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Abstract

Precision measurements of hadronic cross-sections in electron-positron annihilation play a key
role in high precision predictions of the muon anomalous magnetic moment a,, and for a precise de-
termination of the effective fine structure constant ozem(M Z). The role of the effective fine structure
constant for the future of high precision electroweak fits and possible progress is outlined. | present
a brief summary of the status of the anomalous magnetic moment of the muon and then discuss the
requirements for the next generation experiments. The hope is to be able to substantially enhance the
significance of known “deviations” between SM predictions and experiments, and eventually establish
new physics not yet included in the Standard Model.
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Outline of Talk:

[ ] Hadronic Effects in Electroweak Observables

[J The role of a/(My) in precision physics

[J Evaluation of (M)

[ The role of VP effects in muon g — 2
[] Hadronic light-by-lightin g — 2

[] Muon g — 2: where we are, what do we learn
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[0 Hadronic Effects in Electroweak Observables

Non-perturbative hadronic effects in electroweak precision observables, main effect via
effective fine-structure “constant”  «(F)

(charge screening by vacuum polarization)

Of particular interest:

a(Myz)and a, = (9 —2),/2 < a(m,)
[1 electroweak effects (leptons etc.) calculable in perturba tion theory

[] strong interaction effects (hadrons/quarks etc.) perturb ation theory fails
—  Dispersion integrals over e'e —data

encoded In

__ o(ete”—~y*—hadrons)
Ry (s)

o(ete—=y*—putu)

Errors of data —— theoretical uncertainties !!!

The art of getting precise results from non-precision measu rements !

New challenge for precision experiments on O'(€+€_ — hadrons)

KLOE, BABAR, Belle via radiative return: § 7 hard
CMD, SND, KEDR, BES via scan: >VV<><'hadr°“S - %ﬁ’m

S/ = AL% (1 — k) [k - Ey/Ebeam]
Energy scan Photon tagging
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[] Need to know running of QQED Very precisely .

Large corrections, steeply increasing atlow F

1 1 1

leptons only
—— lepfons + hadrons

—— lepfons + 5 quarks

30,0 -25.0 -20.0 -15.0 -10.0 5.0 0.0
£ (GeV)

The running of «. The “negative” FE axis is chosen to indicate space-like momentum

transfer. The vertical bars at selected points indicate the uncertainty. In the time-like region
the resonances lead to pronounced variations of the effecti ve charge (showninthe p—w
and ¢ region).
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a(FE) |
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a~1(a.) = 137.0359991657(331)(68)(46)(24)[0.25 ppb]

0.027510 &= 0.000218
0.027498 £ 0.000135  Adler
128.961 £ 0.030

128.962 £ 0.018 Adler

[1 0.25 ppb < 139.58 ppm loose

5.3 -10° |in precision

L] effective fine structure constant least well known SM parame ter for VW and Z boson

physics

muon g — 2: & '(m,) = 136.067675(978)

[10.25 ppb < 0.72 ppm loose

1.4-103

in precision
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|The Parameters of the Standard Model | Thomson
scatterlng

— in four fermion and vector boson processes — |
(87

SU2)L @ U(1)y

unlike in QED and QCD in SM (SBGT) G2, G1, U

parameter interdependence
SiIl2 @W

)

only 3 independent quantities

(besides fermion masses and mixing parameters) |

ete” — ff

ete” - ete™

Q, GM’ MZ
Y

parameter relationships between very precisely measurable quantities

precision tests, possible sign of new physics
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Test of quantum effects

Prototype QED:

form factors

v m polarization '
acuum polarizatio — anomalous magnetic LEP/SLC version of g — 2:

— Lamb shift
moment

ﬂGMM% sin? ©, cos? ©; = ma (14 9;)

sin® ©; = (1 — vp/ap) /4,1 — M2, /M2, €2 /g%, - - differ by quantum corrections only
SM: renormalizable theory ('t Hooft 1971)

O 6; uniquely calculable

0, =Ar; =Ari( o, G, Mgz, Mg, my, mp, -+ -)

very precisely known
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[1 News from LHC: Higgs found, last essential free parameter fixed
My =125 £ 5 GeVv

1 all SM parameters rather precisely known now

01.1876(21) Gev, My, = 80.385(15) Gev, M, = 173.5(1.0) GeV,?
1.16637 x 107> Gev ™2, o' =137.035999, o'®(M2Z) = 0.1184(7).
Precision predictions:

SiHQ @f7 Uy, ar, MW7 FZ) FW? gs - -
all depend on ¢ effective!

Impact of 0 Aav:

specifically My , sin? 0 , etc
§ sin” @ cos?

sin? 0 cos? @ — sin

dAa ~ 1.54 d A«

20

sin? @

— §Aa ~ 0.23 6Aa

1
2 cos2 6 — sin
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0.23099 + 0.00053
0.23159 + 0.00041

CDF/DO exclude 160-170 GeV 95% C.L. ' 0.23221 +0.00029

0.23220 + 0.00081
Direct lower bound: 0.2324 + 0.0012

mpy > 114 GeV at 95% CL

0.23153 + 0.00016

Indirect upper bound: WId.of:11.8/5

my < 186 |GeV at 95% CL

H

VAU LHC
] y s Aa'>) = 0.02758 + 0.00035

Bm=172.7+£2.9 GeV

| 0.2|32 | | tl 0.2|34 |
. 2.lep
sin eeﬁ

(LEP Electroweak Working Group: D. Abbaneo et al. 05)
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0 Evaluation of «(My)

Non-perturbative hadronic contributions Aozgd(s) can be evaluated in terms of

o(eTe” — hadrons) data via dispersion integral:

E2
o Rdata<8/) Compilation: F.J. 2012
1 Theory = pQCD: Gorishny et al. 91,

ds Chetyrkin et al. 97

e'e” - hadrons
» (MD 2/SND —#— pQCD

o
< b
g
i o v

-

average

T
:

e ———- -

0.0 GeV, o0

T e,
-

. éx:L gata o yy2

T T T
2.0 3.0
E (GeV)

o(0) (et e~ —~*—hadrons)
2

47
3s

—&— pQlCD

dverage

A DASPIl, CLED, CUSB, MAC, CELLD,MARK J

7.0 10.0 1.0 12.0
E (GeV)
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Evaluation FJ 2012 update: at M, = 91.1876 GeV

1 R(s)dataupto /s = FE.,; =5 GeV
and for Y resonances region between 9.6 and 11.5 GeV

perturbative QCD from 5.2 to 9.6 GeV
and for the high energy tail above 11.5 GeV

A&(5)

hadrons

(M32) 0.027510 = 0.000218
0.027498 £ 0.000135

o~ (M2) 128.961 + 0.030

128.962 + 0.018
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| A closer look atthe eTe —data I

ML [GeV ]
0%

(MEJ* [Gev?]
S NI [N I IR I I A I |
a1 62 03 04 05 046 07 0K 0%

NA7, TOF, ACO DM1

KLOE 08
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©

e'e” -> hadrons Vs Yy
CMD 2/SND —z— pQCD

e
\ r
e

L TN —p—

nr LR § Toee - S

averadge

I !
: it i $J§VMJ :

DL

e e e s M
TERXXFSOET

RaBar 09

il v

"+ excl data o yy2

4S

T |
| N I

/rV/ A — ¢ —1 ]
Tioo — ¢ I

—— pQCD

—— 4daverage

a DASPII, CLED, CUSB,MAC, CELLO, MARK J

9.0 . 11.0 12.0 13.0
E (GeV)
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R data BES region

zyxk. ararE

28 2.5 3§ 35 40 &5 50O i i . %8 &5 5.0
E IGeY)

O primary goal: R as precise as possible = a,, , a(Mz)
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Note for muon g — 2 region 1 - 2 GeV very important (VEPP 2000)

F. Jegerlehner

3.5

pQCD

A

ave incl

all data

(exc. Bess N[
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— April 10-12, 2013 -
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0 The Anomalous Magnetic Moment of the Muon

. eh
'LL:gMZmMc g =21+ a,)

‘Dirac: 9y = 2 , a, muon anomaly I

Stern, Gerlach 22: g, = 2; Kusch, Foley 48: g, = 2 (1.00119 £ 0.00005)

')
= (—ie) A(p') [Y“Fi(®) + 1% Fo(q?) | u(p)

v(q)

a,, responsible for the Larmor precession

directly proportional at magic energy  ~ 3.1 GeV

CERN, BNL g-2 experiments

- . . _7E~31GeV
Gy = = {CLMB — (au — —72_1) B X E} o
at "magic vy
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The role of a,, in precision physics

Precision measurement of a,, provides most sensitive test of magnetic helicity flip transition
o M ( dim 5 operator )

such a term must be absent for any fermion in any renormalizable theory at tree level

4

a,, is a pure “quantum correction” effect:
a finite model-specific prediction

in any renormalizable quantum field theory (QFT)

@ — test of quantum structure

@ — monitor for new physics

Most fascinating aspect highly complex mathematics meets reality !
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Basic principle of experiment. measure Larmor precession 0 f highly polarized muons

circulating in a ring

G, = 0 would mean no rotation of spin relative to muon momentum!

Storage
Ring

momentum

actual precession x 2

Spin precession inthe g — 2 ring (~ 12°/circle)
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BNL muon storage ring: r= 7.112 meters, aperture of the beam pipe 90 mm, field 1.45 Tesla, momentum of the muon
pu = 3.094 GeVic (see ht t p: / / www. g- 2. bnl . gov/)
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Production and Decay of Muons

Relevant decay chain

T — ptv,

N e+ Ve + 1y

& Do

-
Z VHL"-'D- _
Vet | Eae DeR4--D-O_ o

producing the polarized muons which decay into electrons which carry along in their direction of propagation the

knowledge of the muon’s polarization

F. Jegerlehner ETC* Trento, Italy, April 10-12, 2013, Italy — April 10-12, 2013 -
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How the muon g — 2 experiment at Brookhaven works:

Protons Pions Polarized Muons
from AGS p=3.1 GeV/c Inflector /Injection Point

DOOOOOOOOOO

Injection Orbit
Storage Ring Orbit

Kicker

In Pion Rest Frame Modules
Storage

=\ |
| ;
L/

— — spin

momentum Ring
Vy M+

“Forward” Decay Muons
are highly polarized

The schematics of muon injection and storage in the g — 2ring
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Calorimeter

Wave Form

Digitizer

L s

oS O o ot

o o o o
T T T T

DN

@) =

o o
T T

>
E
T
=
2
N

0 10 20 30 40 50 60 70 80
Time (ns)

Decay of ,u+ and detection of the emitted e™ (PMT=Photomultiplier)
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— April 10-12, 2013 —

22



The role of Ohadronic ---

Decay spectrum: electrons of energy > F vyields very precise

N(t) = No(E) exp [ — ) [1 + A(E) sinwat + ¢(E))] ,

VT

Distribution of counts

T T TTTTI

versus time

)

T T ETTTT

for the 3.6 billion decays

l

in the 2001

Million Events per 149.2ns

T

R
Ty

negative muon

L)

data-taking period

T T TIFAT

=
o
@

o o

60 100
Time modulo 100 ps [us]
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BNL Result and Update

a,, measured via a ratio of frequencies (measurement of a,, and B)

B:% Wo = eaMBalu,U:U‘—'_a,UJ) QTerZZC e

pp = (1 +ay) gat%: (i"Fl) %Zﬂp@

2up (e

0o, = (e/m,)(B) free proton NMR frequency
IR = w,/w, from E-821

OX =wr/®p, = p,/p, from hyperfine splitting of muonium
value used by E-821  3.18334539(10)
new value 3.183345137(85)  Mohr et al. RMP 80 (2008) 633

= change in a, : +0.92 - 1019 review in RPP2009

= (1165920894 5.4 3363) 10" updated |
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DO

i~

O
1

Theory (2006)

&

‘1| Theory KNO (1985)

—_

@)

-]
]

(a,-11659000)x 10~

-~
S
Q
=
S
D)
:‘:I
Q
=
o0
s
n
=
2
®©
=
®)
-
<

+

1/

1979 1997 1998 1999 2000 2001 Average
CERN BNL Running Year

Results of individual E821 measurements, together with las t CERN result and theory values

guoted by the experiments
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[0 Standard Model Prediction for a,,

The QED contributionto  a, has been computed (or estimated) through 5 loops

Growing coefficients in the 04/77 expansion reflect the presence of large  In Z’“‘ ~ 5.3 terms

e

coming from electron loops.

aZ? = 0.001 159 652 180 73(28) Gabrielse et al. 2008
a~!(a.) = 137.0359991657(331)(68)(46)(24)[0.25 ppb] Aoyama et al 2012

agED = 116584 718.851 S0.0292 S0.00QESO. 182&0.0072[0.36] x 10711

Vo Vo Vo Vo

The current uncertainty is well below the ~ £60 x 107! experimental error from E821
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# n of loops Ci [(a/m)™ a2PP x 10

+0.5 116140973.289 (43)

+0.765 857 426(16) 413217.628 (9)

+24.050 509 88(32) 30141.9023 (4)
+130.8796(63) 381.008 (18)
+753.290(1.04) 5.094 (7)

116584718.851 (0.036)

[1 1 diagram Schwinger 1948

A

[1 7 diagrams Peterman 1957, Sommerfield 1957

A A A A A A A

[1 72 diagrams Lautrup, Peterman, de Rafael 1974, Laporta, Remiddi 1996

[1 about 1000 diagrams Kinoshita 1999, Kinoshita, Nio 2004, Aoyama et al. 2012

[] estimates of leading terms Karshenboim 93, Czarnecki, Marciano 00, Kinoshita, Nio 05

[1 all 12672 diagrams (fully automated numerical)  Aoyama et al. 2012
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Brodsky, Sullivan 67, ...,
Bardeen, Gastmans, Lautrup 72

Higgs contribution tiny!

al e = (194.82 £ 0.02) x 10~ 11

Kukhto et al 92

2aqy Mz
Ko my,

Peris, Perrottet, de Rafael 95

potentially large terms ~ G pm

4. guark-lepton (triangle anomaly) cancellation

Czarnecki, Krause, Marciano 96

Heinemeyer, Stdckinger, Weiglein 04, Gribouk, Czarnecki 05 full 2—loop result
av*™®) = (-42.08 & 1.5[my, my] £ 1.0[had]) - 10~ 11

Most recent evaluations: improved hadronic part (beyond QP M)

e = (154.0 = 1.0[had] + 0.3[mg, m¢, 3 — loop]) x 107! | New: My known!

(Knecht, Peris, Perrottet, de Rafael 02, Czarnecki, Marcia  no, Vainshtein 02)
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General problem in electroweak precision physics:

contributions from hadrons (quark loops) at low energy scal

Leptons Quarks

e, U, T « : weak coupling
<~ pQEDI

a : strong coupling
pQéD

(a) Hadronic vacuum polarization ~ O(a?), O(a?)
(b) Hadronic light-by-light scattering ~ O(a:3) Light quark loops — Hadronic “blob”

(c) Hadronic effects in 2-loop EWRC O(oszmi)

F. Jegerlehner ETC* Trento, Italy, April 10-12, 2013, Italy — April 10-12, 2013 -
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had

[1 Evaluation of a,

had
Ay

R,(s) =0 (efe -y — hadrons)/‘“;)i‘2 data via dispersion integral:

Leading non-perturbative hadronic contributions can be obtained in terms of

Eczut A~ O A
am,,\ 2 R (s) K(s) RPICP(s) K(s)
( ) ds + ds
3 52 52

2 2
4m7l’ Ecut

— (690.7 & 4.7)[695.5 & 4.1] 1010

e e~ —data based [incl. BaBar MD09]

Data: CMD-2,SND,KLOE,BaBar

[1 Experimental error implies theoretical uncertainty! | o a7, TOF, Aco OMf

[l Low energy contributions enhanced: ~ 67% of error

had : 2 2 2
on a,*" comes fromregion 4m7 < mz,. < Mg

©  KLOE 08
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[0 About the hadronic light-by-light scattering contributio

Hadrons in (O|T{A"(x1)A" (x9)AP(x3)A% (x4)}|0)

Key object full rank-four hadronic vacuum polarization tensor

[Luap(qr, 42,93) = /d43:1 dz, Atz e (@71 +a2atases)

XCO T (1) 50 (22)gx(23)7,(0)} [ 0) w(p)

non-perturbative physics

general covariant decomposition involves 138 Lorentz stru ctures of which

32 can contribute to g — 2

fortunately, dominated by the pseudoscalar exchanges 7r0, n,n’, ... described by the

effective Wess-Zumino Lagrangian

generally, pQCD useful to evaluate the short distance (S.D. ) tall

F. Jegerlehner ETC* Trento, Italy, April 10-12, 2013, Italy — April 10-12, 2013 —
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[1 the dominant long distance (L.D.) part must be evaluated usi ng some low energy
effective model which includes the pseudoscalar Goldstone bosons as well as the

vector mesons which play a dominant role (vector meson domin ance mechanism); HLS,
ENJL, general RLA, large V. inspired ansétze, and others

Need appropriate low energy effective theory = = amount to calculate the following type
diagrams

83(12) x 10~ —19(13) x 10~ 11 +62(3) x 10~

T, K+

>
L.D. S.D.

LD contribution requires low energy effective hadronic mod els: simplest case 7TO’7’7 vertex

F. Jegerlehner ETC* Trento, Italy, April 10-12, 2013, Italy — April 10-12, 2013 —
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»
o
o

000000

(& ]
o
o

Events / 3% M,, Bin
»
o
bS]

-
(o4
o

.

lJ_LllIlllllllJIllllllllJl—

o . I‘.’I‘L
100 200 300 500 1000 2000

M,, (MeV)

Data show almost background free spikes of the PS mesons! Sub stantial background form

!

qguark loop is absent. Clear message from data: fully non-per turbative, evidence for PS
dominance. However, no information about axial mesons (Lan dau-Yang theorem).

lllustrates how data can tell us where we are.

Low energy expansion in terms of hadronic components: theor etical models vs
experimental data —- KLOE, KEDR, BES, BaBar, Belle, ?

Basic problem: (s, 51, S3)—domain of Frox«.x (s, 51, S2); here (0, s1, s2)—plane
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Two scale problem: “open regions”

— Data, OPE,
— QCD factorization,

— Brodsky-Lepage approach

One scale problem: “no problem”

RLA pQCD
Novel approach: referto quark—hadron duality of large- /. QCD, hadron spectrum known,
infinite series of narrow spin 1 resonances ('t Hooft 79) => no matching problem (resonance
representation has to match quark level representation)

(De Rafael 94, Knecht, Nyffeler 02)

Constraints for on-shell pions (pion pole approximation)

[ General form—factor fﬁo*,y*,y*(s,sl,sg) is largely unknown

F. Jegerlehner ETC* Trento, Italy, April 10-12, 2013, Italy — April 10-12, 2013 -
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The constant e* Fro.-(m2,0,0) = 1;1]2\[; = -5~ ~ 0.025 Gev~" well determined by
0

7 — 77y decay rate (from Wess-Zumino Lagrangian); experimental im provement
needed!

Information on  Fro.«, (m2, —Q?%,0) from ete™ — etTe™ 7" experiments

/ 0970597-008
T | — —

¢ () |

O CELLO

¢ CLEO

S
(5]
e
=
(&7
g
N
(04

L ‘ L
5.0

Q% (GeV?)

CELLO and CLEO measurement of the  7° form factor Fro.«(m2, —Q?, 0) at high

space—like QQ. outdated by BABAR? Belle conforms with theory expectations!
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Brodsky—Lepage interpolating formula gives an acceptable fit.

1 1 2f
WL @peR T @

Inspired by pion pole dominance idea this FF has been used mostly (HKS,BPP,KN) in the

‘7:077( Q2 0) =~

past, but has been criticized recently (MV and FJO07).

[1 Melnikov, Vainshtein: in  chiral limit vertex with external photon must be non-dressed! i.e.
use Fro.+~(0,0,0), which avoids eventual kinematic inconsistency, thus no VM D damping

—> result increases by 30% !

[JIn g — 2 external photon at zero momentum = only  Fo.«, (—Q* —Q* 0) not
Froen(mz, —Q?, 0) is consistent with kinematics. Unfortunately, this off-sh ell form factor
IS not known and in fact not measurable and CELLO/CLEO constraint does not apply!

Obsolete far off-shell pion (in space-like region).
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Measured is F. O~ 7< Q2 ) at high space-like QQ, needed at external vertex is

7r0*7 7( Q2 Q27 0)

L] 1 still claim using fﬁo*,y*,y(o, 0, 0) in this case is not a reliable approximation!
Need realistic “model” for off-shell form—factor .7-}0*7*7(—@2, —Q%0)!
Is it really to be identified with ~ F0+,+,(0,0,0)?

Can we check such guestions experimentally or in lattice QCD
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LbL ;

Evaluation of a, n the large- [V, framework

[1 Knecht & Nyffeler and Melnikov & Vainshtein were using pion- pole approximation
together with large- N, 7’~~—form-factor

[1 FJ & A. Nyffeler: relax from pole approximation, using KN off -shell LDM+V form-factor

F. P(qi, a3, p2)
3 Qe},¢3)
P(q?, ¢35, p2) he + he Do + hs (5 + ¢;) + haps + hs (5 + ¢&5) P2

fwo*v*v* (p72r7 Q%a q3>

thaqi ¢ + (@2 +a7)° + 61 @ (Pr + @3 + a1))
(a1, %) = (ai — M7) (g1 — M3) (@3 — M7) (g5 — M3)
all constants are constraint by SD expansion (OPE). Again, need data to fix parameters!
[ ] needed in HLBL amplitude in unphysical domain

[ ] using hadronic model unavoidable

[ ] mandatory: need experimental constraints in physical acce ssible region
all possible variants of vy — hadrons
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The role of Ohadronic ---

L] looking for new ideas to get ride of model dependence

[1 Lattice QCD will provide an answer [far future (“yellow” reg ion only)]!
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The role of Ohadronic ---

My own calculation: 13 € [—10,10] Gev 2
X a,(LbL; X) x 10!
70 n,n 93.91 £ 12.40
JNO9 based on Nyffeler 09:

al,f{,fl 28.13 £ 5.63 ao,fé,fo —5.98 +1.20

Summary of most recent results

Contribution

HKS

KN

MV

PdRV

N/JIN

w0,
7, K loops

axial vectors
scalars

guark loops

82.7£6.4
—4.5%8.1
1.7x£1.7

9.7£11.1

114+10
0=10
22+ 5

114+13
—19=+19
15=10
==
2.3

99+16

—19+13
22+5
—7x2
21+3

total

89.6£15.4

13625

110+£40 105426

116439
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The role of Ohadronic ---

00 Theory vs Experiment; do we see New Physics?

Contribution Value Reference

QED incl. 4-loops+5-loops 11658471.8851 Remiddi, Kinoshita ...
Leading hadronic vac. pol. 691.0 2011 update
Subleading hadronic vac. pol. -0.974 2011 update
Hadronic light—by—light 11.6 evaluation (J&N 09)

Weak incl. 2-loops 15.40 CMV06

Theory 11659179.7 : —
Experiment 11659209.1 BNL Updated

Exp.- The. 3.3 standard deviations 29.2 —

Standard model theory and experiment comparison [in units 10_10]. What represents the 3 o deviation: L] new
physics? L a statistical fluctuation? [ underestimating uncertainties (experimental, theoretical)?

[] do experiments measure what theoreticians calculate?
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The role of Ohadronic ---

The new muon g — 2 experiments
Fermilab E989, J-PARC

0 da, =16 - 107! by 2017
L1 Magnetic field: 5B <2-.10°8
(B)
[1 Requires 10% error on HLbL
[ Improving HVP in progress
Present:

0 a = 116592089(63) - 10! ; ™ = 116591793 51 - 10~

E989: statistics 21X ; total error factor 4 more precise

Ostat = 0.1 ppm

} Oiot = 0.14 ppm

Osyst = 0.1 ppm

0 a$® = 116 592 zx2(16) - 1071
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The role of Ohadronic ---

The challenge:

~ N

[ aPIVPILO) (6923 & 42) x 10~ +58.82 +0.36 ppm )
a2VP [N LO] (=98 4+ 1) x 1011

aFW (154 +£1) x 101

afiadLbL (105 + 115) =+ (26 = 40)] x 107*  +0.90 £0.22 ppm
das;® present 63 x 10~ +0.54 ppm

das;® future 16 x 10~ +0.14 ppm

N -

Next generation experiments require a  factor 4 reduction of the uncertainty

optimistically feasible is  factor 2 we hope

Most urgent R-Measurements above 1GeV, including VEPP 2000  and BES-III
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The role of Ohadronic ---

New physics sensitivity:  (example)
2
AaEUSY/aM ~ 1.25ppm (%) tan 0
m lightest SUSY particle; SUSY requires two Higgs doublets
tan 0 = %,Ui =< H;,> ; 1=1,2
tan B ~ my/my ~ 40 [4 — 40]

The supersymmetric contributions to a, stem from
smuon—neutralino and sneutrino-chargino loops

[J muon g — 2 in contrast requires moderately light SUSY masses and in the pre-LHC era

fitted rather well with expectations from SUSY

[1 a particular role is played by the mass of the light Higgs

At tree level in the MSSM my, < M. This bound receives large radiative corrections from
the t/f sector, which changes the upper bound to (  (Haber & Hempfling 1990) )
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The role of Ohadronic ---

3v2G, m} n
2712 sin? 3

which in any case is well below 200 GeV. A given value of 1my, fixes the value of mq /o

m; ~ M7 cos® 23 +

represented by {m; ,m;, }

[ if Higgs is established at 125 GeV (LHC/CERN) we must have m /2 > 800GeV or higher!

80

wu>0 tang=2,5, 10, 20,30, 40,50

AR ERRELEELEIRELCILLEII
e B e S

X X

—B8—  (g-2) constraint
T T T T T T T T
400 500 700
Mausy (GeV)

Constraint on large tan # SUSY contributions as a function of ~ Mgygy. The horizontal band

shows Aallfp = da,,. The region left of Mgygy ~ 500 GeV is excluded by LHC searches. If
my, ~ 125 £+ 1.5 GeV actually Mgygy > 800 GeV depending on details of the stop sector

mixing and mass splitting) and weakly on tan (3 .
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The role of Ohadronic ---

New physics typically:

SM)

where naturally C = O(a/) (~ lowest order a”,

Typical New Physics scales required to satisfy Aau = 0ay;

o/ (a/7)?

100773 Gev 571 Gev
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The role of Ohadronic ---

The Muon g — 2
“the closer you look the more there is to see”

FNAL BNL CERN III CERN II
2017 2004 1976 1968

o M S

QED 6th

8th

10th
hadronic VP

hadronic LBL

weak

New Physics

SM precision

0.03 0.1 1 10 102 10° 104
a,, uncertainty [ppm]

Sensitivity of g — 2 experiments to various contributions. New Physics illustr ated by

deviation (ag® — azhe) /ac®

The anomalous magnetic moment of the muon by itself a tiny 0.1 16 % effect now measured at5 -10~"!
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The role of Ohadronic ---

[1 The Future

[1 We are hoping for follow up experiment at Fermilab/USA or JPA
[]

C/Japan

Improved hadronic VP needed (dominating present theory err or)

— Experimental program still urgently needed: VEPP-2000, B ES IlI, Belle

— Lattice QCD will provide results within a few years to cross

check and hopefully
improve hadronic VP calculations up to 2 GeV

[ 1 Hadronic LbL the touchstone for theory :

— Progress possible: sort out “the” realistic resonance Lag

energy effective version of QCD] by global fit strategies

rangian [as the true low

— Lattice QCD calculations can provide in steps important re

sults to cross check model
calculations [very long term project]
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The role of Ohadronic ---

Comparison of error profiles between Aozgd(M%), Aozgd(—so) and @,

Aal®

had

(M)
Aaﬁiﬂ(—s@

Long term goal: 1% precision up to 12 GeV

Thanks you for your attention! Thanks to ETC* for the great ho spitality
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The role of Ohadronic ---

itp @ PRISMA

Announcement of MITP Workshop on muon g-2:

Hadronic contributions to the muon anomalous magnetic mome nt:

strategies for improvements of the accuracy of the theoreti cal prediction

Coordinators/Organizers:  Tom Blum (University of Conneticut), Achim Denig (JGU Mainz ),
Simon Eidelman (INP Novosibirsk), Fred Jegerlehner (HU Ber  lin), Dominik Stéckinger (TU
Dresden), Marc Vanderhaeghen (JGU Mainz)

March 31 - April 12, 2014 at Johannes Gutenberg University Ma  inz

in conjunction with  SFB Collaboration Meeting (2nd week)
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