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Higgs production processes at the LHC
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Higgs decays & signal strength (SS)
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Simplified Template Cross Section (STXS)

STXS data is available from
Run 2:
» Better control on errors
and their correlation

» Separate bins for new
physics searches

» Binning evolves in
stages: stage 0, 1.0, 1.1,
1.2,

SS

STXS

Production bin ‘

Cross-section (o - B) [pb]

(o -B)/( - B)sm

SM expected Observed Observed
( Production Mode Stage bins, |yy| < 2.5 )
oeF 117008 112£0.12£0.04£0.03 | 0.960.10 +0.03 + 0.03
VBF 0.0920£0.0020  0.11£0.04 £0.01 +0.01 1214 0.4 1003 +007
vit 00SGNT 007SIE GOt | Laanyl g 0
\_1H 0.0154°00010 0.026°0:0% + 0.002 + 0.002 1751740202 )
( Reduced Stage-1.1 bins, [yy| < 2.5 )
2g2H-0j-p-Low | 0.176 +0.025 0.17 £0.05 +0.02 0.96 030 +0.09
2g2H-0j-p}{ -High | 0.55+0.04 0.63 +0.09 +0.06 L15£0.17 +0.11
2g2H-1j-p{-Low | 0.172+0.025 0.05+0.07 0% 03204102
2@2H-1j-pi-Med | 0.119£0.018 0.17 £ 0.05 *90% 14404+0.1
2e2H-1j-p! -High | ~ 0.020 £ 0.004 0.009*0:01¢ +0.002 05408 +0.1
2g2H-2) 0.127 +0.027 0.04 +0.07 +0.04 03£0.5+0.3
222H-p¥!-High 0.015 £ 0.004 0.038+0-021 +0.003 2545402
aq2Hqg-VH 0.013825550 00212553 5006 153158
qq2Hqq-VBF 0.1076°0:0024 0.15 +0.05 *0:0? 14£05%02
qq2Hqg-BSM 0.00420 = 0.00018  0.0005*0.%972 +0.008 0111902
VH-Lep 0.0164 + 0.0004 0.022::03% 0008 13417402
L 0015440 0.02519126 0008 167193

Credit: ATLAS HIGG-2018-28



Lilith

Lilitf
Light Likelihood Fit for the Higgs'-?

» A python package for constraining Higgs-coupling
parameters of a BSM model (Kappa, SMEFT, 2HDM, ...).

» Current database: SS from publications of ATLAS, CMS,
Tevatron.

» Statistical method: maximal likelihood using variable
Gaussian distributions.
» On-going work:
» Extended the database to include STXS data.
» Include correlations of theoretical errors.
» Implement SMEFT parametrizations.

1Bx—)rnon and Dumont Eur. Phys. J. C 75 (2015) 440. [Lilith-1.1]
28. Kraml, T.Q. Loc, D.T. Nhung, and L.D. Ninh SciPost Phys. 7 (2019) 052. [Lilith-2.0]




Results using SS data
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STXS data

Value Uncertainty [pb SM prediction
Measurement region (o7 x Bzz)/B3Y) v 0] P
[pb]  Total Stat. Syst. [pb]

g8 — H, O-jet 355 o 275+ 1.8
gg = H. et pl < 60 GeV 3.7 34 M 6.6+0.9
88 = H, 15,60 < pif < 120 Gev 4.0 s 4606
88 = H, 15et,120 < pif < 200 GeV 10 05 03 | 0752015
2¢ — H, > et pt > 200 GeV 12 £04 03 0.59 +0.16
2¢ — H, > 2-jet, pff <200 GeV 54 M T 48+1.0
9q — Hgq. VBF topo + Rest 64 Ttk | 4072000
49 — Haqq, VH topo -0.06 o8t | 051540019
49 = Hqq, py > 200 GeV -0.21 0%t | 0220£0.005
qq — Hev, py < 250 GeV 0.90 04 103 0.39320.009
aq — Hev, pY > 250 GeV 0.023 L9018 9021 0.0122 £0.0006
88/qq — HUE pY < 150 GeV 0.17 £020 2013 | 0.200+0.008
28/qq — HIL, 150 < pY <250GeV | 0.028 TO0 093] 0.032440.0041
88/99 — HUL pY > 250 GeV 0.024 SO0+ 00201 0.0083 +0.0009
fiH+H 0.84 c018 +om | 059400

N . N Uncertainty e
Branching fraction ratio Value SM prediction

Total Stat. Syst.

Byy/Bzz 0.074 001 £000 2 000¢] 0.0860 +0.0010
By5/Bzz 4 3 3 se 220+0.5
Bww/Bzz 70 1tk e 815+ <0.01
Bee/Bzz 21 207 =05 0% | 237+002

Source: ATLAS HIGG-2018-57



STXS data

Value Uncertainty [pb) SM prediction L k | h d .
Measurement region (o7 X Bzz)/B3Y) y [pb] p IKellnooda:
[pb]  Total Stat. Syst. [pb]
g8 — H. O-jet 355 sad 27.5+1.8 R T o1 /.
g8 — H. et pt < 60 GeV 37 124 6.6+0.9 —210gL = (ac—ac) -C -(CL’—.T),
88 = H. 1-et,60 < p¥f < 120 GeV 4.0 s 4606
88 = H. 14,120 < pif < 200 GeV 1.0 £0.5 0.75 £0.15
88— H, > et pl! > 200 Gev 12 04 0.590.16 where:
2¢ — H, > 2-jet, pff <200 GeV 54 37 48+1.0
: p »
9q — Hqq. VBF topo + Rest 6.4 3 4.07£0.09 > 3P = (Ui x By )exp
qq — Hqq. VH topo —-0.06 +0.68 0.515+0.019 d
o [best fits],
qq = Hqq. p} > 200 GeV -021 s 0.220 £ 0.005
qq = Hev, pY <250 GeV 0.90 s04 0.393 £ 0.009 > P — NY % (O,p % BY)SM
qq — Hev, p > 250 GeV 0.023 204018 0.0122 +0.0006 g T
8g/aq — HLE pY < 150 GeV 0.17 £0.20 0.200 + 0.008 [model predlctlon],
88/gq — HLE 150 < pY <250GevV | 0.028 SO0+ 0020 0.0324 +0.0041 >
28/qq = HIL, pY =250 GeV 0.024 s 201 0.0083 +0.0009 C= Cex + Cth
(TH+H 0.84 S0 0.59 * 004 [covariance].
N N Uncertainty e
Branching fraction ratio Value SM prediction
Total Stat. Syst. .
T 00 IS 4u Ciu 00000010 Covariances:
Byy/Bzz 4 3 3 se 22005
Bww/Bzz 70 1tk e 815+ <0.01
Brr/Bzz 21 197 z05 03 237 £0.02
Cex = Zex - Pex * Vex,
rce: ATLAS HIGG-2018-57 = . .
Source S HIGG-2018-5 Cth = Zth * pth - Zth



Experiment and theory correlations

correlation of exp. errors
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correlation of theoretical errors (ggF)
corr2017, 9 uncertainty sources
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» ATLAS and CMS dont provide the theoretical correlations

wi

th their papers.

» It's not easy, if not impossible, for theorists to calculate
them.



STXS vs. SS

Lilith 2.2 - ATLAS HIGG-2018-57
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» STXS data gives better results than SS data, as expected!



Theoretical correlations (ggF only)

©oIT2017, 9 uncertainty sources

cortIVE, 7 uncertainty sources
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Need also corr. between ggF and VBF, ttH, ...



Effects of theoretical correlations (ggF only)

Lilith 2.2 - ATLAS HIGG-2020-16

Lilith 2.2 - ATLAS HIGG-2020-16

Lilith 2.2 - ATLAS HIGG-2020-16
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Discrepancies due to missing theoretical correlations? Need help from exp

colleagues!



Variable Gaussian vs. Gaussian

Likelihood
Lilith 2.2 - ATLAS HIGG-2018-57 Lilith 2.2 - ATLAS HIGG-2018-57
E Exp. input type = STXS E Exp. input type = STXS
141 14F 4 - T -1 P
e . o e oo —2logL = (& —x) - C"" - (& —x)
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E E SR frd . .
12F / b \ C > P E,
G1if y Grif F 5 E:diag(al,ag,...)
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> Variable Gaussian is better for asymmetric errors !



SMEFT
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SMEFT fit results

cHG
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Lilith application: 1/A* effects

Lilith-2.2, data from ATLAS HIGG-2018-28
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Large 1/A* effects !
— need D8 operators.
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Summary

» Lilith: a python tool to use ATLAS and CMS Higgs SS and STXS data to
constrain Higgs-coupling parameters.
» Information on the correlation of SM errors between different processes
is still lacking.
» SMEFT: Parametrizations are crucial. ATLAS and CMS, please provide
this information in your papers. We need this to validate our results.
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