points in 2.0-3.0 GeV, 10-20 pb-1 @ each point, step 100 MeV,

|
- |
S ity |
3 o ! , T4
Jl SRANSREETE ++f'
2 3 Ecm(GeV)T 4 T
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R scan 2013-2014

Fine binning R ratio in Charmonium region:
<1% (stat.)
<2% (syst.)

" Ecm/GeV
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Proton From factor: ete™ — pp
——
Analysis Features:

2.23 2.6
* Radiative corrections from Phokhara8.0 (scan) 5 40 34
* Normalization to e+e- — e+e-, e+e- —yy 2.80 3.8
(BABAYAGA 3.5) 3.05,3.06, 3.08 60.7
* Efficiencies 60% (2.23 GeV) .... 3% (~4 GeV) 3.40, 3.50, 3.54, 3.56 23.3
*| G¢/G,, | ratio obtained for 3 cm energies 3.60,3.65,3.67 63.0
S o, aN 5 s T -
S t { pre\\m‘“ ¢ BABAR T2 ‘-e\'\ﬂ“narV o BABAR
o'k + o BESI 4 O “E P ]
E X T « ENCE 1~ 14F PS170 =
e C + x CLEO ] BT
3 . ﬁ +++ A ET60 . 12 E
: O E835 : 10 :_ _:
: LM 08¢ E
06F -
o BESL [T BEST -
S IR S ST RS SR S S - ] ] . \ N 1 e
22 24 26 28 30 32 34 36 20 25 30
M_(GeV/c) M _(GeV/c?)

Our goal is to measure the ratio of form factors with 9% - 15% accuracy.
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Meson transition form-factors P2>y*y*

Time-like transition form factors:

) e =
- Dalitz decays .0,
¢ /-
0<g*<M,? Yk &
~_e
= Annihilation process o ) ./
2 2 b AV l Wi
qQ-=s>M, e~ Y% Mgy,
ei
Space-like transition form factors: ¥, 01

= Two-photon production of mesons

in e+e-

14-12-10
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Space like form-factor: single tag method

Single Tag Method

Selection criteria
* 1 electron (positron) detected
* 1 positron (electron) along beam axis
* Meson fully reconstructed

- cut on angle of missing momentum

Momentum transfer
* tagged: Q*=-g,’>=-(p-p’)?
— Highly virtual photon

* untagged: g% =-q,2 ~ 0 GeV?

—> Quasi-real photon

EKHARA event generator
Czyz, Ivashyn
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Existing data on transition form-factors
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Features:

* recent high-Q2 data from BABAR and BELLE Q%> 4 GeV?

* above 1.5 GeV2data from CLEO

* below 1.5 GeV?2 data from CELLO, very poor accuracy

- low Q2 range not covered

most relevant for HLbL contribution to (g-2),

—> most relevant channels: 7%, n, 1", v
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BESIII sensitivity for ¢te

IlllII[IIIIIIIIIIIIIIIIIIIII

(0)
ren;'y e Shoy,
Cor, errO,. bar
CELLO 91 BE reSDOnd >
N/ Stat, .to
— CLEO 98 Stics

— BES-IIl Simulation

T s etew

KLOE-II/Frascati
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0.5 1 1.5 2 2.5

Q? in GeV?

0

« Full Simulation

. L _:2.92 fb?
- Single Tag with both, e*

- Extract TFF for 0.3 £ Q%[GeV?] £3.1

> Unprecedented
Q%< 1.5 GeV?
Input for (g-Z)u
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Outlook for (g-2),,

New (g-2), experiments at at H-Line/J-PARC and FNL will reach
0.1ppm, almost 5 times better than that from BNL:

T ‘ T T T T

JN 09 (e*e -based)

\!\\\

—299 + 65 —e—

DHMZ 10 (t-based)

195+ 54 —A—

DHMZ 10 (e*e")

—287 +49 —e—

HLMNT 11 (e'e")

—261 +49 —e—

BNL-E821 (world average) :

0+63 =
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a\4
BNL - <—> + had + weak+ 7
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27
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To improve the SM prediction, therefore, we need precision hadron cross-sections
from e+e- machine, and better spectrum from tau decays.
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Conclusion

We expect results from BESIIl soon

> Precision hadron cross-section measurements
from BESIII 2> HVP—> (g—2)u
» Space like time form factors = HLbL scattering

With more measurements from CMD, SND, BESII|I,
The uncertainty on HVP can be reduced by a factor of 2?

Thanks!

Special thanks to my BESIII colleague Achim Denig. | stolen many slides from Achim.
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