Measurement of the e'¢” —=na'n
cross section at BESII|

Benedikt Kloss
for the BESIII Collaboration

Institute of Nuclear Physics — Mainz University

L E @ reiswa BESII

THE LOW-ENERGY FRONTIER sjonannes GUTENBERG
OF THE STANDARD MODEL UNIVERSITAT MaINz

Twelfth Conference on the Intersections of Particle and Nuclear Physics
May 2015, Vail, Colorado



Very basic cross section and form factor!

Motivation:
The anomalous magnetic moment
of the muon

B field



The anomalous magnetic moment

Our goal: Measurement of hadronic cross section as input for
_8u=?
S,

a

experimental measurement: a;"p =(11659208.9 + 6.3)- 107"
PRD 73, 072(2006)

theoretical prediction: aiM =(11659580.2 = 4.9)- 107"

Eur. Phys. J. C71, 1515(2011)

= discrepancy: 3.6 standard deviations



The anomalous magnetic moment

Theoretical prediction: ;" = a2 + 4" + a,""

l

can not be calculated by means of perturbative calculations




The anomalous magnetic moment

QED weak hadr

. . o . SM _
Theoretical prediction: a," =a,;" +a;"" +a,

T

B field

I B
hadronic vacuum polarization: hadronic light-by-light scattering:

a, """ =(692.2+4.2)10™"° Davieretal. a, """ =(10.5£2.6): 107" prades et al.
(11.6 = 4.0)- 107 Nyffeler



The anomalous magnetic moment

Theoretical prediction: o =a

T

OED weak
u u

B field

hadronic vacuum polarization:

u

a," """ =(6922+42)-10™"° Davieretal

!

Dispersion reslation

1 o
a" " = = f o K(s)o(e*e™ — hadr)ds

1
Kernel function K(s) o< —
S

+a +d

hadr

u

I I
hadronic light-by-light scattering

ay " = (10.5 £2.6) 107 prades et

(11.6 + 4.0)- 107 Nyfeler

|

model dependent



Hadronic Vacuum Polarization

Contributions of hadronic cross sections
to the hadronic content a , had of the
(g-2) anomaly:

The largest contribution is below 1 GeV.

Channel e'e” — "™ is the most important one.
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Hadronic Vacuum Polarization

This has already been measured with high precision among others
at BaBar, KLOE, CMD?2, and SND.
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Systematic uncertainties: BaBar: 0.5%

KLOE: 0.8%
CMD2: 0.8% (limited by statistics)
iy SND: |.5% (limited by statistics)



Hadronic Vacuum Polarization
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KLOEOQS: untagged ISR, normalization to radiator function
KLOE10: tagged ISR, normalization to radiator function
o KLOE12: untagged ISR, normalization to u*-y events (as BaBar)

.....




Hadronic Vacuum Polarization

. 1 %
This leads to different values for a,"""" 54—ﬂ3f4m2 K(s)o(e'e” — hadr)ds

Aa, reduces to 2.40, when using BaBar data only.

e BaBar
——— KLOE 12
. KLOE 10 27 contribution
. . KLOE 08
360I — I36|35I — I37|OI — IS;SI — I38|0I — ISE|35I — I39|0I — I395

a2*°(600 - 900 MeV) [107]

mass range we have studied at BESIIl: 600 — 900 MeV

— ~ 70% of 21t contribution
—  ~50% of aZ“dF’VP



Hadronic Vacuum Polarization

Our goal:

Measurement of the e¢'e” —= a1~ cross section
at the BESIIlI experiment

with a precision

in the order of 1%




The BESII experiment

Benedikt Kloss - University of Mainz



BESIII
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BEPCII

BESII

Integrated luminosities BESIII
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BEPCII Collider:

* located in Beijing, China

* symmetric ete collider

*2 GeV < Ery < 4.6 GeV

« data taken at /s = 3.77 GeV :2.9 fb’!
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BESIII Detector BGS]]I

1T superconducting solenoid magnet Muon Chamber
RPC: 9 . RPC: 8
ayers o ayers

SC
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Time-Of-Flight System Csl Crystal Calorimeter
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(Graphic produced by Matthias Ulrich, GieBen)
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Initial State Radiation Analysis




Initial State Radiation

e+ ¥ , ot
* photon emitted in the initial state ,’
* nominal energy lowered by the energy of the emitted photon
= measurements at different energies possible S
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Initial State Radiation

et 9 A
Study the channel “
e'e” > IY g
.8
e » T
to measure the cross section of e¢'¢” —=m
via
do.(M, ) 2M
ISR s 2is W(S,xﬁy)- G(Mzn) (neglecting FSR)

dM ,_ S

invariant mass of 21T Radiator function



ISR analysis

acceptance requirements only

2 25000 — + . -
= B — 'y MC
e 0 — wtuy MC 2.9 fbl, taken at 3.77 GeV
@ 200001 —+ data
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0 i
(] L
15000 — o * MC produced with Phokhara
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ISR analysis

Muon suppression:

* TMVA method (Neural Network)
* trained with MC events
« efficiency matrix (p, @) for data-MC

* track-based data-MC corrections

* cross checked for different TMVA methods

TMVA overtraining check for classifier: CFMIpANN

9p [0 Signal (test sample) '~
E Background (test sample)

o Sighal (training shmple)
o Background (training sample)

(1/N) dN/ dx
S

EKoImogorov-Smirnov test: signal (background) probability = 0.735 (0.455)

N: BESIT

10} PRELIMINARY

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

-----

.....
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CFMIpANN response



ISR analysis

Muon suppression:

* TMVA method (Neural Network)

* trained with MC events

« efficiency matrix (p, @) for data-MC

* track-based data-MC corrections

* cross checked for different TMVA methods

TMVA overtraining check for classifier: CFMIpANN

(1/N) dN/ dx
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EKoImogorov-Smirnov test: signal (background) probability = 0.735 (0.455)
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0.9
CFMIpANN response

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

Event yield:

* selection requirements and ANN applied
* after background subtraction
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events / 20 MeV

data/MC

Data vs. QED

reverse selection: U*Hy
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Normalization methods

|.) Normalization to integrated luminosity L,
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obere(ee— xtly ) [nb]

luminosity / R ratio

Normalization methods

1)

Normalization to integrated luminosity L,
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2.) Normalization to J*Jy events,i.e.R ratio n'ny / h*yy

Luminosity / R ratio — 1

= (0.35 * 1.68) %

limited by u*u-y statistics



Summary of Systematic Uncertainties

source

photon efficiency correction
pion tracking efficiency correction

uncertainty (%)
BESII
0.3

pion ANN efficiency correction 0.2 PRELIMINARY
pion e-PID efficiency correction 0.2
ANN negl. Luminosity is the limiting factor!
angular acceptance 0.1
muon background subtraction 0.06 O.U" plan:
non-muon background subtraction 0.03 Redo the luminosity measurement
unfolding 0.2 and reduce its
FSR correction dgsg 0.2 systematic uncertainty.
vacuum polarization correction o, 0.2
radiator function 0.5
Luminosity £ 1.0 — new tool: Babayaga@NLO
sum 1.3 — matter of weeks




Results

BESII

PRELIMINARY
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Extracted Form Factor
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Fit parameters

T T T
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Comparison to other experiments
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IF 2

Comparison to other experiments
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Comparison to BaBar
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Comparison to KLOE
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Comparison to CMD2 and SND
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Result for (g-2)

[ T e B BN AL
® ! BaBar
® KLOE 12
— BESIT e
PRELIMINARY
° = KLOE 08
. : BESIII
360 lll36155l I37|0III IS;SIII I381011113tl3511113€l)0llll
a2"°(600 - 900 MeV) [107]
Experiment a, ™0 (600 - 900 MeV) [10-'9]
BaBar 376.7 £ 2.0, £ 1.9,
KLOE 08 368.9 £ 0.4, £ 2.3 op £ 2.2 theo
KLOE 10 366.1 £ 0.9, £ 2.3 o,p £ 2.2 theo
KLOE 12 366.7 £ 1.2, £ 2.4 o\ £ 0.8, heo
BESIII (preliminary) 3744+ 2.6, 4.9

395



Summary

* Aa, is confirmed

* For the future: there is a factor 3 more data available at BESIII

* Systematic uncertainty still dominating

* Currently a systematic uncertainty of 1.3% is reached

* We want to redo the luminosity measurement to decrease this error

* Paper will be published as soon as possible

Thank you for your attention!

BESII



Backup

Benedikt Kloss & Achim Denig




Extracted Form Factor

— BESIII fit ]
-4 BESII

IF

BESII

PRI TS ST SR | PR SN ST ST N T R SR
0.8 0.85 0.9

Parameter PDG BaBar KLOE BESIII
m , (MeV) 77549034 775.02+0.31 774.3+0.1 775105
[, (MeV) 149.1 £ 0.8 149.59 £ 0.67 146.9 £ 0.2 150.6 £ 0.8
m, (MeV) 782.65+0.12 781.91+0.18 782.7+0.2 781.6+1.1
[, (MeV) 8.49 £ 0.08 8.13 £ 0.36 7.0+£04 104 +2.3
le,| (1073) 1.644 + 0.061 1.45 + 0.04 21+0.3
¢, (rad) -0.011 £ 0.037 0.18 + 0.03 -0.02 £ 0.15

JGlu

waines GUTENBERG Benedikt Kloss - University of Mainz
UNIVERDIIAI -



ISR analysis

Selection Efficiency: Unfolding:

* determined with MC * using Singular Value Decomposition
e corrected for data-MC differences Nucl.Instrum.Meth. A372:469-481 (1996)

* response matrix determined with MC

global efficiency / 5 MeV
=
3

PRELIMINARY
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Initial State Radiation

Two different analysis types:
* tagged: photon is detected in the Electromagnetic Calorimeter
* untagged: photon leaves the detector (most probable case)

EMC EMC

H H
e —

tagged: untagged:
photon hits EMC photon leaves the detector



Global efficiency
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Structure of the analysis

BESIII ¥ (3770) data set

1. event selection
2. background subtraction

Jreconstructed” number of 'y events

1. unfolding
2. divide by global efficiency

»true“ number of 'y events

ivi luminosi
calculate R ratio or divide b.y u osn.t Y
and radiator function

o(ete— ') ‘

FSR correction and
vacuum polarisation correction

| obare(ete = TUTC(Yegg))

Benedikt Kloss - University of Mainz
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Efficiency Corrections

pion tracking efficiency

muon tracking efficiency

photon efficiency

pion PID efficiency (neural network)
muon PID efficiency (neural network)

electron PID efficiency

Main part of the analysis.

Essential to reach high precision.
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