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Muon Anomaly: a, = (g-2) /2

= Experimental: a®** = 1165 920 8.9 (6.3) x 10-1° (0.54 ppm)
[BNL-E821: PRD 73 072003]

= Standard Model prediction: a5M = a®&P +gveak +ghad

Contribution | _______inunitsf0™®|

QED(y+lepton) 1165 847 1.8951+ 0.0080 Kinoshita et.al. (2012)
EW 15.36 = 0.10 Gnendiger, Stockinger,
Stockinger-kim (2013)
HVP,LO 692.3 + 4.2 Davier et. al. (2011)
HVP,NLO -9.84 £ 0.07 Hagiwara et al. (2009)
HLbL 116 =+ 4.0 Jegerlehner, Nyffler
(2009)

Total 11659181.3 + 5.8




Hadronic Contributions

Hadronic Vacuum Polarization

Optical theorem

q & q
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Dispersion integral

Ved

o...= o( e*e — hadrons)
had

~1/s = Low energy contributions important!
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Kernel function ~ 1/s




Hadronic Contributions

Hadronic Light-by-Light
» Only model calculations so far

= Data-driven approach been developed

[Colangelo et al ’14; Pauk, Vanderhaeghen '14]
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Hadronic Cross Section
0;.4 (e"e-— hadrons)




Hadronic Cross Section

= Energy Scan:

= CMD & SND at VEPP-2M & VEPP-2000 in Novosibirsk
= BESIII at BEPCII in Beijing

= Initial State Radiation:
= KLOE at DA9NE in Frascati e’ q
= BABAR at PEP-Il in Stanford Vs M
= BESIII at BEPCII in Beijing Vs =

= Needs no systematic
variation of beam energy

= High statistics thanks to high
integrated luminosities

e < BESII| ™
D BABAR




Most Relevant Channel:
ete — '
= KLOE and BABAR dominate the world average
=  Both with uncertainties smaller than 1%

= Relatively large systematic differences, especially above p peak

- Knowledge of a "2 dramatically limited due to this difference
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Beljmg Electron Positron Collider-li
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Beijing Electron Positron Collider-Il

Magnet yoke

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

MDC: ~ 5
o,/p: 0.5% at 1GeV/c

Csl calorimeter:

dE/dx: 6% AE/E: 2.5% / 5.0% at 1 GeV:
0,: 0.6 cmAE




Data Samples for ISR Study

10°

Luminosity (pb)
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Scan data samples later

e

Vs 3
o q

ISR luminosity = L dt x H, 4

/

Radiator function, well known

_ —— BABAR (500 fb™) §

— BESII Vs > 3.770 GeV__3




e*e” — ygrt'w at BESIII

Event yield after preliminary selection
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[Phys. Lett. B753 (2016) 629]

P(3770) data only (2.9 fb?)
Tag ISR photon

No dedicated background
subtraction

e*e" — yn*m: large statistics
e*e” — yu*u: dominate
background

Data - MC differences visible




e*e” — ygrt'w at BESIII

Event yield after preliminary selection

25000 — wwy MC

BESIT AN
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Competitive limit
for Dark Photon search:
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[Phys. Lett. B753 (2016) 629]

P(3770) data only (2.9 fb?)
Tag ISR photon

No dedicated background
subtraction

e*e" — yn*m: large statistics
e*e” — yu*u: dominate
background

Data - MC differences visible




e*e” — ygrt'w at BESIII

Event yield after preliminary selection

25000

- n:ﬂ'_v MC = (3770) data only (2.9 fb?)
BESIT
. —+ data, = Tag ISR photon

Competitive limit .
for Dark Photon search:

20000

events /20 MeV

No dedicated background

15000 subtraction

10000 = e*e— ym'm: large statistics
= e*e”— yu'w: dominate
background

5000
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= Data - MC differences visible

o

World’s best measurement
of I',, of J/y




(1/N) dN/ dx

e*e” — ygr TN M-y Separation
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1771 Signal (test'saple) "' ' ! " Sighal (tralning sample) ' " "
E Background (test sample) o Background (training sample)

18 EKoImogorov-Smirnov test: signal (background) probability = 0.735 (0.455)
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U/O-flow (S,B): (0.0, 0.0)%/ (0.0, 0.0)%

0.7 08 09 1
CFMIpANN response

TMVA method (Neural Network):

» Trained using yuu and yrzt MC events
= Information based on track level

» Efficiency matrix (p,0) for data, MC

= Correct for data - MC differences

= Cross checked for different TMVA
methods




(1/N) dN/ dx

e*e” — ygr TN M-y Separation
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1771 Signal (test sample) ' '
E Background (test sample)

" éi'glnal (train'ing sémple5 =

o Background (training sample) =

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

TMVA method (Neural Network):
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QED Test: ete- — yu*w

Event yield yuu after ;- separation and all
efficiency corrections

5000 = Background from ymtx small
- ---- 'y MC
— ufuy MC
—+ data

4000 = PHOKHARA uncertainty < 0.5%
Luminosity measurement
based on Bhabha events, 0.5%

accuracy
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events / 10 MeV/c?

1000

A(MC/QED-data) -1 =
(1.0+0.3,,,,£0.9, ) %
= Excellent agreement with QED

= Accuracy on 1% level as needed
to be competitive !

data/MC




ete: — ntn Cross section
2 normalization methods:

= Normalization to L, (obtained from Bhabha events)
O_bare _ N77—'7TY (1 +6FSR

) Line - Eglzll;al "H(S) - bvac

= Normalization to yuu events, i.e. R ratio (ymmw/yuu)
L., H

d,,c cancel in ratio

int” ' “rad”
2000 —
'.E 1800f— —+— using the luminosity
; 16002— —}— using the R ratio | I| || Statistical
§ v t | Ly, erroronl
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Compare with Existing Data
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Pion Form Factor F_

— BESIII fit
—4— BaBar
—— KLOE 08
—4— KLOE 10
—4#— KLOE 12
—¢— BESII

0.65 0.7 0.75

Vs'[GeV]

function

= 0.9 % accuracy (dominated by theory)
= Normalization to luminosity x radiator

= Gounaris and Sakurai parameterization
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HVP
Impact on a

o KloE0s 681+04+23422
* BaBar09 376.7+t2.0+t1.9
e KLOE10 365.3+0.9+23+22
* KLOE12 366.7+1.2+24+0.8
E BESIII 368.2+25+3.3
I R RS S RS S N |

1 1 1 1 1 1 1 1 1 1 1
360 365 370 37 385 390 395

5 380
a™°(600 - 900 MeV) [10™]

Deviation on (g-2), between experimental and SM has been confirmed




HVP
Impact on a

— «  KLOEO0s 3681:04:23:22
. BaBar 09 376.7+2.0+1.9
— KLOE 10 365.3+0.9+23+2.2
. KLOE12 366.7+1.2+2.4+08
. BESIl  368.2+25+3.3
360I I Il3fli5llll3_:'Ollll37lllllll — lSéSI — I3$}I)Ollll395

5 380
a™°(600 - 900 MeV) [10™]
Deviation on (g-2), between experimental and SM has been confirmed
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A ... Study of a*wn® and n*nn®r® processes
undergoing at BESIII




Energy Scan from 2.0 to 4.6 GeV

World’s best measurement from BES/BESII with 5% ~ 8% total
uncertainty (statistical uncertainty: 3% ~ 5%)

BESIII: aim at systematic uncertainty: 3.0%
151 energy points >10° hadronic events each = statistical error negligible

Energy region Energy points
2.400~3.400 4 Mini-scan
3.800~4.590 104 Fine-scan heavy charm resonant
2.000~3.080 21 R&QCD-scan
3.050~3.120 16 JAp-scan
3.542~3.600 5 T-Scan
3.650,3.671 2 (3686)-scan

Reducing the uncertainty of a..,(M,?) by a factor of 2
- A new quantity of electroweak precision fits




Meson Transition
Form Factor |[F(Q?)]




Timelike Transition FFs

IF |2

dl'(n — 71~ 7)

dmul'(n — v7v)

— [QED] - |Fy(mu)> ™0

o

This Work: Data
This Work: Fit (p0=1)
A2, 2011

TL calculation

Padé approxim.

* i;\\z 3x107 n

£ =

I
!

0.1 0.12 0.l3
m(Il) [GeV/c?]

0.4 0.5

[Phys. Rev. C89 (2014) 044608]

Vector Meson Dominance Model:
single-pole:
F(q) = (1-g%/A?)™

A?2=(1.95+0.15%£0.10) GeV-?

In good agreement with previous
measurements!




Spacelike Transition FFs

e’ e’
%q Untag:
§< = Only tag the hadron products, P,-balance
s = Q?~0 GeV? quasi-real photon
e e
e & Single tag:
y*é q, = Tag the hadron products
v;%z< = Tag only one lepton, missing momentum direction
e e'2 = Q,>~0 GeV?, Q,%=-q,2 GeV?; highly virtual photon

Double tag:
= Tag the hadron products _
Input for data-driven

= Tag both leptons approach

= Both photons are virtual




Existing Data on Spacelike TFFs

ete ete d e'e" —»e'e 1 e'e" —»e'e 1’
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C bl e e = ol + CELLO E mi{ +CELLO

7 * +CLEO ] E +cLEO
0.15 ] 0.05 + BaBar 0051 ~+ BaBar
0.1 7] Q?[GeV? Q2 [GeV?|
0.051 - = Recent results from BABAR and BELLE:
. 2 2
o-l | 51 22 | | I 5 [ | | | | | | (] I | | | Y I | | | e I 8| |I ] 1) | | I | l_l Q > 4 GeV

0 5 10 15 20 25 30 35 4

Q?’[Gevy] ™= CLEO:Q?>1.5GeV?
CELLO: Z. Phys. C 49 401 (1991)

CLEO: Phys. Rev. D57 33 (1998)
BaBar: Phys. Rev. D80 052002 (2009)

Belle: Phys. Rev. D86 092007 (2012) Low Q? range not covered/precise

o

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




Relevant Q2 Region

o = | ag. | do, Zwi(Ql,Qafi(Ql,Qz)

N

Form factor dependent

w, (Q,.Q)) Wy (M, Q,.Q,)

Universal weight functions

o | 006 R Relevant Q2 region:
: | <1.5 GeV?
0= THARMIMIK |

-0.02 +

—-0.04 -
2

Q2 [GeV] Q1 [GeV] 02 [GeV] 0 o Q1 [GeV]

[M. Knecht and A. Nyffeler: Phys. Rev. D 65, 073034 (2002)]
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Events

ete- — e*e 1t at BESIII

L. : 927 pb' Tagged lepton: e

int®

. — 0 2-Octet Model Event Selection:
E _ aq continuum = Exactly one lepton candidate
250
: — (3770) = At least two, max four photons
o ]J - Helicity angle cos 6,,> 0.8
wsof [ T Mesum - Kinematic cuts to reject ISR
00 ] background
of i ilm - Cut on angle of missing momentum
oCu il el il S )
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Invariant Mass ( yy) in GeV/c?

Count

Strategy: yieldin| > |do/dQ?
bins of Q?

Form factor
: F(Q?)




Spacelike transition FFs: n°

Both leptons

—+— BES-IIlI Simulation

0.35
3 92
2 L, ;292
£ 03 | CELLO 91 .
_ Single tag
‘O 0.25 CLEO 98
g
N
e/}

o
[*)

IIIII]IIIIIIIIIIIIII[III]IIIIIIIII

0.15
o1 [ T
g T
[ 2]
i
0.05
OlllllllllIllllIllIlIllIlIIlIlI
0 0.5 1 1.5 2 2.5 3

Q? in GeV?
[CELLO: Z. Phys. C 49 401 (1991)]
[CLEO: Phys. Rev. D57 33 (1998)]

Extract TFF for:
0.3 < Q?[GeV?] < 3.1

Significantly improves and
extends data set below Q2 =
1.5 GeV?

Input for (g-2),!
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Spacelike transition FFs: 1/ 1

2 2
E, - (Q?) Fy vy (QF)
?7 ? ’Y ? 7 ( T) ”Y ? ’Y
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G 024 . e T

LI; C _l— BESIII Simulation (Ekhara, 2-Octet Model) ] t L _|_ BESIII Simulation (Ekhara, 2-Octet Model) |
0.22 — L i
o A : T o251 — —
0.2 _I_ CLEO 98 . s CcLEo S8 B
£ J L + CELLO 91 ]
0.18~ _|_ CELLO 91 = B M 7
o 3 0.2 [ —

< LT - L
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0.065 E Ingie 1ag
_||||||||||||l|||l||||||||||||||||| 0-0% ||||||||l||||||||||[|||||||||\I]
0 0.5 1 1.5 2 25 3 3.5 0.5 1 1.5 2 25 3 3.5
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n—=nrTal—=nax"Tyy nN—=aan—=a"Tyy

» Results competitive to previous measurement

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




yy* 2 nt - at BESIII

o [nb] (|cosd] < 0.6)

300 |

- Belle
- CELLO
— MARKII

250

200 |
150 |
100 ||

sofF |

= All in two real photon case:
VW2

= In low mass region, only
measurement come from
Markll

[MARKII: Phys. Rev. D42, 5, 1990]
[CELLO: Z. Phys. C56, 381, 1992 ]
[Belle: Phys. Rev. D75, 051101(R), 2007 ]

[N. Asmussen, P. Masjuan, M. Vanderhaeghen]

Access to:
Q2 region: 0.2~2.0 GeV?
M_. : threshold~2.0 GeV




Conclusion

® |mportant results (to be expected) from BESIII for SM prediction
of (g-2),

= HVP: precision inclusive and exclusive measurements

= HLDbL: spacelike form factors measurement in relevant region
» Competing experiments: Frascati, Novosibirsk, Belle-11(?)

= Reduction of factor of 2 of the uncertainty of a,"in reach

THANK YOU FOR YOUR ATTENTION!




Backup slides




Energy Scan from 2.0 to 4.6 GeV

Reducing the uncertainty of a,,(M,?) by a factor of 2
- A new quantity of electroweak precision fits

Online spectrum of R scan recently finished
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S 30F %, e =
S = . ® o . =
s BE ° - R X g s
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"8‘ 20 E— L ® o _E
w15 . —
8 1o f BESIT -
o 10k =
O s5E work in progress =
O : | N | 2 M o 2 | o 2 M o | N o 2 N | 2 N o o | .:

2.5 3 3.5 4 4.5
Vs (GeV)

R = 0},4/0,, with targeted systematic accuracy: 3.0%

= 125 scan points with >10° hadronic events each - statistical error negligible

= World's best measurement so far from BES /BESII with 5 ...8 % total error
(with 3 ... 5% statistical error)




Dark photon and (g-2),

KLOE 2013

1 1 1 IIIII
102 10"

,, 10
m.. [GeV/c]

BESIII (Mass 1.5 -3.4 GeV/c?)
= Spin-off of pion FF analysis ( e*e- — yu*u / ye*e)

A1/ MAMI (Mass 30 — 855 MeV/c?)

" Search in Bethe-Heitler process (eZ scattering)




yy* 2 nt - at BESIII

= Hadron form factor
®m Resonance parameters for 0, 2** states
® Pion polarizability, probe the structure of pion

m Re-scattering effect study at low mass region

300

= Allin two real photon case:
Y2t

= In low mass region, only
measurement come from
Markl|

250 | |,
200 |-

150 |

o [nb] (Jcos| < 0.6)

100 ||i

Access to:
Q2 region: 0.2~2.0 GeV?
M__ : threshold~2.0 GeV

50| F

[N. Asmussen, P. Masjuan, M. Vanderhaeghen]




