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Phenomenology and EFT

Parametrize H couplings in the mass eingestate basis:
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Symmetries and more...
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5 HVV couplings

» Consider SU(2)xU(1) — enforces relations between couplings:
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Phenomenology and experiment — Q7

 AC parametrization presented is the most general Lorentz invariant
form for dim 4 and 6 operators

« Existing and new tools allow rotations from mass eigenstate basis to
others

» Necessary to perform an optimal and analysis

Use ME (MELA) or BDT discriminants that exploit all
kinematic information to boost sensitivity

Use full detector simulation of anomalous couplings
considered (JHUgen)

Techniques such as re-weighting solve the problem of
simulating all the necessary AC contributions
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Measuring the AC contributions

2 types of results:

Fractional AC contr. in
signal strength:

Signal strength:

= . /oM
Hj = 0j/0;

Effective fractional xsec:

w_ | VV|2 (dec) Vv
‘ %i
TRl T

» Total width absorbed in signal strength
» Most systematics cancel in the ratio
» Bounded [-1,1]

» Scan foff
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Interpretation in terms of Lagr.
Coefficients:
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gZZ . 2 2 2
Rzz/2y jyoye = ( 5 ) +0.1695 (kZ%)” 4 0.09076 (gZ%)” + 0.03809 (g7%)
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+0.8095 <17> k2% 1 0.5046 (lT> 927 4+ 0.2002 7% gZ%

2 ZZ
+0.1023 (k57) " +0.1901 (ng) K27 +0.07420 KZZ K27 + 0.04710 gZZ k2

» Anomalous contributions modify the total width!

» Interpret in couplings language
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Event Selections and Observables -

R i

CMS Preliminary CMS Preliminary 137 b (13 TeV)
T T T T T
L HVV, H—4l, dijet events, Dbkg >0.7

Onshell H - 4l analysis iy

10 -

e Consider 2e2u,4u and 4e Higgs decays
e Create categories rich in VBF / VH events

« Use MELA discr. to separate production mechanism and T el R T
distinguish signal vs background

e Categorization discriminants dedicated to AC hypothesis

Events / bin

0.2 0.4

VBF i i
J
max(DZJ.et )

CMS Preliminary 137 b7 (13 TeV)
T T

to ensure optimal selection of events - HVV, o, distevents O, > 07

I —Total --VH

Specific categorization schemes for HVV and Hgg/Hff
couplings

Events / bin

Create ME observables (MELA)

« Exploit production and decay information D (Q) Peig (€2) ;

- Exploit interference information Piig (Q) + Paie (1)

« Perform template likelihood fits Dy (Q) = Pint (Q) ’
* Measure and interpreted to Lagrangian coefficients. 2 \/Psig (@) Par (Q)
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CMS Experiment at LHC, CERN

Data recorded: Thu Jun 28 14:00:31 2018 EDT
Run/Event 318874 / 88897146

Lumi section: 54

Orbit/Crossing: 14097746 / 2821

pp = H jetjet + X

e NN
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HVV couplings H-4 =

3 types of scans:
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HVYV couplings in H—4l =
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HVV couplings SU(2)xU(1) €

CMS Preliminary
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Re-weight templates based on EFT
Independent anomalous couplings reduce to 3
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. . Detailed numerical report of
consistent with SM results in extra material section
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HVV couplings SU(2)xU(1)
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cMms, IE2Y

Hgg couplings with H—4l = QY

CMS Preliminary 137 b (13 TeV)
T ; T T I T T T T T T T ‘ T T T T

— Observed - Expected

Use production vertex to measure | = | 0.01
Hff/Hgg couplings 38 9 i

-2AIn L

Measure cp sensitive f"

-2AIn L

-0.01

—0.01 0 0.01

Interpret in terms of couplings

Hgg analysis show preference for
maximal CP odd/even mixing Parameter Observed Expected

H
&8 —0537 0 [-1,1] 0+1[-1,1]
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Htt couplings =

Study CP structure with f__ in:
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[ ]
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-
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Y,

Hff couplings in H>4l =

HIG-19-009

137 fb" (13 TeV)

CMS Preliminary 20

18
16
14
. . . 12
1 :.' | i ........... 10

CMS Preliminary 137 fb" (13 TeV)

— Observed - Expected

-2AIn L

—ggH(4l)
— ggH(4l)+ttH(yy+41) i

------
.....

-2AIn L

95% CL

— —— — ———— — i — —

[ N LA

Constrain Htt from ggH and ttH:

e InH-4lonly :
assume K = K and for CP odd contributions also

e Combine H- 4l resultand H-yy

similar assumptions as in ttH combination Detailed numerical report of
results in extra material section
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AC can increase considerably the
offshell signal yields

Scanf f _f

a2 " a3 " Al
Individual AC scans

Offshell analysis with H—4l
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[ T ' T T T | ‘
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C
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HIG-18-002

5.11b" (7 TeV) + 19.7 fo™ (8 TeV) + 80.2 fb™ (13 TeV)

100
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—~ s —~ 4 | --- Expected ]
< e gt 1
7 = =
o) o) i
= :} S o2 130 :} i
° = T B SMENEERI LY S T R 2
-0.02 03 &
-0.4 Al el - Dl
-0.04 ; RN o S A SR S
e < I 4 6 8 10 12 14
0 2 4 6 8 10 12 14 16 i T, (MeV)
I, (MeV) I, (VMev) I
Savvas Kyriacou IRN 17



Conclusions =\l

* Probing the Higgs anomalous Technically challenging analyses:

gouplings is of paramount Full simulation of all phenomena studied
importance for the LHC Exploit all available experimental information
experiments from decay and production

. CMS investigates anomalous Statistical tools allow simultaneous multi AC

Higgs coupling parameter scans
measurements in multiple
P Effective field theory

final states c . .
Interpretation in terms of Lagrangian couplings
Combined results across different final states

Channels Coupling Observed Expected Observed correlation
0.0025 0.0007
egH Coe 0.0056" 1030 0.0084 0007 1
Cog —0.005870-003,  0.000070-50% +0.980 1
U K 106014 L0033 1
R 0.001575 0.001280 0000 1
; 0.23 0.26
(6H + ggH K 0761023 1001026 1
k¢ —0.211025 0.00 £0.37 +0.745 1
dc. —0.2570:27 0.00T510 1
.0 —0.03190 0.00006 —0.186 —0.847 1
C.. —0.11+03Y 0.0070%%  +0.077  —0.016 +0.009 1
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ttH event display ~ QU

CMS Experiment at LHC, CERN

Data recorded: Wed May 23 21:03:32 2018 CEST
Run/Event: 316766 / 2911811990

Lumi section: 2092

Orbit/Crossing: 548313212 / 2608
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Summary of HVV/Hff results

/
&

N

Parameter Scenario Observed Expected
Approach 1 best fit  0.00000 0.00000
fa2 =fa1 =f{{ =0 68%CL [-0.00017,0.00017] [—0.00081, 0.00081]
‘ 95% CL [—0,00]0, 0,0038] U [0,01, 0,24] [—0,0056, 0,0056]
" Approach 1 best fit +0.010 0.00000
o= float f,»,f, \11%3 68% CL  [—0.042,0.034] —0.00088, 0.00088]
\ 95% CL  [—0.20,0.20] —0.0057,0.0057
Approach 2 best fit  0.00005 0.0000
float f 5, fa1 68% CL  [—0.00013, 0.00066] —0.0012,0.0012
95% CL —0.0010, 0,0028] U [0, 024, 0. 092] —0.0074, 0.0074
Approach 1 best fit  0.00000 0.0000
fa=fa1 =fi7 =0 68%CL  [—0.00031,0.00098] —0.0012,0.0013
‘ 95% CL  [—0.0033, 0.0039] —0.0095, 0.0081
o Approach 1 best fit —0.29 0.0000
= ﬂoat_fﬂ,ﬁ_\l,ﬁf;’ 68% CL  [—0.50, —0.18] U [—0.00024,0.00052] [—0.0018, +-0.0013]
‘ 5 [—0.68, —0.05] U [—0.027,0.185]
95% CL U[038,0.55] [—0.0106,0.0081]
Approach 2 best fit —0.0001 0.0000
float f,3,fa1 68% CL  [—0.0024, 0.0008] [—0.0053, 0.0033]
95% CL  [—0.0209, 0.0133] [—0.0869,0.0055]
Approach 1 best fit  0.00000 0.00000
fus=fo=fid =0 68%CL  [—0.00009,0.00022] [—0.00016, 0.00025]
‘ 95% CL  [-0.00036,0.00110] U [0.002, 0.135] [—0.00081,0.00112]
— Approach 1 best fit 0.13 0.00000
< -
Y float _fa3,_fﬂg,_ff1r 68% CL [—0,00012, 0,00015] U [0,02, 0,24] [—0,00017, 0,00036]
‘ 95% CL  [-0.16, —0.01] U [—0.0056, 0.3423] [—0.00089, 0.00144]
Approach 2 best fit  0.00019 0.0000
float f,z,f. 68% CL  [—0.00017,0.00168] [—0.0012, 0.0029)]
95% CL  [—0.0019, 0.0055] U [0.10,0.29] [—0.0060, 0.0103]
Approach 1 best fit  —0.0004 0.0000
| fuz=f2=fa1=0 68%CL [—0.0010,0.0014] [—0.0026, 0.0020]
P 95% CL  [—0.0063, 0.0060] U [0.05,0.21] [—0.0102,0.0091]
e Approach 1 best fit —0.06 0.0000
| float fu3,fa2 fa1  68%CL  [—0.18,—0.02] U [—0.00049,0.00058]  [—0.0026,0.0025]
95% CL  [—0.53,0.52)] [—0.011,0.011]
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Hgg/Hff results

Parameter Scenario Observed Expected
ttH (H — 4¢) +1¥2[-1,1] 0+1[-1,1]

ttH (H — 77) [26] 0.00 £ 0.33 [—0.67,0.67]  0.00 £ 0.49 [—0.82,0. 82]

Hit ttH (H — 44 & v7) 0.00 £ 0.31 [—0.67, 0. 67] 0.00 +0.48 [—0.82,0. 82]
fep ggH (H — 4/) —0.321031 [—1,1] 0+1[-1,1]
ggH & ttH (H — 44) —0.5019% [—1 0.00 £ 0.65 [—1,1]

)

ggH & ttH (H — 44 & )

]
~0.13191% [—0.61,0.43]

0.24 0.00 £0.29 [—0.63,0. 63

Savvas Kyriacou

IRN

23



H—4l off-shell

anomalous couplings :
- increase the number of off-shell events

,CMS simuiation 19.7 o (8 TeV) + 5.1 fb™! (7 TeV) — 5.1 b (7‘T9y) + 1’9-7‘“": (8 TeV) £ 802 ™ (1|3 TeV)
>10?||||w‘ww|||wwww||||w‘w|w||wwwwr§ : :
© [ [rerf =1 ElsMoal ] 2o CMS Supplementary E
% SR pi f =1 [ SMbkg. 1 = — Observed (T, unconstrained) .
8 102 [ 0= f =1 gg—4f E i --- Expected (I'y; unconstrained) ]
- F Ha) = E — Observed (T =T'SM)
R T e ] - W R i
12 - HT O H 7 o ] 15 --- Expected ([,=3")
qC; 10 = | — Observed (only on-shell)
> ] £ --- Expected (only on-shell
L
] <
10p
1 E C}l
10" 5
- S I P P, I Ll
200 300 400 500 600 7’0(0G ﬁ;);) 0 0.04 20.02 0 0.02 0.04
m e
4 f 3 COS(0,,)
5117 (7 Tev) + 19.7 b7 (8 TeV) + 80.2 fb (13 TeV) 5.1 (7 Tev) + 19.7 fb™' (8 TeV) + 80.2 fb™! (13 TeV) e ‘5,‘1 ‘fb'w (7‘ Tev) +‘19,‘7 ‘fb‘"‘(i‘% TeV) |+ 80.2 le"1 (1‘3‘ T‘e‘\/)
L I O e O Y L B ) I B 15 e e i, [ e s [P ) i [ [ | T TTTEFTTETT {5 R O O o O
15 -
o[ CMs 1 50 CMS ] ~ CMS ]
 — Observed (', unconstrained) E — Observed (', unconstrained) 8 | — Observed (I, unconstrained) 7
[ --- Expected (T'; unconstrained) ] r --- Expected (I, unconstrained) . | --- Expected (I',, unconstrained)
[ — Observed ([=I'S" ] - — Observed (I=T'7") 1 | — Observed (Fy=T3") A
15 --- Expected (T,=T5") F ---Expected (T,=T3") R 1ol ==~ Expected (Cy=T3M Al
| i i ISR il
£ L i = £
NIRRT 4 B <
1 1 o o
i j 10
°C L el
________ A _esxcl_ ] [i=ie= s\
0 . OT.—%/&F—L.—‘T.—‘—J femrTT e e e | | | J | | |
004 AO'OZf Coos(q) )0'02 004 -004 002 0 002 004 %2 015 01 —0.06 0 005 0.1 015
a3 a3 faz cOS(0,) f\1€OS(0,,)
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