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Plan of my talk

@ Introductory remarks
@ Higgs couplings with no new Lorentz structures
o Coupling parametrizations
o x? minimisation technique
o Allowed parameter space
o Higgs couplings with new Lorentz structures
e Modified cut-efficiencies @ 8 TeV LHC

o Gauge invariant dimension-6 operators
o Modified efficiencies
o Global analysis

o Observables to disentangle new physics @ 14 TeV HL — LHC

@ Summary and conclusions
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Higgs discovery in 2012 !l

@ Existence of a scalar boson proposed by
Higgs, Brout, Englert, Guralnik, Hagen and
Kibble around 1964

@ Discovery of the celebrated Higgs boson at a
mass ~ 125 GeV 2 announced on 4t July,
2012

@ Dedicated search methods devised by both
the CMS and ATLAS collaborations at the
LHC made this discovery possible

aCMS + ATLAS (combined) : My = 125.09+0.21
(stat.) £0.11 (syst.) GeV in the H — v and the
H — ZZ* — 4/ channels.
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The 125 GeV boson and its properties

@ The nature of the discovered boson is more or less consistent with the SM
Higgs

o Its combined (CMS + ATLAS) mass is measured to be My = 125.09 &+ 0.21
(stat.) +0.11 (syst.) GeV in the H — v~ and the H — ZZ* — 4{ channels

@ A CP-even spin zero hypothesis is favoured

@ No more excess seen in the vy channel

e If it is “the Higgs", then its mass has fixed the SM

@ Crucial check : Independent measurement of self couplings

o Till a reliable measurement of self-coupling is available it is best to consider
the available final states that reflect the Higgs couplings
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Signal strengths (7 + 8 TeV @ 25 fb~1) !l

CMS ATLAS
. 19.71b7 (8 TeV) + 5.1 16" (7 TeV) ATLAS Input measurements
Con;t:lr:%%to.ﬂ CMS m, = 125 GeV Individual analysis + 1§ on ”,
H— vy (untagged) il 3y . |
H— vy (VBF tag) | Pg, =084 -y
H- vy (VH tag)
H - vy (ttH tag) H - zz
H— ZZ (0/1-jet) H
H— ZZ (24et) e :
H— WW (0/1-jet) ‘
H— WW (VBF tag) —— : :
H— WW (VH tag) :
H - WW (ttH tag) — o : :
H— 1t (0/1-jet) N i
H - 1t (VBF tag) L : :
H 11 (VH tag) N N ; ; ‘
H - 1z (ttH tag) » e ——
H = bb (VH tag) M I
Hobb(tHtag)| —mb— [ S S——
4 2 0 2 4 6 Vo= 7 Tov, 4547 15" -2 0 2 4
Best fit o/og, \5=8Tev, 203 b Signal strength (1)
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Case 1 : No new Lorentz structures in Higgs couplings

Higgs amplitudes are modified by multiplicative factors not changing
its Lorentz structure

SB, S.Mukhopadhyay, B.Mukhopadhyaya

Updated with the most recent results from the LHC (as shown in the
previous slide) !
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Modified Higgs couplings ...

To fermions

@ Higgs couplings to T3 = +1/2
and —1/2 fermions can have
separate deviations from SM
values

eff i5
-AH?t:

5 Y
e’ ayApit
eff
AHBb_adAbe
Yukawa couplings modifications

Absorptive phase in top
effective loop amplitude (shows
up in top and W loop
interference in H — )
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To weak bosons

@ Higgs couplings to W and Z bosons can be
parametrized as

2
eff 2m myy

L5 =Bw HWwH=

eff

Liizz= BZ — HZ/: z"

@ [Bw # Bz can arise from

o Gauge-invariant operators of higher
dimensions

e Extended higgs sectors (Higgs triplets
etc.)

@ Completely model-independent study

8 /46




|
Modified Higgs couplings to pairs of gluons and photons

@ Such couplings are parametrized as

s

eff _ ) a apv
Log=—xgf(aw) 127WHGWG /

eff Qlem W
E’Y“,':_X“;g(o‘l-ﬁQd:/BWaé)STFLVHFHVF/

e f and g : Functions of modified Higgs couplings to fermions and weak bosons

@ xg; and x, : Effects of new coloured (uncoloured) states in the loops
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Possible Higgs invisible width

@ Higgs can decay invisibly in a number of models.
@ We do not adhere to any specific model.
@ Higgs may decay invisibly to a pair of “dark matter” candidates.

@ We define a Higgs invisible branching ratio, € as

Finy = 1 i 6 Z rviS7

where [ is the Higgs visible decay width

@ All modifications in the Higgs couplings affect ¢

Channel : ZH, Bound : 75 % at 95% CL, VBF, Bound : 29 % at 95% CL
Assumption : SM production cross section [ATLAS Collaboration] (2014, 2015)
Channels : VBF + ZH, Bound : 58 % at 95% CL, Assumption : SM production
cross sections [CMS Collaboration] (2014)
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Finding allowed values of parameters

@ Task : To find the allowed values of the °
parameters, au, &d, Bw, Bz, Xg, X, 0 and €

@ Method :

o Construct a x? function defined as

— 12
XQZ/WI

Wi = Rf’md « Rffecay/Rwidth °
R and ps are functions of the parameters
o Minimise the x? function w.r.t the
parameters
e Find 95.45% CL reach for each of the

Best-fit values of i = gobs/0Osm
along with their 1o uncertainties
(7 + 8 TeV), o for each of the
channels

H — WW*, ZZ* ~~, 77, bb for
various production modes of the
Higgs from CMS and ATLAS.

Signal-strengths in
WW?*, v, bb, 77 from Tevatron.

Two cases : Case-A has Sw # 5z
and § = 0 and Case-B has

Bw =pfzand d #0

parameters about x2,,
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Allowed regions in parameter space ...

95% CL marginalised
contours in Case-A (top : Sw
vs Bz, bottom : ay vs ag)

95% CL marginalised
contours in Case-B 3 vs ¢

i (0.81:1.00)
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Higgs invisible BR, ¢, Case-A
(top) and Case-B (bottom)
at 95.45 % CL




Conclusions from this section ...

@ Best-fit values of parameters

Case

oy

]

S

Bw

B

g

X:

€

A(By # Bz and 5 = 0)

1.00

1.00

0.0

1.00

1.08

1.00

0.99

0.00

B (B, = By and 5 # 0)

1.00

1.00

0.81

1.00

1.00

1.00

1.06

0.00

@ A fermiophobic higgs is more or less disfavoured (at least in this simple

framework).

@ The 8 TeV run puts stronger constraints on the Higgs invisible BR.

o Negative yukawa couplings though disfavoured (compared to the data which
came out in 2012) has still not been ruled out completely. Precise
measurement of Higgs production cross-section with a single top quark (and
another quark) will hopefully shed more light on the sign of the Htt coupling.

[CMS-PAS-HIG-14-001]
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Case 2 : New Lorentz structures in Higgs couplings

Beyond multiplicative modifications in the HVV couplings
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Many studies in this direction ...
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Elias-Miro, J. R. Espinosa, E. Masso and A. Pomarol (2013)

Grojean, E. E. Jenkins, A. V. Manohar and M. Trott (2013)

Contino, M. Ghezzi, C. Grojean, M. Muhlleitner and M. Spira (2013)

John Ellis, Veronica Sanz and Tevong You (2014)

Adam Alloul, Benjamin Fuks and Veronica Sanz (2013)
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AO=VEEmA

. many more .
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Case 2.1 : Higher dimensional operators @ LHC

Here we study the HVV couplings with new Lorentz structures, in the
context of the LHC.

SB, S.Mukhopadhyay, B.Mukhopadhyaya (2013)

New : Modified cut-efficiencies due to anomalous couplings !!!
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Gauge invariant operators

@ Obtained by integrating out new physics above a scale A
SU(2) x U(1) invariant

@ Production vertices mostly affected by such operators

Another common formulation

o Example : H(k)W, (p)W, (q) vertex parametrized as iT*"(p, q)e.(p)es(q),
with Ty (p, q) = —gMwg"” and
M2 (P, q) = 7 M(P-9)8ur — Pu@u] + N euwpop?q"], A (X) is the effective
strength for the anomalous CP-conserving (CP-violating) operators

o Easier formalism, more experiment friendly

o Does not take into account the correlations between various HVV couplings

explicitly
e The D = 6 operators have the inherent attribute of relating all the Higgs
couplings
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Gauge-invariant dimension 6 operators : Higgs-Gauge
sector

@ The operators containing the Higgs doublet ® and its derivatives [W. Buchmuller
and D. Wyler], [B. Grzadkowski, M. Iskrzynski, M. Misiak and J. Rosiek] :

O = (D,0) 001 (D"0); O = 30,(®10)0(B10); O3 = 5 (®0)

@ The operators containing the Higgs doublet ® (or its derivatives) and bosonic field
strengths :

OGG = ¢T¢Gj,} Gauy; OBW = (D-]- BMU WMVQ); OWW = q)'l' VAVW, WMV(D

Ow = (D) W" (D, ®); Opg=d'B,,B"o, 0= (D) B"(D,d),

W =i &o,W?H, B" = &' B"; g, g : SU(2), U(1)y gauge couplings
WEV = 6# WVa — 81/ Wi — gﬁabc W: W]/C) B;“/ - au B, — 0, Bl‘

Giy = 0,G) — 0,G] — gsf* G GS

® : Higgs doublet, D, ® = (9, + 4g'B, + ig % W7)® : Covariant derivative
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Effective Lagrangian

The Higgs sector Lagrangian can be written as ?

g gMw '\ fw
2m? m2 f; Hww = A2 2
L=r|""NYHWfWHr 4+ ZHZz, 7V —L0;
K( v H T +Z A2 @ __ (&Mw) .
EHww = A2 ww

The effective Lagrangian due to the D = 6 operators which
affects the Higgs sector is

8Hzz=

 _ (g/\/’w) 2y + sfg

N2 2¢?
_ 1) - (2) -
Ler=8ppw (Wi, WH0"H + h.c.) + giippy HW,, W™ o) (gMW> s*feg + < fuw
8hzz= —
+8l12, Zuw 2V 0" H + 810, HZy 21 A2 2¢?
1 gMw \ s(fw — fg)
+g/(_}Z)A/ A,LI.Z/ZMOVH + g;(_l22),\,, HA;LVZ#V + gH'y'yHA;LVA'uV g,l(-[Z)A,: (T) 2¢
which have different Lorentz structures than the SM one. @ <g/\/]W) s(s?feg — S fuw)
HZ~y ™~
?k and [ are used interchangeably. They are the same. ! N ¢

A2

2

_ (gMW> s%(fss + fuw)
EHyy= —

with s (c) being the sine (cosine) of

the Weinberg angle.

v
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Modified efficiencies

@ We do not assume the efficiencies of @ exx : efficiency of experimental cuts

experimental cuts for various final applied to select a particular final state.

states to be same as the corresponding @ (exx)gsm = (exx)sum ¢ if Higgs

SM ones. couplings only receive multiplicative
@ Global fits performed by comparing modifications to the SM one — not

experimentally obtained signal strength clear if this holds after including

(fixx) in a particular channel XX with

the signal strength predicted by a different Lorentz structures to the

particular framework beyond the SM, couplings. Kinematic distributions will
defined as ifi
get modified.
o [7(pp = H) x BR(H — XX) x (Xi]rsSM ’
Fxx = [o(pp — H) x BR(H — XX) x ‘Xi}sn ‘ J
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Simulation and its validation

@ We consider the
H— WW* +2j, WW* = (Tvl™ i

. H H Cut ATLAS efficiency Our MC efficiency
(¢ = {e, n}) channel which includes e o e
contributions from both VBF and VH piot < a5 0.81-0.93 (0.87) 0.88
. Z = 77 veto 0.86-1.00 (0.92) 0.95
productlon modes. |Ayjl > 2.8 0.45-0.51 (0.48) 0.50
mjj > 500 0.61-0.64 (0.62) 0.53
@ Cut-flow table by ATLAS used for No jetsin y gap | 0.82-0.86 (0.84) 0.81
. . Both / in y gap 0.94-1.00 (0.97) 0.95
validating our Monte Carlo. @5 my < 60 0.87-0.93 (0.90) 0.95
B¢yl < 1.8 0.89-0.96 (0.93) 0.92

used for analysing hadron level events. Cut-efficiencies of the signal (VBF + VH)
cross section in the H — WW* — (Tvl™
channel, for the Nje: > 2 category (ATLAS
@ 8 TeV), demanding different flavour
leptons (etn™ + ute™) in the final state.

@ Our MC cut efficiencies match within
~ 5% of the ATLAS results for most
of the cuts.
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Modified efficiencies and signal strengths

Considering Oy, only, the efficiency as a function of fi4)4/ and  is given by

CWw* +>2—jets (% fyw) =
[o(pp — H)vBF{vH X BR(H — V'/W")]After Cuts

[oep — HIvBEF vE X BRH —» wws)|

50.98k% + 12176k 3 fyyy + 22.85K2 73, + 0.15k 70 + 0.01F4,,

. 272 3 4
1601.43k% + 3796.63k3fyy )y + 666.79rk2F3,) — 1.98rf3 ) +0.73A%

03 04 05 06 07 08 09 1
p Colour code : (gsu - €asm)/Esm in %.
2-0 region with € = &gy

2-0 region with € = epsu

% modification of combined efficiency of all cuts compared to SM
case. 95.45% CL region after imposing the ATLAS (8 TeV)
signal-strength constraint in H — WW* — 22u in > 2 jets

category. Grey region : eggp) = €gp

J

Combined efficiency of all ATLAS cuts (¢) as a function of fiy
22 /46
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Global analysis with LHC data

68.27% and 95.45% CL allowed regions in ~ Marginalised plots
the k — fww parameter space, after
performing a global fit using the data in all
bosonic channels given in table. The best-fit
and SM points are also shown.

1 T T T T T T T

‘ ]

—o— Best-Fit point (1.012,-2.83)
©  SMvalue (1.0,0.0)

——  68% CL region

——  95% CL region

0.8 085 09 095 1 1.05 11 115
X

o
T

fuw/A® (TeV?)
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Case 2.2 : Observables to disentangle new physics @ 14
TeV HL — LHC

Here we propose observables to measure the anomalous HVV couplings in the
context of 14 TeV/ HL — LHC

SB, T. Mandal, B. Mellado, B. Mukhopadhyaya
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The premise

@ The HD operator coefficients are constrained to values of O(1)/TeV?

o Kinematic variables can show very little variations w.r.t. the SM for such
small coefficients

@ One can do a multi-variate analysis (future plan) to probe such small
couplings

@ One can construct observables sensitive to even small values of the operator
coefficients

@ Cross-sections and decay widths are sensitive observables

@ If we construct ratios, many correlated uncertainties get cancelled
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The ratio R4

OggF X BRH—44(f)

Ra(F) =
1) OgeF X BRuww+ 2020 ()

where ¢ = e, 1 and f;’s are the operator
coefficients.

@ Puts very strong bounds on Oy
and Opgg; insensitive to the other
two operators Oy, and Op

o fyw ~ fgp allowed region
~ [—2.76,—2.65] U [—0.06,0.04]
TeV—2

Shankha Banerjee (HRI, Allahabad) IAnomalous Higgs couplings and collider data : some

R @ 14 TeV

furw /A% (TeV=2)

Figure : Ry versus iy /A2 (Tev—2). Red line — theoretical
expectation in presence of HDOs; Dark green band — uncorrelated
theoretical uncertainty; Light green band — total uncorrelated uncertainty at
14 TeV with 3000 fb— 1 integrated luminosity; Black dotted line — central
value.
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The ratio R»

over(f;) X BRy_q ()

Ro(f) =
2(0) = 5 ) BR#_,(f) X BRw

@ We consider the bounds from R4
for Oww and see that even such
small values can be probed at 14
TeV HL — LHC

e fiyw /A? excluded region :
[~1.96,+1.62] TeV~2, fiy /A2
excluded region : [-2.10, +2.50]
TeV—2

Shankha Banerjee (HRI, Allahabad) IAnomalous Higgs couplings and collider data : some

R (HDO)

i 2 o 2 T
fww /A% (TeV—2)

=
&

Ra (SM)
R (HDO)

~a =) 0 2 1
Sw /A (Tev—2)

Figure : ®=, versus (a) gy /A2 (Tev=2), (b) fiy /A2 (Tev—2).
Red line — theoretical expectation in presence of HDOs; Dark green band
— uncorrelated theoretical uncertainty; Light green band — total
uncorrelated uncertainty at 14 TeV with 3000 b1 integrated luminosity;
Black dotted line — central value.
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The ratio R3

0.015 i i ‘
0.014
R3(f-) _ OggF X BRH—)Z’)’*}2[’V("}) 003
) =
OggF X BRH—>WW*—>2£2V(fi) 0.012
Z 0 om
= o
o g sensitive only to the ZZ* and g oo
0.008
Z~ channels. o
@ Sensitivity to ZZ* is negligible. 0.006

0.005

15 -10 5 0 5
fp/A? (TeV=2)

Sensitivity to Z+ is strong, but
H — Z~ is not yet measured.

Figure : ®j versus fg /A2 (Tev—2). Red line — theoretical

o Projected bOU nds 7('8//\2 is expectation in presence of HDOs; Dark green band — uncorrelated
theoretical uncertainty; Light green band — total uncorrelated uncertainty at
[78 44 77 17] U [70 72 +0 56] 14 TeV with 3000 fb—1 integrated luminosity; Black dotted line — central
Y ! ' ) ! value.
TeV—2. , )
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Ranges of R1, R, and R3

Observable Oww Ogs Ow Og
[-3.32,—2.91] | [-3.32, —2.91] Not Not
Ri1 @ 7+8 TeV U U bounded bounded
[+0.12,40.57] | [+0.12,+0.57]
[—2.76,—2.65] | [—2.76, —2.65] Not Not
Ri1 @ 14 TeV U U bounded bounded
[-0.06,+0.04] | [—0.06,+0.04]
R> @ 14 TeV | [-1.96,+1.62] Not [-2.10,+2.50] Not
bounded bounded
Not Not Not [—8.44,—7.17]
R3 @ 14 TeV used used used U
[-0.72,4-0.56]

Table : We summarize our obtained allowed region of the coefficients of HDOs using the
three observables. R3 is not used to constrain the operators Oww, Ogg and Ow.
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Summary and conclusions

@ Higgs anomalous couplings can have multiplicative corrections or can have

new Lorentz structures
@ Present data bounds the multiplicative parameters to near-SM values

@ Small but finite invisible decay width still allowed by data

f and k.
@ The change can be as large as 50% for certain channels.

@ On imposing a global fit to the data, we find that a modest range of (f,x)

is allowed.
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Summary and conclusions

@ The VBF channel is more sensitive to the HD operators when compared to
the gluon fusion channel.

@ Assumption of specific UV-completion is avoided. In a specific
UV-completion scheme, more than one operators can be generated. It might
affect some of our conclusions.

@ Studying one operator at a time gives us insight into how it typically affects
various observables in the Higgs sector.

@ Various ratios can be used to see the effect of small values of operator
coefficients.

@ Multivariate analyses can be helpful in magnifying the otherwise small

differences in kinematic distribution — future study
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Backup slides
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Forms of R

Production
@ Rgp =xZal
Rzn = B

4]

2
Q Ry = By
[+

Reztn = “‘3
@ Rygr ~ M
Decay
® Rzze =65
@ Ryw~ = By
@ Rz = ag
® Ryp=oj
o Ree = 0‘124
@ Rgg =x2al
® r .2 1§aue® Al (ro)+ Jagal (rp)+agall ,(rr)+Bw AL (rw) 12
R 15AY o+ S AT S (o)Al (rr )+l () 12

33/ 46
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Loop functions

Af’/z(ﬂ): 2[ri + (i — 1) ()72
A ()= —[277 + 37 + 321 — 1) (m)]7 2

Here, f(7i), for 7 < 1 is expressed as,

f() = (sin~* /)

while, for 7; > 1, it is given by

2
1 14+4/1—771
2 log ————— —im
1—y/1—77"

In the above equations 7; denotes the ratio m,24/4m,?.
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Bw # [z allowance

e fSw # Bz — breakdown of custodial SU(2) — restricted by T-parameter

@ Such anomalous couplings can arise, for example, from gauge invariant
effective operators, an example being O,

@ This operator in itself gives rise to unequal Sy and 57

@ Taking this operator alone, precision constraints yield the limits :

0.991 < By < 1.001
0.997 < B, < 1.028
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The absorptive phase

@ Phase in the Htt effective coupling can arise due to imaginary (absorptive)
parts coming from loop diagrams for the transition where some of the
intermediate SM states in the loop graphs, being lighter than the Higgs
boson, can go on-shell. [L.Covi (1997)]

@ For example, a heavy W’ like gauge boson having W'tb type couplings can
give rise to additional contributions to the Htt effective coupling, via a
triangle loop involving two b-quarks, where the b-quarks can go on-shell
inside the loop.

@ This would then give rise to an imaginary part in the effective interaction.
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Case B : oy vs ag (marginalised) ... old data

Shankha Banerjee (HRI, Allahabad) Anomalous Higgs couplings and collider data : some 37 /46



Global analysis with LHC data

@ We use the results of the bosonic decay channels of ATLAS and CMS.

Channel ATLAS CMS
H — vy 1.17t§§2 1.14t§;§§
* . .21
H— WwW 1.09t8,2é 0.83t8§é
* 4 .
H—ZZ 1.4475%3 | 1.0075:59
H — WW* +2—jets | 1.277953 | 0.627559

Table : Signal strengths measured by the ATLAS and CMS collaborations, for the

bosonic final states.
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Decay width parametrizations

@ The partial widths (in GeV) in the relevant decay channels are parametrized
as :

Choswwe= 8.61 x 107 k2 +8.51 x 10 Cxfyyy +2.95 x 1078£3,,
Mo zze=9.28 x 107562 + 4.77 x 10~ "kfiyy + 1.00 x 107°F2,,,
MHosyy=8.59 x 1077 — 8.04 x 10 %k — 4.36 x 10 °fyuw
+1.77 x 107°K% + 1.98 x 10 °kfiyw + 5.68 x 107°f2,,
Mo ze=3.75x 107% — 7.91 x 10"k — 5.65 x 10~ fiuw
+7.12 x 107%2 4+ 1.06 x 10 5k fiyw + 3.82 x 107°F2,,
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Total decay width and production cross section
parametrizations

@ The total Higgs boson width can be parametrized as

rt()t: [307 — 782 X 1073/{, — 437 X 1073fWW
+0.974% + 3.67 x 10 2 kfuw + 8.76 x 10>F2, ] x 1073GeV

@ The tree-level total cross section for the VBF and VH processes at 8 TeV
LHC, before the application of selection cuts, can be expressed as follows

Oppst+2—jets(VBF + VH) = (L.473x — 0.022kfipy + 0.002f3,y ) pb
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Global analysis with LHC data

@ Measurement of the inclusive cross section at 8 TeV LHC in the WW*
channel has been reported by ATLAS, after unfolding all detector effects, and
it is found to be (for my = 125 GeV)

— X — F=4.6 £ b
o(pp — H) x BR(H — WW*)r=4.6+ 1.1 pt
o(pp — H) x BR(H — WW*)gr=0.511532 ph

which are slightly more than the expected SM cross sections (4.2 4+ 0.5 pb)
(ggF) and (0.35 4+ 0.02 pb) (VBF), but consistent with them within the
uncertainties.
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Modification to kinematic distributions : examples

@ Here we consider H — ~ in the VBF channel.

o All the distributions (@ 8 TeV LHC) are shown after applying the standard
trigger and isolation cuts for the photons and the jets.

|A771'1J'2 | ARW’

min

(1/c) do/djan; | (1/0.45 units)
(1/6) do/dARY, i, (1/0.235 units)

0
0 05 1 15 2 25 3 85 4 45 5
lam,| AR

N.B. : 5 and k have been used interchangeably.
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Anomalous VVV interactions

We also consider the anomalous VVV interactions by
Luwwv=—ignwv{g’ (WL W=V — WV, WH)

g
)\V + —vp L
Wi, wreviy

+Kyv WJ W; VY + W v
w

where guw~ = g5, gwwz = g ¢, kv = 1+ Akxy and glz =1+ Aglz with

M2 3g2M2
Aky= TAAQ/ (fw +18); Ay =Az= 2A2WfWWW
M2 M2
z W _ My 2 2
Agl = wa, AK/Z = 2C2/\2 (C f[/\/ — S fB)
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Operator properties

@ Og¢,1: Does not preserve custodial symmetry and is severely constrained by
the T-parameter

@ O¢2: Preserves custodial symmetry and modifies the SM HVV couplings by
multiplicative factors (same Lorentz structure)

@ O¢ 3: Modifies only the Higgs self-interaction and gives an additional
contribution to the Higgs potential

@ Ogg: Introduces HGG coupling with same Lorentz structure as in the SM
(effective HGG coupling)

@ Opw: Drives tree-level Z <+ v mixing and is therefore highly constrained by
EWPD constraints

o Oww, Ow, Opgg, Op: Modifies the HVV couplings by introducing new
Lorentz structure in the Lagrangian. They are not severely constrained by the
EWPD
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The amplitudes : An example

. gM
M =I5 g™ + 7]

1 .
T0= 5 {4(s*as + ¢ ) [ (ks - ko) — ks ky'] + (P fw + °f)

X[-g™ (K + K + 2k - ko) + (K] + 2k K+ kEKD)]}
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Non-Higgs process
One f is varied keeping others fixed to zero and Kk =1

Non-Higgs operator at play : Owww = Tr[W,, W"* Wp“]

o We also [analyse e W @ o variations sm.aII; .strong. l/e. .medlated
t-channel contribution; significant
interference with the s-channel

process to see the concomitant
behaviour with Higgs processes

@ Such a concomitant behaviour possible
through such D = 6 operators

-20 -10 0 10 20 -0 -10 o 10 20
/A% (Tev?) /A2 (Tev?)
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