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Anomalous Couplings and EFT

HVV couplings parameterized by tensor structures which allow for modelling of any
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Using JHUGenLexicon we can map these amplitude couplings to any other EFT basis
we want:

Enforce SU(2) x U(1) to translate between Amplitude basis and EFT bases
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External Constraints

My,and Zff couplings could be affected by EFT operators

- EW precision measurements tightly constrain these shifts

- Allowed range much smaller than sensitivity of Higgs measurements
Can constrain both Zff and My,,to SM within our framework

Leads to relations HE————) ; 7z _ v’ (20HD+GLCHWB (% B 1) CHD)

2 252 2

e G A A A S A A . A S
o 0.1213 0 0 0 0 0 0 y y 0 0 0
CHD 0.2679 —0.0831 0 0 0 0 0 0 —0.1320 —0.1560 0 0
CHW 0 0 —0.0929 —0.0513 —-0.0283 0 0 0 0 0 —0.1212 0
cywn 01520 —0.0613 —0.0513 00323 00513 0 0 0 01763 00360 0 0
CHEA 0 0 —0.0283 0.0513 —-0.0929 0 0 0 0 0 0 0
Carri 0 0 0 0 0 —0.0920 —0.0513 —0.0283 0 0 0 —01212
CHWER 0 0 0 0 0 —0.0513 0.0323 0.0513 0 0 0 0
Ch B 0 0 0 0 0 —0.0283 00513 —0.0029 0 0 0 0

Above: A numerical example of the relationship between the Cyx = 1 and mass
eigenstate amplitude basis used in our analysis



Photons in H — 4|
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Anomalous photon couplings introduces

. oz contributions at low g2

' Example: Simulate SM & ¢y = 10
ua@ ”"W JHUGen (Amplitude basis) kinematic

ki v, e~ w7 distributions equivalent to SMEFTSIim
—_ | (warsaw Basis) with the proper rotation
Sttt Wi oo U GenlLexicon
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Photons in VBF Higgs Production

’ g 0.01 |
C [ — JHUGen SM & C - =10
3t L L HAB

: o.008H L
2.5 B

a2 0.006

1.5 B
C 0.004

I

0.002

0.5

V‘BF[GBV]

-1 UB —06 04 02 0 0.2 [14 06 UE- 1 0 Yﬂ 100 150 200 250 300 350

025

Anomalous photon couplings introduce enhanced yy
and Zy fusion contributions at low g*

Example: Simulate VBF with SM Couplings & C'y37 5 = 10

Cuwp = —0.0513g7%7 + 0.0323g;" + 0.0513g,"




Photons in Z/y™H Production
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Anomalous photon couplings introduce y*H contributions at
low g2

Example: Simulate Z/y*H with SM Couplings & Cup =100
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Pwotons N y H Production

i | qg — vH, JHUGen
08 | 9;1

Y
g2,4

0.6

0.4

02~ 02l

ol 1 P i
0
0 2[][) 4[)0 60(] B(]D 1[]00120014(](]1600180020(](] 1 —08 06 04_02 0 02 04 06 08 1

m,, [GeV] coso!"

Anomalous photon couplings greatly increase rate of y H production
Signal is a Higgs with high pT photon

Unable to distinguish between real valued
CP-Even and CP-Odd couplings




EFT Analysis

Measure Higgs cross sections as a function of anomalous
couplings
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Maximum likelihood calculated for EFT ¢ are functions of kinematic observables Q.

hypothesis to match measured cross factorized into both production and decay
section/kinematic distributions components

[0 purely dependent on anomalous couplings




Higgs Width Calculation
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MELA Observables

* Events have many kinematic observables
* \We construct observables that utilize all
kinematic information
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MELA calculates optimal observables

from matrix elements to distinguish

between various anomalous coupling
hypotheses
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vH Constraints

Only use production info from yH E~o
Unable to distinguish between

CP-Odd and CP-Even with only yH

Constraints of Order ~ 0.05




Constraints: Production + Decay
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Constraints from Decays with
On-Shell photons

Measurements of the rate of H - yy and H = Zy can be used to constrain
anomalous Hyy and HZy couplings

Expected constraints taken from Higgs Working Group 2 Report arxiv:1902.00134
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https://arxiv.org/pdf/1902.00134.pdf

Full Combination: H-> 4l and H-> vy ,Zy
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Conclusion

To increase sensitivity of Higgs coupling to virtual photons, need
to push g2?of analysis as low as possible

Calculated I'yas a function of anomalous couplings

Measuring yH cross section can provide decent constraints on
virtual photon couplings

Using full information from VBF, VH production and H—>4| decay
provides the tightest constraints from HVV measurements



Total Width Calculation

Higgs decay to fermions through virtual photons have sharp peaks
for small ¢* = (ps+ + py-)?
Developed procedure to handle singularities at low g*

For details on derivation see arxiv:2109.13363
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Analytic Decay Rates
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Effective Hyy couplings mimic
heavy quark effects
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Higgs production with photon (yH)

To date there has been no search for yH(125) production at LHC
or LEP

vH production has extremely low SM cross-section

- ~.1 events expected with entire LHC and HL-LHC dataset
Anomalous HZy and Hyy couplings dramatically enhance expected
vH vield above SM for relatively small coupling values
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For gZ¥= 1, expect ~ 2 X10° events




vH Background

Main Sources of background are ggH and qqZZ

qqbar->Z2Z/7 y *->41 background is generated with POWHEG + Pythia
hadronization.
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Total Width Calculation
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otal Width Calculation

Similarly, we can use this procedure for decays to quarks

all 2
PHo2jy = THo2jy| ,  + [Aafxi)d(Mg) + -5 log (:I—%)] 2T Hosyy + O(u? [/ M3)

Hadron form factor unknown/ hard to derive (resonances)
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