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Main Results Published

1. The discrepancy between tau and e*e- spectral functions revisited and
the consequences for the muon magnetic anomaly,
Eur. Phys. J. C66 (2010) 127, arXiv:0906.5443 [hep-ph].

2. Reevaluation of the hadronic contribution to the muon magnetic anomaly
using new e*e- > wt*n” cross section data from Babar,
Eur. Phys. J. C66 (2010) 1, arXiv:0908.4300 [hep-ph].

3. Reevaluation of the hadronic C C
contributions to the muon Conanan EE
g-2 and a(M.),

Eur. Phys. J. C71(2011) 1,
arXiv:1010.4180 [hep-ph].
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Motivations

- Muon magnetic anomaly a,:

- one of the most precisely measured and
prediction quantities in particle physics

- sensitive to QED, strong and weak
sectors of SM

- data/prediction discrepancy
- hint for new physics

- discrepancy ee & t-based predictions
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Motivations

- Muon magnetic anomaly a,:

- one of the most precisely measured and
prediction quantities in particle physics

- sensitive to QED, strong and weak
sectors of SM

- data/prediction discrepancy
- hint for new physics

- discrepancy ee & t-based predictions

- Running fine-structure constant a(M,): ¥
«
My) =
Oé( Z) 1 — AO&(Mz)

A04(]\4Z) — A()41ep1:or1i(:<j\4Z) + AOéhaud (MZ)

- one of limiting factors for global fit
to EW precision data
- an example constraint is on Higgs mass
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Muon Magnetic Moment Anomaly

. +e . g—2
u=g—:= g=2+-+ = Magnetic Moment anomaly: @q; = >——r
2m 2
a, is better measured but a, is more sensitive o new physics effects
by (m,/m,)?~43000)
al‘:h _ aiM + azon—SM , aiM _ aSED + azad + aL\EVeak
QED Hadronic Weak .. or other new
i ?
v gy . physics 7
2
R S
i
;
had
v
u V) 1

4th FCPPL Workshop, 7-9/04/11, Jinan Zhiging Zhang 4/19



Experimental progress on g-2

Experiment Beam

Miller, de Rafael, Lee Roberts, 2006

Columbia-Nevis (57) T
Columbia-Nevis (59) T
CERN 1 (61) u
CERN 1 (62) u
CERN 2 (68) u*
CERN 3 (75) u*
CERN 3 (79) u*
BNL E821 (00) u*
BNL E821 (01) ut
BNL E821 (02) u*
BNL E821 (04) w

= Current world average:|a =11 659 208.9 £ 6.3 x 10710

Dominated by by BNL-E821:/ PRD73, 072003 (2006)
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Measurement da /a, Required th. terms
=2.000.10 o=

0.001 13(+16)(-12) 12.4% a/n

0.001 145(22) 1.9% a/m

0.001 162(5) 0.43% (o/m)?

0.001 166 16(31) 265ppm  (o/n)

0.001 165 895(27) 23 ppm (a/m)? + had

0.001 165 911(11) 73ppm  (o/m) +had

0.001 165 919 1(59) S ppm (a/m)? + had

0.001 165920 2(16) 1.3 ppm (o/m)* + had + weak
0.001 165 920 3(8) 0.7 ppm (o/my* + had + weak + ?
0.001 165 921 4(8)(3) 0.7 ppm (o/my* + had + weak + ?
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SM Predictions: azM =a¥" + azad +a)

BED 101 = ¥C;(2)" = 11614097.3 (1-loop) 1 diagram
+ 41321.8 (2-loop) 9
+ 3014.2 (3-loop) > 100
+ 38.1 (4-loop) > 1000
+ 4 (5-loop) > 20000
a 2P = (11658 471.809 =+ 0.0155¢h orgermsa) X 1071 [PD6'10] i.e.>99%SM

a3 terms known analytically (S. Laporta, E. Remiddi, 93)

a* terms known numerically (T. Kinoshita et al., 03-08)

a® terms estimated (T. Kinoshita and M. Nio, 06, A.L. Kataev, 06, K. Chetyrkin et al., 08)
Using latest measurement of a1 = 137.035999084(51) (Hanneke, Fogwell, Gabrielse, 08)
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° . SM __ _QED had Weak
SM Predictions: ¢, =a; " +a," +a,

One-loop diagrams:

Z H
— T T
TR U
W u
Y Y
Order a, Wesk (10-10) Ref

Jackiw, Weinberg, 72

1 loop 19.5 Altarelli et al., 72

Bars, Yoshimura, 72

Czarnecki et al., 03
+ 2 loop 15.4:0.1, ,+0.2,, Heinemeyer et al., 04
6ribouk, Czarnecki, 05
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SM Predictions: ¢, =a

had had,LO had,HO
=a +a +a

a hedlo ~ (700 £ 5 x10-10
=> dominant uncertainty
(both e*e” and t based)

a,edHO = (-9.8 + 0.1 }x10-10

g ed LBl ~ (12,0 £ 3.5 )x10-10
= 2 |eading uncertainty

4th FCPPL Workshop, 7-9/04/11, Jinan

had,LBL
u u u u

QED + ahad + aWeak

lu M lLl'

Leading-Order Higher-Order Light-By-Light

Zhiqing Zhang
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How is the LO Hadronic Contribution Calculated?

Could not predict from 1t principle but can be rigorously calculated using
ee annihilation data via Dispersion Relation

0.03 |-

az o /
ad = f ds R(s)
u 3 2 2]
& 4m? g
E 0.02
£
=
- < i
R(s) o,(e"e” — hadrons (y)) 001 |
S) =
+ - + ., -
o,(ee—=uu)
6 B T T T ;I T |:: T TT I T T | T TT | 1T 17T I : T T | T ;l T I L T TT ]
C ARCIE . VL Wag! ]
50 : e’'e” — hadrons E ' s
- ] Qco | .
‘F | § :
s | Ll -
: | { bt Bobe :
2 — :: hﬂ” I} 1 T -
1 E_ H H] o BES m Crystal Ball _E
- ;" == exclusive data e A PLUTO .
0 _ | 1 =l ‘ I\ ’T‘|’ 1 1 | 11 Il | | | L1 1 I | | L1 1 | ]
05 1 15 2 25 35 4 4.5 5
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— ~K(s)/s for (g—2)M
........ ~ 1/(s(s=M")) for o

............... ~1/s*

oM |

=> Data driven prediction
=> Precision is ee data
dependent
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Connect 7 and e*e- Data through CVC - SU(2)

R, Alemany, M. Davier, A. Hoecker, Eur. Phys. J. C 2, 123 (1998)

W:1=1& V,A CVC: =1 &V y: 1=0,1 & V

T

Vi e"\
Y
 —— "W"""\C hadrons

hadrons e—/

Hadronic physics factorizes in Spectral Functions : fundamental

ingredient relating

long distance

(resonances) to
(I=1) T mt A . - Ao _ _ 0 shor"r.dis.‘rance

o [e e —=ar ] =g U[‘L’ — T VT] description (QCD)

Isospin symmetry connects I=1 e*e cross section to vectort spectral functions:

BR[r‘en‘novT] 1 dN |,

JUIT

m;
BR[T_—>9_‘79V1] N . ds (1—s/mf)2(1+s/mf)

v [r‘ — JT_JTOVT] o

branching fractions mass spectrum kinematic factor (PS)
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What's new for Tau based prediction?

Revisited isospin corrections Eur. ®hys. J. C66 (2010) 127, arXiv:0906.5443 [hep-ph]

Aa.zad’l“o[rrrr,'r] (1()_10)

Source GS model KS model
Sew —12.21 £ 0.15

TEM —1.92 £ 0.90
FSR +4.67 £ 0.47
p-w interference +2.80 £ 0.19 +2.80 = 0.15
m .+ — myo effect on o —T7.88
m_+ — m o effect on I', +4.09 +4.02
Myt — Mo 0.20F538 0.11F917
mry, electrom. decays —5.91 £ 0.59 —6.39 £+ 0.64
, —16.07 £ 1.22 —16.70 4+ 1.23
Total

—16.07 £ 1.85
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What's new for Tau based prediction?

Revisited isospin corrections Eur. ®hys. J. C66 (2010) 127, arXiv:0906.5443 [hep-ph]

Aazad’l“o[ﬁrr. T] (1()_10) Old
Source o s
GS model KS model (DEHZ 03)
Sew —12.21 £0.15 -12.1+0.3
TEM —1.92 £ 0.90 -1.0
FSR +4.67 £ 0.47
p-w interference +2.80 &£ 0.19 +2.80 £0.15 +3.5+0.6
m .+ — myo effect on o —7.88 -7.0
m_+ — m o effect on I', +4.09 +4.02 +4.2
Mgt = 1My0 0.20+0-27 0.11%913 0+2.0
rry. electrom. decays —5.91 £0.59 —6.39 £ 0.64 -14+1.2
, —16.07 £ 1.22 —16.70 4+ 1.23
Total -13.8+24

| —16.07 +1.85 |

(w/o0 including FSR)

Net change with respect to the previous corrections: -6.9

(dominated by em decays)

4th FCPPL Workshop, 7-9/04/11, Jinan

Zhiqing Zhang
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Other New Items

D New tau daTa from Bel'e 1I— 0-3 :l ) I 1 1 1 I 1 1 1 I I 1 1 I ) I 1 I 1 1 l:
8 - e Belle 3

Tehno\’r £ 02 ¢ Combined (A-C-O-B) E
(5.4x10¢ Belle <-> 81x103 ALEPH) E 01 =

o =

s 0 +++++—w=°—+*ﬁ+~++++ oF

-0.1 E

0.2 =

_0.3 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 I:

0.2 0.4 0.6 0.8 1 1.2

m%(nn°) (GeV?)
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Other New Items

D New tau da'l'a fr‘om Belle - 0.3 LI L L L ) LB
b C e Belle -

r%hnovr £ 02 & Combined (A-C-O-B) E
(5.4x10¢ Belle <-> 81x103 ALEPH) E 01 " =

O -

o . . ot 0 ‘+— b —

O New e+e- annihilation data i + St MRRRS:
- T ' ]
-0.2 —

- J-C+TE_J-CO’ 2n+2n_l n+n_2n0 0.3 PR K TR N N N TN NN TR NN NN TN MO AN TN MO U N AN E

- other multi-hadron channel 02 04 06 08 1 12

A Include unmeasured channels
through isospin relations
- 5, 6z channels
- KK[nn] channels

O New HVPTools package
- data combination
- data interpolation
- handling inter-exp, inter-channel
correlations
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Cross section [nb]
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Measured by many experiments
- BABAR dominates over almost
all energy region
- Discrepancy between BABAR
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trend, 22, whe2n’ Channels
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Cross section [nb]
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O‘l'her Mulﬂ hadron Channels

= T i =
g 107 grek? Kn i + DM1 __ E 16
B * DM2 B
s gC ° BABAR _ s M
g - { Average "g; 12
a 6 \ | 1 g
& I L{, T 1 5 8
i { } f@ i 4
2 @‘T’ Mesostepan )
Ll | T R ] 0
1.4 1.6 1.8 2 2.2 2.4
\s [GeV]
=y N L L B B L L B R BN oy
S 50 e'e—3n3n * M3N S
c C + DMA1 ] c
i) - * DM2 B 2 42
5 4L ° BABAR 5
g : . Average - g 10
g 3r - \ 12 s
(&) C \ ] (&)
20 i | E °
e ¥ W‘% B I,
C ! I 2
- f §
oo !
0 222 24 0
\s [GeV]
4th FCPPL Workshop, 7-9/04/11, Jinan Zhiging Zhang

T T I T T T
ete —2n 2 nd

T r 1 r 7 LA B I B I B L B

T
e
1.2 1.4 1.6 1.8 2 2.2 24

\s [GeV]

ol ‘ } -
e Wl 'HWHM
f_ i F _f
my J“ﬁ%" iff L™
:{Luhiw@lx}|j |.—;
1.4 1.6 1.8 2 2.2 24

\s [GeV]

15/19



Regions below and above DDbar

;'z :_ _I'_l_l N ; PR I_: 3 - U L L L IA T 1 T T 1 ]
- 2:; ¢'e—Hadrons . 352 32 _; 'i' 355_ e*e’—Hadrons ) EEUTO E
3l » BES06 71 © 30 = BES =
- "BES09 4 © . -
2.8 Average - & 251 Average =
C ] )] C ]
2.6 i B Py =
24 l ] ] 4 © = T -
2.2k i + il ] | B 155 T
C l I | T3 . A e
2__ — 10:— 1 -
1.8;— —; 5;_ _i
1.6 | Lo 1, | A B 0:1|...|. A T B B S
2 22 24 26 28 3 32 34 36 3.8 4 42 44 46 48 5
\s [GeV] s [GeV]

pQCD calculation in good agreement with Rqcep (1.8 = 3.7 GeVluas

l : Rocep [5.0 — 9.3 GeVludse
the direct measurements in non-resonance qco | eVlua
. . Rgep (9.3 —12.0 GeV]udses
regions and are applied down to 1.8GeV Racp [12.0 — 40.0 GeV]uases
Rgep [> 40.0 GeVl]wdscs
Rgep [> 40.0 GeV],

BES data precision steadily improving
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Zhiqing Zhang
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Last a, Predictions Comparing Measurement
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Poe
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-259 +48

DHMZ 10 (t newest) :
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Measurement/predictions discrepancy:
ete: 3.60, 1T 240
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New Results on a(M;) & Constraint on M,

Aahad(MZ) = 27421 t 0'17s‘raT t O°78uncor-sysT + O 4'lcor' -syst * O 18 * 0'52QCD (x10'4)

= 274.21 +1.04, ., (x10%)
> Aoy O(M,) = 274.9 + 1.0 (x104), oi(M,) = 128.962 + 0.015

To be compared with

HMNT (06): Acy(®(M,) = 276.8 + 2.2 (x104), ar}(M) = 128.937 + 0.030

N 10 T o T T T | T T T T _]
N s G [ImEN
o E
7 _i
6 _i
5 =
Qe \ N\ —i 2c
3 Theory uncertainty =
)l — Aaf:d(mi) = (274.9+1.0)10°
1 I O P 10
0 4 | 1 1 1 :
50 100 150 250 300
M, [GeV]
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The fitted (Gfitter) Higgs mass
shifted from 84+30 ,; GeV to
96+31 ,, GeV

The new upper limits are:
170 GeV @90% CL
201 GeV @95% CL
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Summary and Prospects

- Active & fruitful collaboration

- Providing the most precise predictions on a, and a(M;)
- Discrepancy measurement/prediction on a, could be a 15t hint of new physics

> New a(M,) favors a lager Higgs mass in better agreement with direct LEP search

- Making connection with direct searches at LHC
- exciting prospect

- Looking forward to new e+e- and t data from BES3
- wish to continue the project

4th FCPPL Workshop, 7-9/04/11, Jinan Zhiging Zhang 19/19



New Project: Moving from BNL to Fermilab

K. Lynch, tau workshop 2008

Combined syst: 0.28ppm

Combined stat: 0.46ppm
A

Systematic uncertainty (ppm) | 1998 | 1999 | 2000 | 2001 New Goal
Magnetic field — o 0.5 0.4 0.24 0.17 0.07
Anomalous precession — o, 0.8 0.3 | 0.31 0.21 0.07
— _J l
e

7 N
Statistical uncertainty (ppm) 4.9 1.3 | 0.62 | 0.66 0.10
Total Uncertainty (ppm) 5.0 1.3 | 0.73 | 0.72 0.14
— 7

~—
Combined total: 0.54ppm

= To improve da, by a factor of 4 from 6.5x10-0 t0 1.6x10-1

4th FCPPL Workshop, 7-9/04/11, Jinan

Zhiqing Zhang

New syst: 0.10ppm
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Relative Contribution of Input Data vs Energy

R Tl > an (+KK) [ BB 8| 3.7-5 (+Jp, ) ' 12- |

qqqqqqq

= 2n channel contributes
more than 70% |

=> The e+e- data precision
(was) limited

had,LO] > Use (complement with)

tau data
[Alemany-Davier-Héocker,

EPJ C2(98)123]
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Isospin Breaking (IB) Corrections Revisited

Corrections for SU(2) breaking applied to 7 data for dominant 7 -7 *
contribution:

e Electroweak radiative corrections:

» dominant contribution from short distance correction S¢y,

i : Marciano-Sirlin’ 88
» subleading corrections (small) arciano-Sirlin
Braaten-Li’ 90

» long distance radiative correction Ggy\(S) | cirigiano-Ecker-Neufeld' 02
Lopez Castro et al.” 06

¥ Char'ged/neuTr‘al mass SPIITTIng. Alemany-Davier-Hocker’ 97, Czyz-Kuhn’ 01

» m,_= m, leads to phase space (cross sec.) and width (FF)
corrections

» p-wmixing (EM w — n-7* decay) corrected using FF model
- m,. = mgand T, =Ty o e
e Electromagnetic decays:p—=mwny, p—=my, p—=ny, p— Fl-

e Quark mass difference m,= m, (negligible)

4th FCPPL Workshop, 7-9/04/11, Jinan Zhiging Zhang
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Isospin Breaking (IB) Corrections Revisited

2,2 m?2 —2 -1
a‘m & J— - K(s) dN s 25
ATBGLObad [y ] 1 Zrom ds (s) dNx (1 B _2> (1 N _2)
6 |Vudl®7? Be-7.0, Jam2 s Nxds m?2 m?2
FSR(s) 83(s) | Fo(s) |”
Sew=1.0235+0.0003 Rip(s) = -
B )= Cen®) B ) |-
Eur. Phys. J. C66 (2010) 127, arXiv:0906.5443 [hep-ph]
T T T T T LI T T o~ 11 T LI T T LI T 7 LI
g i I 7 = = I | | | -
- ] =~ - — dm(n -m.) Z
§ 1 - T e I:\L\'IO?E) — ’ ]
o} - - D [ -—- dm(p™—p® )=+1.0 MeV -
O - - LLO : bare :
g’ B ] E 1.05 - EMdecays —
§ 075 - - 2 : :
2 : ] S1.025 | -
k= N : o N -
2 05 1 - § s -
2 - i 3 - . e ]
w0 B - m L . ' ___________ E
= I Ba(sVB(s) | 0975 [ E
0 - IF(sVF ()P § x ]
—::l 1 I 1 1 1 | I I | I 1 l- 095 C 1 I 1 1 l 1 1 I 1 1 I 1 1 I 1 1 i
10 4 02 04 06 08 1 1
2 2
s (GeV9) s (GeV?)
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