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Anomalous Higgs Couplings in h — 4/

» Refers to  — VV/ — 4/ decay where 4¢ = 2e2u,4e, 4 and
W = ZZ,Z~,~vy (where Z,~ are in general off-shell)
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» Can parametrize the hVV couplings with following Lagrangian

h ~
L > E(2,41ZZm?ZZﬂZE +AZZ g 7, + AFEZM T, + AAZZ 7,0, 7
+ 240 P, 4 240 PR 7, + 4AD 7,0, FHY

+ AYFME,, + Ag”F“”Ew)

> SM h — 4¢ rate dominated by tree level A7“ operator (treat as ‘BG’)
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Kinematic Distributions in h — 4/ Decay

Sensitivity to Higgs couplings comes
from the many kinematic (eight)
distributions and their correlations

They contain information about CP
properties and tensor structure of
Higgs couplings to ZZ, Z~,~v~
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(Y. Chen, R. Harnik, RVM: 1404.1336)
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The ‘non Higgs’ Background

Dominant irreducible

(V17 V2 = Zv’)/)

which includes both t & s channel

Enters

effect

which ‘widens’ the signal region

Different components dominate in
different regions of My, but

of My, = 125 GeV.

Since kinematic distributions largely
dominated by pole structure, implies

Higgs

by presence of qg — 4¢ BG

(Y. Chen, R. Harnik, RVM: 1503.05855)
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Matrix Element Method (MEM) Analysis

» We use all decay observables to construct a MEM analysis using
normalized (analytic) fully differential cxns for h — 4¢ & qg — 44

v

Pseudo experiments are performed to examine sensitivity to hV/V loop
induced couplings as a function of number of events (or luminosity)

v

Fix AZZ = 2 and perform 8D parameter fit to ‘anamolous’ couplings:
T ZZ A\ZZ AZZ AZv A2y A2
A= (A7, AT7, AL >A2’Y7A377A47aA’2y’y7Agv)

(In SM A} generated at 1-loop and O(10~2 — 10~3) while A} only appear at 3-loop)

» All couplings floated independently and all correlations included
> As test statistic we define ‘average error’ on best fit value:
T oA N
o(4) = \/ T4~ 4)

(;4 is best fit point, Ao is'true’ value, and average taken over large set of PE)
Consider two sets of cuts (‘CMS-like" and ‘Relaxed’):

> pre>20,10,7,7 GeV, |n| < 2.4, 40 GeV < My, 12 GeV < M,
> pre>20,10,5,5 GeV, || < 2.4, 4 GeV < My 5 ¢ (8.8,10.8) GeV

v
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Probing Effective Couplings at LHC

LTV o (b
o

Can potentially probe Z~ and ~~ CP
properties at high luminosity LHC

S N 7:‘) ] Assuming SM production and BR
3 A and ‘true point’ near SM prediction
e s 4 we see much stronger sensitivity to

m_é 3 7~ and ~ effective couplings
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(Y. Chen, R. Harnik, RVM: 1503.05855)
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Wilson Coefficients in Linearly Realized EFT

- Can also perform fits in the context of SM + D6 EFT assuming EW doublet
- Constrains Wilson coefficients in SU(3) ® SU(2), ® U(1)y invariant theory
(LHC Higgs Cross Section Working Group 2: LHCHXSWG-INT-2015-001 cds.cern.ch/record /2001958)

- Easily perform fits in any basis such as in Warsaw (left) or Higgs (right)
(B. Grzadkowski, M. Iskrzynski, M. Misiak, J. Rosiek: 1008.4884, R. S. Gupta, A. Pomarol, F. Riva: 1405.0181)

(Y. Chen, A. Falkowski, R. Harnik, RVM: PRELIMINARY)
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- Also exploring fits with priors derived from other Higgs measurements at LHC



Probing Loop Effects in h — 4/

v

Everything discussed so far is from an ‘EFT perspective’
Can also use h — 4/ to

v

v

In SM, contribute to effective hVV couplings
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Can search for deviations in coupling of Higgs to top and W
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> between tree level hZZ amplitude and top loop diagram
and search for CPV



Probing the Top Yukawa CP Properties

- We first examine the ability to probe the top-Higgs interactions in h — 4/
- Fix gww,zz couplings to SM, but allow general CP mixture of top Yukawa

- We can also compare sensitivity to h — 77, h — Z~, and tth channels

(Y. Chen, D. Stolarski, RVM: 1505.01168)
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- The golden channel should be a useful and qualitatively different channel for

probing the top Yukawa CP properties at the LHC and future colliders



Top and W Couplings and Custodial Symmetry

We can also examine allowing W/ =
coupling to float as well and examine

gww Vs yr and gww vs J: planes .

Another possibility is to probe
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Ongoing Work and Conclusions

» As part of ongoing work we are also exploring:

Work in progress with Y. Chen, A. Falkowski, D. Stolarski

» Sensitivity to coupling

> to loops (squarks, charginos, etc.)

> from other measurements with h — 4¢ MEM analysis
» Examine effective couplings in loop processes (i.e. )

» Conclusions:

> to study Higgs and search for BSM

» Can use h — 4/ to to ZZ,Z~, and ~~ and
couplings to top, W, and Z in underlying loop processes

> Itis a of these couplings

» h — 4/ serves as complementary, but
on-shell decays
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