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Motivation

© Lison Bernet

" PAR cERTAINS ASPECTS, ELLE
RESSEMBLE FORTEMENT AU
Bison pE Hices PREpIT

e The LHC runs at 8 and 13 TeV have led to a wealth of experimental
results on the 125 GeV Higgs boson.

* |Increasingly precise picture of the various Higgs production & decay
processes, and consegquently of the Higgs couplings to the SM gauge
bosons and (3rd generation) fermions.

e BSM theories typically predict deviations from the SM expectations

(mixing effects in enlarged Higgs sectors, loop contributions from new particles,

higher-order EFT effects, new decay modes, ....).

 [he Higgs data therefore provide strong constraints and have
become a major guideline for BSM theories.
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Bernon, Dumont, arXiv:1502.04138
SK, Loc, Nhung, Ninh, arXiv:1908.03952

e Lilith is a light and easy-to-use Python tool for LHG Run T = Thancert,
constraining new physics from signal strength L :
measurements of the 125 GeV Higgs boson. = :L

0 77| e

e The Higgs likelihood is evaluated from the user input, T -
given in XML format in terms of reduced couplings < wgi :}
or signal strengths. i g

L WW !
N Tt | '

e Based on experimental results from ATLAS and CMS oo -~

stored in an easily extensible XML database. L Wi 3
b e

-6 4 -2 0 2 4 6 8 10
G - B norm. to SM prediction

https://github.com/sabinekraml/Lilith-2
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- Light Likelihood fit for the Higgs

e Lilith is a light and easy-to-use Python tool for
constraining new physics from signal strength
measurements of the 125 GeV Higgs boson.

¢ T

9
0

ne Higgs likelihood is evaluated from the user input,
iven in XML format in terms of reduced couplings
r sighal strengths.

e Based on experimental results from ATLAS and CMS
stored in an easily extensible XML database.
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Features of Lilith-2 :

 Use of variable Gaussian and generalized Poisson
ikelihoods for a better treatment of asymmetric
uncertainties.

 Use of N-dim correlation matrices for ordinary
and variable Gaussian likelihoods.

e Database 19.09 contains the published ATLAS and
CMS Run 2 results for 36/fb as of Sep 2019.

 Update for full Run-2 luminosity results in progress.

https://githulb.com/sabinekraml/Lilith-2
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Signal strength framework

decay mode: Y € (yy, ZZ5, WW?*, bb, rz,...)

c(X)BR(H —Y)

p(X,Y) =
| oSM(X)BR*™(H — Y)
production mode: X € (ggH, VIBF, 2H, WH, ttH, ... Crioided rom the expermental categories

The likelihood in terms of u(X, Y) allows for reinterpretation of the results in models where the
signal acceptances for the (X, Y) are to good approximation the same as in the SM:

> SM tensor structure

* NO new production modes
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Signal strength framework

.. In this case, new physics results only in the scaling of SM Higgs processes

u(X,Y) =

L =g

In addition, we define the loop-induced couplings Cg and C, of the Higgs to gluons and photons.
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c(X)BR(H — Y)

CxCy

Cme W'u Wlu _I_ CZ

oSM(X)BR™(H - Y)

mz

cos Oy

Z"7, —ZCmef ff

Belanger, Dumont, Ellwanger, Gunion, SK, arXiv:1212.5244,
equivalent to x framework of HXSWG, arXiv:1307.1347.

Constraining new physics from Higgs measurements with Lilith-2

~ 3, C2BRM(H V)

'he factors Cx.and Cy.can be identified to (or derived from) “reduced couplings” appearing
N an effective Lagrangian:
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Types of results used
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Best fit u2° for m,=125 GeV
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Likellhood calculation

following R. Barlow, physics/0406120
see arXiv:1908.03952 for details

e Variable Gaussian

| (10— f1)?
1-dim: log L(u) = x
R (07 =07 ) (1 — i)
- 60 -
' . ~\NTyr—1 A~ 8 50 -
n-dim: log L(p) = (u— )" V™" (p — i) 1=
\ S«
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S
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e Generalized Poisson
T-dim: log L(p) = —vy(p — f1) + vlog[l + v (u — fi)]
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1+ ot ’ 2(yoT —log(1l 4+ ~oT))

p(VBF, WW) = 1.0410 38

u from ATLAS-CONF-2020-045

*  Observed
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* |Interpolated data grid

+ 2-dim implementation
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ATLAS Run-2 36/fb results in DB 19.09
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CMS Run-2 36/fb results in DB 19.09
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Paper ID’s: CMS-HIG-yy-nnn
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Validation examples - CMS combination

35.9 fb' (13 TeV)
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Validation examples - ATLAS H—//"—4|

Aux.Fig. 7b
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Constraints on couplings - status Sep. 2019
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Constraints on couplings - status Sep. 2019
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Constraints on couplings - status Sep. 2019
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Constraints on

couplings - status Sep. 2019

tanp

S. Kraml, 5 Nov 2020

10°

10°

10!

Lilith-2.0, DB 19.09

2HDM Type-I

-0.6 -04 -0.2 0.0
cos(f—a)

full contours: Run 2

0.2

0.4

0.6

dashed contours: Run1 + Run?

tanp

10°

10°

10!

Lilith-2.0, DB 19.09

||||||_|I\IIII|||||||||||||I||||I||||
\
A

2HDM Type-Ii

-0.1 0.0 0.1 0.2 03 04 05 0.6

cos(f—a)

Constraining new physics from Higgs measurements with Lilith-2

14



Ongoing developments

o T
p

h

-/

e code has recently been translated from Python 2 to Python 3 (M1 internship of Marius Bertrand)

blic release of new Python 3 version to come soor

e \We are heavily working on a database update for full Run 2 luminosity (~140/fb) results;
not at all straightforward .... often no validation material, or other problems

big effort by
Tran Quang Loc

v L2 WW TT bb U inv.
ATLAS QSQ?)IEG HIGG-2018- CONF-2020 HIGG-2018- HIGG-2019-
2019-004 28 -045 51 14
PAS-19-015
CMS  i6-19-013 PAS-19-010 HIG-19-006

combination

CONF-2020
-027

HIG-19-005

Issues with validation, no validation material, looks ok
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Ongoing developments

* [he code has recently been translated from Python 2 to Python 3 (M1 internship of Marius Bertrand)
public release of new Python 3 version to come soor

e \We are heavily working on a database update for full Run 2 luminosity (~140/fb) results;

not at all straightforward .... often no validation material, or other problems big effort by

Tran Quang Loc
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Treatment of

SM uncertainties??
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- Light Likelihood fit for the Higgs

e |ight and easy-to-use Python tool for constraining new physics
from signal strength measurements of the 125 GeV Higgs boson.

e v2.0 features a better treatment of asymmetric uncertainties
and correlations: variable Gaussian and generalized Poisson
likelihoods; use of N-dim correlation matrices (for v.Gauss.).

e Database 19.09 contains the published ATLAS and CMS Run 2
results for 36/fb as of Sep 2019.

e Currently Python 2, beta version for Python 3 /" Tfauscreer N\ _3

/ davantage de passerelles
.' entreé théoriciens i
. etexperimentateurs.  /

 Update for full Run-2 luminosity results in progress.

https://github.com/sabinekraml/Lilith-2

S. Kraml, 5 Nov 2020 Constraining new physics from Higgs measurements with Lilith-2 17


https://github.com/sabinekraml/Lilith-2
https://github.com/sabinekraml/Lilith-2
https://www.lisonbernet.com/
https://www.lisonbernet.com/
http://www.lhc-france.fr/spip.php?article895

BACKUP


https://www.lisonbernet.com/
https://www.lisonbernet.com/

Production mode results
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D. Mungo (U. of Milan & INFN MI) Higgs combination: u, <, STXS, MSSM 28 October 2020 5/17

ATLAS measures o; while CMS measures signal strength u;

m difference in the treatment of theoretical uncertainties
» in the first case, factorize out theory uncertainty on cross-section and include in SM

prediction 35.9-137 b (13 TeV)
e Observed
| | 1 1 | L | L | 1 1 | L | I 1 | | | I 1 | I 1 | L C MS — i-I(). (Stat @ SySt)
ATLAS Preliminary  —e—iTota Stat. EISyst. | su - o
Vs=13TeV, 24.5- 139 fb™ Prellmlnary ;20 (stat @ syst)
m, = 125.09 GeV, ly | <25 b, = 54%

P, = 86% Best-fit Stat Syst

Total Stat. Syst. B

+0.09 +0.05 +0.08
1 '04—0.09 -0.05 -0.07

ggF H=—H 1.00 +007( +005, +0.05) ggH

VBF h———— 1.15 f8'}3( +0.13 , f8'1§) — 4019  +0.16  +0.10
' ' MVBF — 0.75517 045  _oos

, , I +0.23 +0.17 +0.15 |
WH f— ® m— 1.20 0% ( ‘o165 _o14)

+0.37 +0.29 +0.22
1 '46—0.35 -0.28 -0.21

ZH = 0.98 022 ( +ots, T013)

ttH+tH — ® — 110 220 ( o oy 4031 4026  +0.17
I 020 015 013 MZH 0'98—0.30 025 -0.16

06 08 1 12 14 16 1.8 2 22 24 26 B o o o
Cross-section normalized to SM value i -— 19020 013 015

ATLAS: significance > 50 for all production modes Parameter value

Very good agreement with SM, both pgyy > 50%
Started becoming systematic dominated, ggH precision ~ theory uncertainty




Recommendations from the Reinterpretation Forum arXiv:2003.07868

The signal strength framework remains of high interest because of its power and ease of use in constraining
new physics [...]. We encourage the experimental collaborations to continue to provide detailed Higgs
signal strength multiplier results (“p values”) in addition to STXS and differential fiducial cross-sections.

For optimal usefulness, we would appreciate:

* best-fit u’s and uncertainties for the experimental reconstructed event categories and for the pure, unfolded
Higgs productionxdecay modes (allowing for negative p values in order to have an unbiased estimator);

 channel-by-channel correlation or covariance matrices, separately for experimental and theoretical
uncertainties, as well as for the total (combined) uncertainties;

* reference values (normalisation) of the corresponding SM predictions, or a clear reference where these values
can be found, in the same binning as the experimental results;

e signal efficiencies per signal channel (i.e. each productionxdecay mode), assuming SM Higgs kinematics;
for combinations of production and/or decay modes, their relative contributions wherever possible.
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