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Status of SM Higgs couplings
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From h — ~vy ...

@ In the SM, Yukawa coupling is

Yf 7
Ly =—=—ffh
gl Y V2

@ We will look at modification

---- Ye PR
LY — = (ke ff + ike fysf) h
Y \ﬁ ( f 175 )
! @ New contributions can lead to CP-violating
Higgs decays, will modify Higgs production
cross section and decay rates
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...to electric dipole moments

@ Dipole moments of elementary spin-1/2
particles violate T

@ SM “background” enters at three- and
four-loop level

@ Complementary to collider measurements

@ Need to make assumptions
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Rumor has it ...

@ ...that certain higher-order contributions
are considered at the 2014 Aspen winter
conference
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Outline

@ Constraints on the top coupling

e LHC

o EDMs
@ Constraints on the bottom and 7 couplings

e LHC

o EDMs
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Constraints on the top coupling
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Constraints from gg — h

@ gg — h generated at one loop

@ Have effective potential

Qs h ~ Og hGa él“’va
_Cg877 ny
m™ Vv

® Cg, &g given in terms of loop functions

) Rg = Cg/Cg’SM, Rg = 3Eg/2cg,5|\/|

= |kg|? + |Rg|* = K7 + 2.6 K7 + 0.11 k¢ (r¢ — 1)
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Constraints from h — v
@ h — ~~ generated at one loop

@ Have effective potential

a h , . 30 h y
Veffszy;;F‘u,,Fu ,y%*Fl“,F#

® ¢y, &, given in terms of loop functions

) Ry = C,Y/C,Y,SM, ’%’Y = 357/2C%5M

F(h— )
F(h—=v7)sm

= |Ky ]2 4[R2 = (1.28 — 0.28 )% + (0.43 71)?
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LHC input

CMS Preliminary {s=7TeV, L<5.11b" VS=8TeV,L< 196 fb"
S 2.0prrrrr e e e e T

Ky, Kg

@ Naive weighted average of ATLAS, CMS 12

TR T T T T

Kgwa =0.91+008, rywa=110+£011

RRNRAREREENRRA

@ We set HE/W’WA = |kg/y* 4 |Rg/y 2 02

[CMS-PAS-HIG-13-005]
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Electric Dipole Moments (EDMs) — Generalities

Energy
Higher-dimensional o Th t f EDM
TevV Higgs effective operators ree types o S
GeV — lModlﬁed Higgs couplmgs] ? Neglect CP-odd
acoL 0, dy, dg, w electron-nucleon coupling
nuclear—- @ [neutron EDM] o Assume some solution of
) EDMs of para- EDMs of strong CP problem
atomic—— magnetic atoms diamagnetic
and molecules atoms

@ QCD uncertainties

[Adapted from Pospelov et al., 2005]
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Electron EDM

Eeff = *de é EJHV’% € F,ul/ t

@ EDM induced via “Barr-Zee" diagrams [Weinberg 1989, Barr & Zee 1990]
@ |d./e| < 8.7 %107 cm (90% CL) [ACME 2013] with ThO molecules

@ Constraint on & vanishes if Higgs does not couple to electron
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Neutron EDM

i
Eeff = _dq 5 qO-HV,Y5q F/,Ll/
—d, % got Toy5q G,

1 ~
bc ra b,o ~c,uv
—w=fPG_ GG ho g
3 no v S

@ Three operators; will mix, need to perform RGE analysis

% = {(1.0 +0.5) [-5.3KqR¢ + 5.1 1072 keie

+(22+£10)1.8-1072 ntr-;t} .10~ Bem.

@ w X K¢R; subdominant, but does not vanish if Higgs does not couple to light
quarks

@ |d,/e| < 2.9 x107%°cm (90% CL) [Baker et al., 2006]
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Mercury EDM

@ Diamagnetic atoms also provide constraints
@ |dhg/e| < 3.1 x 107 cm (95% CL) [Griffith et al., 2009]

@ Dominant contribution from CP-odd isovector pion-nucleon interaction

d
T — — (419) [3.17: — 32107 kife ] - 107 em

@ Again, w x K;K; subdominant, but does not vanish if Higgs does not couple
to light quarks
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Combined constraints on top coupling

Kud,e=1 Kude=1

Higgs prod.

Hg EDM

neutr. EDM

-1.0 =05 0.0 0.5 1.0
Kt

@ Assume SM couplings to electron and light quarks

@ Future projection for 3000fb ! @ high-luminosity LHC

[J. Olsen, talk at Snowmass Energy Frontier workshop)]

@ Factor 90 (300) improvement on electron (neutron) EDM
[Fundamental Physics at the Energy Frontier, arXiv:1205.2671]
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Combined constraints on top couplings

@ Set couplings to electron and light quarks to zero

@ Contribution of Weinberg operator will lead to strong constraints in the
future scenario

Ku,d,e= 0

090 095  L00 105 110
Kt
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Constraints on the bottom and 7 couplings
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Collider constraints

@ Modifications of gg — h, h — 7y due to kp # 1, K # 0 are subleading
@ = Main effect: modifications of branching ratios / total decay rate

(k2 + &2)Br(h — bb)sm
1+ (k2 + &2 — 1)Br(h — bb)sm

Br(h — X)sm
1+ (k2 + &2 — 1)Br(h — bb)sm

Br(h — bb) =

Br(h — X) =

@ Use naive averages of ATLAS / CMS signal strengths jix
for X = bb, 7777, vy, WW, Z2Z

@ jix = Br(h — X)/Br(h — X)sm up to subleading corrections of production
cross section
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Constraints from EDMs

@ Contributions to EDMs suppressed by small Yukawas;
still get meaningful constraints in future scenario

@ For electron EDM, simply replace charges and couplings

@ Have extra scale m, < M), = log m?/M?

2

dg(pw) ~ —4eQq N, Qb( pE \[Gpmq mqmbﬁg (Iog
h

~ m? m T

dq(,UW) ( ) qulﬂib M2 <|og2 V% 4+

Qs . om? m2 3
h
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RGE analysis of the b-quark contribution to EDMs

@ Integrating out the bottom together with the Higgs ;

introduces O(3) uncertainty in CEDM Wilson ’

coefficient

@ Two-step matching at M, and my:

\\-// g
'
1
i h b
1
1
o
/é/.\q\ q q
o Integrate out Higgs @ Mixing into @ Matching onto
- T - q _ 3 BirHY .
e Of = gq binsb 9 O = 3o T qbic" s T7b @ Of = 532" T* 4G},
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RGE analysis of the b-quark contribution to EDMs

0 O =— eQb Gov5qF .
q __ i mp =
o Of = fig—s"qa’“’ Ty5qGj,
_ 1 rabc ra b,o ~c,uv
) (’)7_——3gsf GWGZ, G+
2 ©),(0),.(0)
b

° C3(1s) = —4*&‘:;2 Qqlog” A7) g 4o it + Ood),
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Combined constraints

on bottoms couplings

Ku,d,e=1

Higgs
(LHC 3000 fb")

0.04F
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@ Assume SM couplings to electron and light quarks

@ Future projection for 3000fb~ @ high-luminosity LHC

@ Factor 90 (300) improvement on electron (neutron) EDM
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Combined constraints on bottom couplings

@ Set couplings to electron and light quarks to zero

@ Contribution of Weinberg operator will lead to competitive constraints in the
future scenario

Kud,e=0 Ku,d,t=0

210 =05 00 05 10
K
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Combined constraints on 7 couplings

@ Effect on x4, Ry again subleading

@ Modification of branching ratios

Kud,e=1 Kud,e=1

Higgs (LHC 3000 fb")

el. EDM

-1

-2

-3
-3 -2 -1 0 1 2 3 -1.0  -05 0.0 0.5 1.0

Kr Kr

@ Weaker constraint from angular correlations in h — 77, but does not rely on
coupling to light fermions [see next talk by Reinard Primulando]

Joachim Brod (University of Cincinnati) [« ints on CP-violating Higgs i 24 /26




Outlook

@ Need to understand the properties of the newly discovered Higgs boson
@ LHC experiments and EDMs put constraints on CP-violating Higgs couplings

@ EDM constraints will become strong in particular in the future
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Outlook
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