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MUON G-2 AND LHC

Lepton magnetic moment and its anomalous part:
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LEPTON ANOMALOUS MAGNETIC MOMENTS

Electron anomalous magnetic moment measured at Harvara:

aS*P = 1.15965218073(28) x 10™° (0.24 ppb)

[Hanneke, Fogwell, Gabrielse, PRL 100 (2008) 120801 ]
. | - 5
SM prediction including emg. corrections up to (a/m)”;

CLSM = 115965218178(77) X 10_3 [Aoyama et al, PRL 109 (2012) | 11807]
— fine structure constant o~ = 137.035999174(35)

Muon anomalous magnetic moment measured at Brookhaven:

a$P = 1.16592080(54)(33) x 1077 (0.54 ppm)

[BNL Muon g-2 collaboration, PRD/3, 072003 (2006)]
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MUON G-2 IN THE STANDARD MODEL

et al, EurPhys). C71(201 1) 1515]

5
aSM — ¢QED \Q% —+...(3) "+ 116584718.951(10)
Y [10—11]

2 ‘o _eading order: 6923(42)
A @ * Higher orders: —97.9(0.9)
Y _ight-by-light sctg.. 105(26)

S ‘/‘/

+ (2 — loop) : 154(1)

a; "t = 116591802(49) x 10~




THEORY VERSUS BNL MEASUREMENT

Discrepancy between standard model and experiment ~ 30 :

Aagy =aS® — o)™ = (287 £80) x 1071

[Davier et al, EurPhys). C71(2011) 1515]
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NEW PHYSICS IN G-2

* Aa, = O(a};"V) compatible with new particles at EW scale.

* Need source of chiral symmetry breaking.
Standard model: £ D —y,pmrurh

2 orEiT I IaNEEEE  b------
m a m 9p  Yu
O end = 0 ML MR
w2 r B
€ e

* a, IS more sensitive to NP effects than a. , despite being
less precisely known experimentally.




PROMINENT EXAMPLES

Supersymmetric Standard Model

, m
tan 8 enhancement from muon Yukawa coupling y,, = 7“ tan f3

Hy W B B B ;) 2
~ 15
Zng W mu Xy, B HY Ap mﬂtan - M
MR y,u Y AL PR iR pr pr - HR 1R y,u HL

[see, for instance, Stdckinger, |.Phys.G34 (2007) R45]

Light dark matter (Ms S Mp ~ 1GeV)

Aay, favors Mg /A < 100 GeV

Here: dark scalar plus fermion mediator

[e.g. Gninenko 2001, Fayet 2007/, Pospelov 2008, Agrawal, Chacko, Verhaaren, arXiv: [402.7369]
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MODEL-INDEPENDENT APPROACH

Consider new fields:
* spin O,1/2,1 and integer electric charge
* weak singlets, doublets, triplets (all color singlets)

Three classes of one-loop contributions to a,, :
-
»
" Y w o
Z P~ \;,1/\/\,
v ¢
o-
A%
>

One new field Two new fields Two mixing fermions
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GENERAL PARTICLE FEATURES

* M > 100 GeV :sizeable couplings — observable at LHC.
* Weak multiplet members are degenerate in mass.
* Real, perturbative couplings to leptons.

* New fermions have vector-like weak interactions.

* All interactions are minimally flavor violating.



MINIMAL FLAVORVIOLATION

Strong exp. constraints on flavor-violating couplings ~ A . :

1TeV*
Ay

B(p — ey) ~ 6.34 x 1077 ( ) e e D T2

[Cirigliano et al.,, Nucl.Phys.B728 (2005) 121]

Minimal flavor violation:

* Fermions In fundamental repres. of Gr = SU(3);, x SU(3)..
* [hree flavor copies of new fermions.
* Yukawa mixing Y, ~ Yy or Yy, ~ Y, (A e ~ neutrino mixing).

o, Vu =D
Muon mass protected: — y,v(1 + dm 3 ‘
p m,u y,u ( —I_ ,u) ML /“W\ MR
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Eﬁw ONE NEW BOSON: LEP BOUNDS

M > /s ~ 200 GeV: 4-lepton contact interactions

0 € . 0 >
ge ; ik
A . 3 Mg§ < (0.0003 GeV—1)?
VO, ¢ V,o [LEP colls., hep-ex/06 12034]
/+ ot Vs

excluded

€

M
+

M < 200 GeV : neutralino resonance searches
ete” = (V°,0°)y = 0740~

OPAL |

20

%00 120 40160 180 200 220 240 260 280 300
[OPAL coll,, EurPhys). C13 (2000) 553] m; / GeV

— go/My.¢ < 0.0008 GeV ™!

Exclude neutral vector boson and scalar doublet
or scalar adjoint triplet as explanations of Aa,,.




23 ONE NEW FERMION: LEP BOUNDS

New fermions mixing with SM leptons, € = j{;i:
Y

L5 —YyorHls +he s (1 &/Dlav*erZ, (LEP)

and e%y“ZRZ“ (ap)

G|Oba| ﬂt TO LEP data: |€| 5 0.03 [Aguila et al, PRD78 (2008) 013010]

e V-

S~ =22

et /T

Excludes explanation of Aa,, by a fermion doublet or
charged singlet (neutral singlet and triplet yield §a,, < 0).
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MIXING VECTOR FERMIONS
(Here: charged singlet 1= and doublet ¥ p)

Two viable minimally flavor-violating scenarios:

e (3.1), vp=(L,3)

gl

Nr Yy 5 0.2, || < 0.03

A
i % :R d 561,” = 0(10_10)

A

p)¥=, ¢p = (1,3) or (3,1)

2
i A Yyl S Vi, [e] £0.03
KL KR
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MIXING VECTOR FERMIONS

(Here: charged singlet 1™ and doublet ¥ p)

Two viable minimally flavor-violating scenarios:

a)y= = (3,1), ¥p = (1,3) Sae = —<Aa, =14 x 10711

m
H SM
&

gl

NV |Y¢| S U g S UHE

U f “w
i % :R d 50,” = 0(10_10)

7

Pt —

p)¥=, ¢p = (1,3) or (3,1)

Y
i A Yyl S Vi, [e] £0.03
KL KR
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;17 TWO NEW FIELDS: LEP BOUNDS

Indirect bound on SM-NP-NP couplings at one-loop level:

M2 /5
m >-< : 67T2 M2 < (0.0003 GeV~1)?

[LEP colls., hep-ex/0612034]

LEP constraints on da,, In regions of strong couplings:
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VIABLE G-2 CANDIDATES AFTER LEP

One new field o

e charged vector singlet V= v
i

Two new fields

o+ ¢” + 9" :neutral scalar + charged fermion singlet

* p + Ya r:scalar doublet & fermion triplets (Y=0 andY=-1)
* ¢4+ 7 :scalar adjoint triplet & fermion triplet (Y=-1)

e

» V= +49" :charged vector singlet & neutral fermion
* Va+9p :vectoradjoint tmplet & fermion doublet

One-loop LEP bounds optional;
may be relaxed by tree-level NP




DIREC | |ESTS AT THE LSS

(Here: charged vector singlet & neutral fermion singlet)

Mv<M¢ Mv>M¢

Assumptions

* Drell-Yan pair production (model-independent).
* [wo new fields: constrain the lighter one (no cascades).
o [f this is a SM singlet, look for cascade decays.

* Decay dominantly (and flavor-universally) into leptons.

IV



BEEAS | SEARCHES BY AlLAS SOG.

(charged vector singlet & neutral fermion singlet ctd.)

My < My : slepton production . _cweemey  ysswiee
E 300 ;— pp—7¢ ¢, ﬁL iIL 9_5% C.L. CLs NLO Exclusions _i E %
— s
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[CMS-PAS-5US-13-006] m- (GeV)

95% C.L. upper limit on cross se

My > M,: multi-lepton search rmmasconrois09

o is weak singlet: B(y® — Wtet) =1/2 My > 373 GeV

» ¥ part of weak doublet: B(y® — W=¢E) =1 My > 476 GeV
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[HC CONSTRAINTS ON G-2
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G-2 CANDIDATES AFTER LHCS
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B2 1 ES T POTENTIAL OF LG

e Assuming similar experimental efficiency, rescale event yield

(14 TeV)
(8 TeV)

N14(300fb~ 1) = Ng(20fb™ 1)
e LHCI4 can test Aa,in almost all scenarios at the 20 level.

* Bounds expected to tighten when searches are optimized to
scenarios for Aa,, .

e Combined with LEP bounds, LHC |4 will conclusively test all
these simplified models.

2



PROSPECTS: ORIGIN OF G-2 ANOMALY?

e Current g-2 uncertainties:

B =163 <10 o)~ 49X 10T

e Fermilab’s E989 and J-PARC: A
Jas® e £16 x 10~ - '
RS e Gicditedlicea SIMierror: o
5aiM ~ 435 x 10~
Jotal uncertainty may be :ig(:p :
reduced by a factor of 2. e :
S N T NS R REEE R N ] R R

140 150 160 170 180 190 200 210
[Blum et al, arXiv:1311.2198]  a,-11659 000 (107°)
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EEEIRE RN C CONSTRAINTS ON G-2 SCENEIRESS

Scenario | Production LHCS LHC14
%6 pp — VTV~— My, > 398 GeV | My > 676 GeV
@0+ p* | My < My: pp — ¢y~
My > My: pp — v~ — 00 0= ¢° X
O +1hp | My < My: pp — ¢F)°
My > My: pp = T~ = £F¢0 L ¢°
¢p + T | My < My: pp — ¢y~
My > My: pp — ¢*¢° X
dp +ha | My < My: pp — p*¢° X X
My > My: pp — ¢=¢° X X
b +br | My < My: pp — v M, > 258 GeV | M, > 420 GeV
My > My: pp — ¢=¢° My > 380 GeV X
da+ V7 | My < My: pp — 0 M,y > 258 GeV X
My > My: pp — ¢=¢° X X
VE+ O | My < My: pp — VIV - My > 398 GeV | My > 676 GeV
My > My: pp— VIV™ = 0+00 090 | My > 373 GeV | My > 716 GeV
VE+p | My < My: pp— VIV~ My > 398 GeV | My > 676 GeV
My > My: pp— VIV™ = 0+0 040 | My > 476 GeV | My > 903 GeV
Va+vp | My < My: pp = VTV~ My, > 398 GeV
My > My: pp — = My > 296 GeV
Decay | ¢° —¢+0= | VO =0+~ | ¥ =wvZ, vH, (FWT
ot =0Ty | VES | Yt =R Z R H, vV E
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