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Outline
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»ee~>hadrons results from BaBar

»Status of muon (g-2) prediction

»1T mass measurement at BESIIT
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Hadronic vacuum polarization and R

/H Cannot be calculated from QCD (“first principles”)

O but: we can use experiment!
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The ISR method at BABAR

2B [\/s _ |
hadrons = *:x_;;;r_.

s'=s(1—2x) | BaBas
(Mzhadrons)

* High energy (E*y >3 GeV) detected at large angle
—> defines Vs’ = E, and provides strong background rejection
e Event topology: ISR photon back-to-back to hadrons
* - high acceptance, strong boost to hadrons (measurements from threshold
and easier PID)
e Final state can be hadronic or leptonic (QED)
- utuy(y) events used to get ISR luminosity
e Kinematic fit including ISR photon
—> removes multihadronic background; improves mass resolution (a few MeV)
e Continuous measurement from threshold to 3-5 GeV
—>reduces systematic uncertainties compared to multiple data sets with
different colliders and detectors

e (9 GeV)
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The BaBar ISR program

e cover the almost complete set of significant exclusive e*e annihilation channels

up to 2 GeV

e published:
ntn~  (topic of my phD thesis) PRL 2009; PRD 2012
e PRD 2004
2(nt ), KN K-t -, Kt K= 2n0, 2(K*+K") PRD 2007; PRD 2012; PRD 2012
K% K+n+, KfrK=n%, K"K n PRD 2005; PRD 2008
2(nt ) w0, 2(nt ) m, KF K- -, KF K-t n PRD 2007
3(nt ), 2(nt - n0), 2(nt ) KH K- PRD 2006
d f°(980) PRD 2006; PRD 2007
pp PRD 2006, PRD 2012
AA,AZ20, 2020 PRD 2007

e New (Preliminary) results at this workshop:
K+ K~

* in progress:
o 2n0, KO KO, KO KO mtm, KO K+m+md KO K+mn



QED Test with puy sample

= absolute comparison of pu mass spectra in data and in simulation (AfkQed based on EVA)
= simulation corrected for data/MC efficiencies
= AfkQed corrected for incomplete NLO using Phokhara

= strong test (ISR probability drops out for ntr)
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Results on e*e™ - " n(y)
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New results on e*te > K*K- (y) (to be published)

—> Use effective ISR luminosity obtained with uu sample.
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New results: ete- > ntn it

published in 2012, based on 454 fb! (previous publication on 89 fb1)
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@ Systematic uncertainties
2.4% in peak region (1.1-2.8 GeV)
11% (0.6-1.1 GeV)

4% (2.8-4.0 GeV)

@ J/i visible
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@ < 1.4GeV: agreement with previous
BABAR results, SND and CMD-2 data

@ > 1.4 GeV: highest precision (DM2, 20%)



New results: ete- > Kt K ntn~, KK ntr!

published in 2012 based on the full BABAR statistics (454 fb1)
— huge improvement compared to existing data
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Cross sections dominated below 1.8 GeV by K*(892)°K* =« (large) and K*(892)* n— =*
important to know resonance dynamics to estimate unmeasured final states for g-2 integral



more multihadrons
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Muon magnetic moment anomaly
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had,LO

LO Hadronic Contribution a,

had had,LO had,HO had,LBL ,
., =4a, t+a, +da, Isospin symmetry connect I=1 e+e-
cross section to vector 1 spectral functions
Dominant error Can be rigorously calculated using ee annihilation data
via dispersion relation:
had,LO __ a? [+
a 37?2 J4Am2 d R(S)
oo | —— ~K(s)s for (g-2),
. R ~1/(s(s-M")) for GQED(MQ):
*é’ |
-
> 0.02 - -
3 :
£ Large weight for
o < low energy data!
Vacuum Polarization 0.01 |
0 l 7 h'HﬂﬂﬂHﬂ-'rﬂl-l-n-‘"-.::"":h-"-':“-"-.:“-"-l:;
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Relative Contribution of Input Data vs Energy

value (error)? HLMNT 11
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by #
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had,LO VP
auad @)

1.4 09

=> Energy region 0.6-0.9 GeV dominates in both value and
uncertainty

=» 27 channel contributes more than 70%
> The e+e- data precision (was) limited

= Use (complement with) tau data
Alemany, Davier, Hoecker 1998




HVP: Tt Data through CVC - SU(2)

W:I=1&V,A CVC:1=1&V 7.1=0,1&V
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Hadronic physics factorizes (spectral Functions)
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Updated ALEPH Spectral Functions

> Problem identified for the publicly available ALEPH ==® covariance
matrix: treatment of the statistical correlations from the unfolding

» Redone unfolding of the nn’, n2n°, ©3n’ 3nn® and 3= spectral
functions, using the same method as in BaBar:

—>Iterative unfolding (MC truth reweighting) with regularization

—>provides a result with small systematic uncertainties (tested through a
data-driven method) and full information on uncertainties and
correlations

—>allows for an improved treatment of structures (reduced effects of the
regularization) comparing to the SVD method used before

» Updated spectral functions to be released soon



g-2 with updated unfolding (ALEPH 7)

Previous:. M. pavier et al. Eur. Phys. J. C 66, 127 (2010).

Experiment ap* PO 7] (10719)
2m_+ — 0.36 GeV 0.36 —1.8GeV
ALEPH 9.46 £ 0.33cxp £ 0.0558 £ 0.071B 499.19 + 5.20exp £ 2.705 £+ 1.871B
CLEO 9.65 + 0.42cxp £ 0.175 £ 0.0718 504.51 + 5.36exp + 8.775 + 1.871B
OPAL 11.31 £0.76exp +0.155 + 0.0718 515.56 + 9.98¢xp + 6.955 + 1.871
Belle 9.74 + O.QBeXP + 0.155 + 0.0713 50395 + 1.908Xp + 7.845 + 1.8713
Combined 9.76 + 0.14exp £ 0.045 £ 0.0718 505.46 + 1.97exp + 2.195 + 1.8718
New:
Combined 980 + 0'13exp b06.65 + 1.892,4,

— Small changes in physics results (QCD & g-2) due to
the updates in the unfolding



Relative weight in average

Impact of BABAR data for g-2:

Weights of different experiments in
combining their results (DHMZ 2009-
2010

BABAR dominates everywhere, except between
0.8 and 0.93 GeV where KLOE is the most precise
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Integral from threshold to 1.8 GeV

T ALEPH
Tt CLEO

T OPAL

T Belle

ee BABAR
ee CMD-2
ee SND
ee KLOE

500 520

540 560

a 27LO (1 019

BABAR most precise (with CMD-2)
reduces tension between ete-and t



Impact of BABAR data for g-2: other channels

auLO [0.98,1.8]GeV (10-19)

All results BaBar
but BaBar 2012

K- 21.63+0.27,,,+0.68,,,  22.95+0.14,10.22
(3.4%) (1.1%)
o) 133 +0.10,,,+0.52,,,  13.6410.03,,,10.36,,,

(4.0%) (2.6%)



» E-821 updated result* (11 659 208.9 +6.3) 1010

» Including latest BaBar 47w; 2K2n and 2K27° results in the e+e— combination
+ latest QED calculation (Kinoshita et al.) yields**
a,M[e+e—] = (11 659 180.4 £4.1 £2.6 +0.2) 10-1°
HVP LBL EW (+4.9)
v Deviation (ee) (28.5+8.0) 1010

(3.6 0) HIINT 07 (¢6™based)
-285 —e—
JN 09 (e e’)
- —299+65 —6t—
» Including latest update of the t Davier et al. 09/1 (v-based)

: .. ] 157 +52 —A—
analysis+Belle +revisited IB corrections pavieretal. 09/1 (6%
—-312+51 —e—

D2%vier et al. 09/2 (e*e” w/ BABAR)

- - —255+49
v Deviation (t) (20.7 £8.3) 1010 HLMNT 10 (¢"¢” w/ BABAR)
(2.5 0) DHMZ 10 (x newes?
—a—i
DHMZ 10 (e*e” newest)
287 +4 —c—

* new project at Fermilab & JPARC SNL.E821 (world average) i
to improve accuracy by a factor 4 0+63 I

Cle v b b v b b b b e e b
-700 -600 -500 -400 -300 -200 -100 0

** new data from KLOE (2012), and more
from VEEP-2000, BESIII in future...

-1
a — &



Precision measurement of T mass at BESIII

»Why high precision T mass measurement?
»Method

»Beam energy measurement system
»Scan optimization

> First round of scan



Why high precision T mass measurement

Elementary parameter in SM (PDG2012)

» M_,=0.510998910+0.000000013 (2.6x10-9)
» M =105.65836710.000004 (3.8x107%)
> M _=1776.82 £0.16 (9.0x10)

Lepton universality testing

[gT jz _ Tﬂ(mﬂJS B(T—)eVeVT) (1-|—A )

g, r.\m ) Blu—>evy,)

T T

g.and g, : coupling constants;

t.and T :life ime of T andp ;

B(t 2evyv,)and B(u2evv,) : decay branching ratio;

A :correct factor (phase factor, radiative correction factor of
QED, correct factor of propagator of W-meson etc.)



Method: Pseudo-mass and threshold scan

T lepton mass measurement | Year | Ex. Data Method

[value+statistic + Group sample

systematic erroft]

1776.68 £0.12£0.41 2009 | Babar 423 b1 Pseudo-
mass

1776.81(*%%_, ,,) £ 0.15* 2007 | KEDR | 6.7 pb™! Scan

1776.61 £0.13+£0.35 2007 | Belle 414 b1 Pseudo-
mass

1776.96 *018_ , +02_ 1996 | BES 5.1 pb™! Scan

* an infra-red Compton backscattering technique (CBS)




Threshold scan

Fit the observed 1t cross section around threshold:
o (W, M, e, op)=c-o(W)+og
— Nobs/L

» Three free parameters (m_, €, Gg): at least 3 energy points
=> optimization of data taking

» Luminosity measurement

» Energy measurement

» Energy calibration (energy spread) from J/y, ¢’ scan

» Theoretical uncertainty (0.1%)



optimization of data taking

Chin. Phys. C 2009, 33:501-507
» three energy points
Point 1: at the large derivative region (m_), L;=67.5%L,,
Point 2: above the threshold (¢), L,=22.5%L,,
Point 3: bellow the threshold (o), L;=10%L,,
> SM~1/L,,
» if only eu events are used:

0-25 j T T I I j

ar 1-parameter
® Z2-parameter
k.3 S-parameter

O 200



T scan plan

7 — threshold i
- 100 pb

s & © =2 = = o
=- EIIII?IIII?IIIIgllla a S

................................

> First circle:

J/y scan (7 pts) = T scan (5 pts) = y’ scan (7 pts)
» Second circle:

J/y scan (7pts) = 1 scan (pt.9&10) > y’scan (7 pts)

Final uncertainty
(sta. D sys.)< 0.1MeV



T scan in December 2011

Job Beam Begin Begin time End End time Int. lum

energy Run Run b-1)

(IvIeW) number number
Jipsi 1544.0 24937 2011/12/22; 24978 20111223, 1.428
scar 1547.7 10:40:12 10:01:35

1548.1

1548.5

1548.9

1549 3

15520 /-\
Energwy 1771.0 249084 2011/12/23; 25015 20111224, /4.@35
points 13:12:26 14:47:46
for tau | 1776.9 25019 2011/12/23; 250904 2011/12/26; 4.914
scar 18:24:10 08:32:34

1780.4 25008 2011/1226; 25141 2011/12/27; 3.671

09:46:24 09:38:34 \ /
1200.0 25142 2011/12/27; 25243 2011/12/29; \' 9.056
10:26:46 08:48:20 \/

psi’ 1238.0 252144 2011/12/29; 25337 2011/12/31; T.245
scarn 1841.9 09:04:32 02:31:32

18425

1843.1

18438

128445

12847.0

21.75 pb



Luminosity measurements

Using Bhabha and di-gamma events

Scan point Ngbs Npbs Lihapha (nb™1) N obs Laiigamma (nb—1)
1 1575827 58018 4502.89 74240 425217
T 2 2043538 75371 5877.14 96570 HhH66.82
3 1413321 52432 4082.30 67192 3889.29
4 3411037 126081 10068.29 161482 9553.18
1 33143 1393 81.79 1804 78.52
2 114205 7191 239.19 5016 219.26
3 137995 21744 260.07 55657 243.13
g/ 4 109972 17947 206.00 4718 206.55
5 116221 15593 225.34 5104 223.53
6 106130 10079 215.17 4950 216.87
7 150860 6618 324.23 7218 317.321
1 269201 9878 830.58 12763 T87.04
2 284362 10995 879.30 13291 823.10
3 285762 12775 S78.75 13432 332.47
' 4 414291 20998 1266.84 19097 1184.34
5% 565681 27641 1734.27 26761 1660.77
6 265322 11889 817.48 12366 T6T7.97
7 501530 19215 1559.59 23624 1470.75




Beam energy measurement for BEPCII

NIMA 659,21 (2011 : .
( J Compton back-scattering technique

Wmazx m2
Scaﬂ‘ere £ = 1+\/1+wwe ]
0Y“rmax

D’,Uhgfcn o 2
E}( electron, €

counts

Sys. Error
2*103

10* g

10°

1000 2000 3000 4000 5000 6000
E, keV



(1]
o
o

J/y, ¢y’ scan

3 — 3 f—
3675 3630Ecm ?nsnﬁesv) 3690 3695 3675 3680Ecm ?:::V) 3690 3695
_ A _ .:::
£ one | — = N G| =
2085 30.90 Ecrr?o;Q:‘ev) 3100 3105 2085 3090 Ec":ﬂa‘;ev) 3100 3105
J /1 3096.916 £ 0.011 (s 3686.09 = 0.04
Lumi. di-gamma Bhabha di-gamma Bhabha
1\--1(1\--‘16\//02) 3097.022 4+ 0.063 3097.070 £ 0.083 3686.229 = 0.107 3686.243 = 0.108
Ap(MeV) 1.086 £ 0.055 1.109 £+ 0.029 1.556 = 0.060 1.567 £ 0.058
€ (67.29 + 1.69)% (65.76 £ 1.56)% (84.83 £2.65)% (79.85 +2.47)%
XQ/-n.dof 2.48/3 3.05/3 6.17/3 5.21/3
Am - 0.106 £ 0.064 0.154 £ 0.084 0.139 £0.114 0.153 £ 0.115 I




Event selection

PID p (GeVl/c) EMC TOF MUC other
e [ Poin < D < Prar|0.8 < E/p <1.05| |Atof(e)| <0.2
0< tof <4.5
o Pmin < P < Pmax E/p <0.7 |Atof ()| <0.2 |(depth >80xp-50 or depth >40)
0.1< E <0.3 and numhits >1

T | Pmin < P < Pmaz E/p <0.6 |Atof(m)| <0.2 S :
o< tof <45 _|Partial information,

K [pmin < p < pmae| E/p <06 || Atof(K)| <02] not the Tull listT  |not 4

not /¢

0< tof <4.5

PTEM = Pr_ (P + Py)r ]:l_'hel dtethtIO? C?_l;ffICIen;:y for dlff_ertent

M= =Bl 1B inal states at different scan points
No good photon: N,=0 scan point Efficiency (%)
Good photon: ee_ep eh pp ph hh ep pp mp
1) ?<TDﬁ<14’ (unit: 50ns) 2 17.1 21.8 324 142 153 25.6 99 55 9.1
2) |cosB|<0.8, E>25MeV
3) 0.84<| cosd |<0.92, E>50MeV. 3 17.6 23.2 349 14.0 169 29.3 104 6.1 8.9
4) Byc >20 4 17.823.1362 139 17.7 34.5 10.8 5.3 12.8




data vs MC

. 2 3 4 total
final state
Data MC Data MC Data MC Data MC Data MC
ee 0 0 4 3.7 13 12.2 84 76.1 01.9
e 0.2 35 31.3 168 192.7 211 233.1 T
otal
em 8.6 33 2906 20 243 2227

9.3 consistency

563 59 684 s fairly well!
89 86.7 104 104.7

0 &8 7 90 10 10.1

: 5 7.0 57 540 63 638

03 0 0383 10 82 11 9.3
1

ek

= o o oo w

o o o o o o O

W O -

-~ H
Eral
GGGG@GGGGGGG

0.0 0.1 1 03 2 04
ep 0 6.1 19 20.6 142 132.0 164 158.7
[p 0 8 33 18 11.8 52 623 68 785
TP 0 5 34 15 108 97 960 117 110.2
Total 0 44 44.2 153 150.8 974 976.1[T171 1171.1]




T MASS

2.0

Ot ~0.15 MeV or 9x107>,

19 Os,s:~0.1 MeV or 6x107°. g

1.0

0.5}

Cross Section (nb)

[
3.60 3.61

00 v by by by by by
3.594 3.55 356 357 358 3.59
W (GeV)

M, = 1776.?2? +0.2?? MeV




Summary
> ISR project at BaBar:

dominant contributions to the world averages of c(ee>hadrons) bellow 1.8GeV
» Updates ALEPH t spectral function: small impact on physics

» Previous t/ee disagreement strongly reduced:
2.96(2006) > 2.46(t update) 2> 1.56(including BaBar-2n);
1.86(including the 2010 KLOE 2r)

> Evidence for a, deviation between exp. and SM prediction
(2~4c): not sufficient to establish new physics, but more results
coming from both sides

» First round of t mass scan done at BESIII: good result to be
released

v’ The collaboration between IHEP and LAL is quite
active and fruitful !/
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