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ATLAS

EXPERIMENT

H4¢ and Hyy differential cross-sections

H4/¢: paper accepted in EPJC, arXiv:2004.03969.
-inal Run-2 result!

HYY ATLAS-CONF-2019-029 (preliminary).
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https://arxiv.org/abs/2004.03969
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-029/

Welcome to the HIgQgs precision measurements eral

Measurements
Fiducial cross-sections Simplitied Template Cross-Sections (STXS)
 |Largely model-independent.  Reduce theory systematics, more model-dependent.
* Jargets decay side. * Jargets production side.
 Combination needs extrapolation. « Common to all decay channels: easy to combine.

 Easy interpretation: isolate BSM regions.

[ [
[ =0-jet | = 1-jet
Py

Interpretations: BSM physics?

b -9 Model-dependency

Pseudo-observables K-framework
Effective Field Theory
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Overview of analyses
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Fully reconstructed final state! Good precision! | * Fully reconstructed final state! Good precision!

4 low-pT isolated leptons (electrons / muons)  Two isolated photons.

Main background: qgq—ZZ continuum, * Main background: yy continuum,
shape from MC, norm. from data sideband. estimated from data sideband.

BR ~0.0124%, S/B ~ 2. * BR~0.2%, S/B<0.1.
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Differential cross-section measurements

Input distribution
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Differential cross-section measurements
Input distribution > Unfold
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Differential cross-section measurements
Input distribution > Unfold > Fiducial XS
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Then provide higher-level interpretations.
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H4¢ & Hyy differential XS: observables

6 observables (preliminary)

20 observables

* pT(4£)! Yae, * pT(VV)’ Yvy.

* ITh2, Ma4,
* 5 final-state angular variables.

° Njets,

* pr(j1),
* dijet invariant mass, angular separation (¢, n).

° Njets, N b-jets,

*  pr(j1), pr(j2),
* dijet invariant mass, angular separation (¢, n).

e prand invariant mass.

e 8 double differential observables.
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HA4¢ & Hyy differential XS: examples
l
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H4¢ & Hyy differential XS: examples

Niets: Sensitive to production mode composition
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H4¢ & Hyy differential XS: probing Higgs-charm Yukawa (Kc)
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H47¢: [-7.5, 9.3] Kc @ 95% CL Hyy: [-19, 24] (shape only)
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H4¢ differential XS: Pseudo-Observable interpretation
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good SM compatibility
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Hyy differential Xs: EFT interpretation

Interpretation in SILH/SMEFT basis.
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ATLAS

EXPERIMENT

H4/ mass measurement

First Higgs mass measurement using full Run-2 data!

ATLAS-CONF-2020-005 (preliminary)

Antoine Laudrain (JGU-Mainz) Higgs differential XS and mass measurement in ATLAS ICHEP 2020 - 30/07/2020 12
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Key elements of the H4¢ mass analysis

* Inmass region 115-130 GeV : 314 events observed >
with S:B ratio = 2:1 (316 expected). 0 160

* Recovering FSR: 4% of events
— Improves resolution by 1%.

 Leading Z mass constraint — 17% improvement.

N
o
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7. Uncertainty
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160
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Key elements of the H4¢ mass analysis

* |In mass region 115-130 GeV : 314 events observed
with S:B ratio = 2:1 (316 expected).

* Recovering FSR: 4% of events
— Improves resolution by 1%.

 Leading Z mass constraint — 17% improvement.
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7/ Uncertainty
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- e Signal purity enhanced with BDT:

’
BDT

| | | | | | |
- ATLAS Preliminary

® Data ]

| H N ZZ* N 4| Higgs (125 GeV) i
__ 1 B z(z) ]
- Vs=13TeV, 139 fb XX, VW :
B Z+jets, tt ]

Z 7, Uncertainty 7]

140

160
m,, [GeV]

.+ Discriminate Higgs signal vs ZZ* continuum.
: 4 BDT bins — 2% improvement.
* Jotal 16 analysis categories: 4 BDT bins x 4 final states.
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Signal modelling: double-sided Crystal-Ball.
* Per-event resolution = 2% improvement.
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Key elements of the H4¢ mass analysis
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Lepton resolution = ma, resolution not straiglr

Use NN to predict ms, resolution based on
kinematics and uncertainties.
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H4¢ mass measurement result & comparisons

Thls measurement ATLAS Pre“mlnary —#— QObserved: Stat+Sys
¢ ‘ H— 27" — 4l y [m] Observed: Sys-Only
mH = 124.92 + 0.21 (£0.19 stat +0.08 sys) | fs=1aTev, 130 oo
'+ (Good compatibility between channels. 4 cod 12480 02 (Stat) " (sys)
i Largely statistically dominated. | e » 124.95 73 (Stat) 7% (Sys)
e S 2u2e Eu 125.34 7 (Stat.) 7 (Sys.)
de ST 124.59 )7 (Stat.) > (Sys.)
Combined —El—:I— 124.92 * " (Stat) +009 o (SYS)
124 125 126 127
m, [GeV]

Systematic Uncertainty Impact (GeV)

Muon momentum scale +0.08,—-0.06

Electron energy scale +0.02
Muon momentum resolution +0.01
Muon sagitta bias correction +0.01
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H4¢ mass measurement result & comparisons

‘- ‘This measurement: ATLASPreliminary . onned: suvsys
¢ ‘ H— 27" — 4'_ 1 [m] Observed: Sys-Only
mH = 124.92 + 0.21 (£0.19 stat +0.08 sys)| | fo=13Tev, 130 e
. » (Good compatibility between channels. 4 = 12680 5 (Stat) 3.7 (Sye)
, . Large\y statlstlcally domlnated | e 2 124.95 %2 (stat) % (sys)
1 2u2e Eu] 125.34 7 (Stat.) 7 (Sys.)
;j: Prewous ATLAS result PLB 784 ( 2018) 345 | i .
. Hyy + H4¢ (Run1 + Run2 @ 36/fb): {% T — S B 0 B9
mH = 124 97 O 24 G.eV compmed) - - . 12052 (S gy (S1%)
o ttsemeocssns] 124 125 126 107
m, [GeV]

Systematic Uncertainty Impact (GeV)

Muon momentum scale +0.08,—-0.06

Electron energy scale +0.02
Muon momentum resolution +0.01
Muon sagitta bias correction +0.01
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H4¢ mass measurement result & comparisons

‘. Thls measurement ATLAS Prellmlnary —#— Observed: Stat+Sys
~ H— 22" — 4 1 [m] Observed: Sys-Only
MH = 124.92 + 0.21 (£0.19 stat +0.08 sys)| | fo=13TeV, 13010 e

. » (Good compatibility between channels. 4 = 12680 5 (Stat) 3.7 (Sye)

, . Large\y statlstlcally dommated ‘ 262y » 124.95 122 (Stat) % (Sys)

1 2u2e Eu] 125.34 7 (Stat.) 7 (Sys.)

;;: Prewous ATLAS result PLB 784 ( 201 8) 345 | i .

. Hyy + H4¢ (Run1 + Run2 @ 36/fb): {% N — B B
mH = 124 97 O 24 GeV e T 12052 (S gy (S1%)

o ———————T——t —- I 124 125 126 1207

- ] m,, [GeV]

Comparable CMS result: JHEP 11 (2017) 047 |

L H4¢ (36/ fb) Systematic Uncertainty Impact (GeV)

Electron energy scale +0.02

mH = 125 26 021 GeV
+0.01

= Muon momentum resolution +0.
AH results COITI anb\e' Muon sagitta bias correction +0.01
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Conclusion

H4-¢ final Run-2 result:

e |Ofig = 3.28 + 0.30 (stat) + 0.11 (syst) tb.

10% e SM: oiig = 63.6 + 3.3 fb.
JECEIRD] o Best Hyy up to now.
ekl EG Inclusive XS: now systematics-dominated.

e SM: o5g = 3.41 £ 0.18 1b.

 Improves last result by 40%.

o Statistically dominated.

Kec @ 95% CL: [-7.5, 9.3]. e Kc@95% CL: [-19, 24] (sr
Interpretation with pseudo-observables. * Interpretation with EFT (S

ape only).
LH/SMEFT).

No significant deviation, well compatible with Standard Model.
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Conclusion

Differential cross-sections

« HA4¢ final Run-2 result:  Hyy using all Run-2 data:
e |Ofig = 3.28 + 0.30 (stat) + 0.11 (syst) tb. * |Orig = 65.2 £4.5 (stat) £ 5.6 (syst) = 0.3 (theo) fb.
e SM: Ofig = 3.41 = 0.18 1b. oA © SM: ofig = 63.6 = 3.3 fb.
 Improves last result by 40%.  Best Hyy up to now.
e Statistically dominated. ket 552 Inclusive XS: now systematics-dominated.
¢ Kc@95% CL: [-7.5, 9.3]. e Kc@95% CL: [-19, 24] (shape only).

* Interpretation with pseudo-observables. * [nterpretation with EFT (SILH/SMEFT).

No significant deviation, well compatible with Standard Model.

Higgs mass measurement in H4¢ channel

* First Higgs mass measurement using full Run-2 dataset: mH = 124.92 + 0.21 (0.19 stat)

* 15% better than previous ATLAS measurement & same precision as CMS H47 (but with more data).

« Compatible with previous measurements.
Antoine Laudrain (JGU-Mainz) Higgs differential XS and mass measurement in ATLAS ICHEP 2020 - 30/07/2020 16




Thank yow for your attention

Stay tuned: other ATLAS SM single Higgs talks @ ICHEP !!

Higgs — bosons: I
" ot Ml
* Differential cross-sections in H4¢ and Hyy. ||\|| ||\|\

* Mass measurement in H47¢.
* Production couplings and STXS: see Liza Mijovic’s in a few minutes.

Higgs — fermions:
* H-—+bb/H-—cc: see Marco Battaglia’s talk yesterday:.

e H-1T: see Christian Grefe's talk in a few minutes.

e {tH: see Jelena Jovicevic’s talk after the break.

Higgs combination: see Matthew Klein's talk after the break.

h\lhl“"'””\llm‘“”

ATLAS

EXPERIMENT
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A few more differential XS results
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A few more differential XS results
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A few more differential XS results
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A few more differential XS results
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A few more differential XS results
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A few more differential XS results
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few more differential XS results
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few more differential XS results
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A few more differential XS results
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Hyy differential XS: data/MC compatibility

L. ) with
Distribution Defaulzz(f\il()] Prediction
p 44%
Yy 687
p 7%
]Vjets 96%
Ab,. 82%
m;; 75%
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Kp and Kg results
N A4 and Hyy

30



Kb VS Ke iﬂ H4'€
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. . 40 k., = —1.1 —11.7, 10.5

Modifications to onl shape : :

y br SUab Ky = 0.28 —3.21, 4.50

. . . . k. = 0.66 —7.46, 9.27]

Modifications to redictions : :

T b Ky = 0.55 —1.82, 3.34
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Kb VS K¢ IN HYY
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H4¢ differential cross-sections
and Interpretations
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H4¢ phase space definition: analysis

Leptons and jets

Muons pr > 5 GeV, |n| < 2.7
Electrons Er > 7 GeV, |n| < 2.47
Jets pr > 30 GeV, |n| < 4.5
Lepton selection and pairing
Lepton kinematics pr > 20,15,10 GeV
Leading pair (mqs) SFOC lepton pair with smallest |m, — my,|
Subleading pair (masy) Remaining SFOC lepton pair with smallest |m, — my/|
Event selection (at most one Higgs boson candidate per channel)
Mass requirements 50 GeV< myy < 106 GeV  and Mypresholg < Maq < 115 GeV
Lepton separation: AR((;,¢;) > 0.1
Lepton/Jet separation AR(u;(e;),jet) > 0.1(0.2)
J /1 veto m(;,£;) > 5 GeV for all SFOC lepton pairs
Impact parameter ldy|/o(dy) ; 5 (3) for electrons (muons)
Mass window 105 GeV < my, < 160 GeV
Vertex selection: X° /Nyt 1 6 (9) for 44 (other channels)

(-

If extra lepton with pp > 12 GeV  Quadruplet with largest matrix element (ME) value
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H4¢ phase space definition: fiducial

Leptons and jets

Leptons pr > 5 GeV, |n| < 2.7
Jets pr > 30 GeV, |y| < 4.4
Lepton selection and pairing
Lepton kinematics pr > 20,15,10 GeV
Leading pair (mq,) SFOC lepton pair with smallest |m, — my,|
Subleading pair (1m4,) remaining SFOC lepton pair with smallest |m, — my,]
Event selection (at most one quadruplet per event)
Mass requirements 50 GeV< myy < 106 GeV and 12 GeV < magy < 115 GeV
Lepton separation AR(¢;,¢;) > 0.1
Lepton/Jet separation AR(/;,jet) > 0.1
J /1 veto m(£;,£;) > 5 GeV for all SFOC lepton pairs
Mass window 105 GeV < myy < 160 GeV

If extra lepton with pr > 12 GeV  Quadruplet with largest matrix element value
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—44 systematics

Observable Stat. Syst. Dominant systematic components [%)]

unc. [%] unc. (%] Lumi. e/u Jets Other Bkg. ZZ" Th. Sig. Th. Comp.
do / dptt 20-46 2-8 1.7 1-3  1-2 <05 1-6 1-2 <1
do / dmys 12-42 3-6 1.7 23 <1 <0.5 1-2 1-2 <1
do / dmay 2082 3-12 1.7 23 <1 1-2 1-8 1-3 <1
do / d|y.] 22-81 3-6 1.7 23 <1 <0.5 1-5 1-3 <1
do / d|cos 6| 23-113 36 1.7 2-3 <1 1-2 1-7 1-3 <0.5
do / dcos 6, 23-44 36 1.7 23 <1 <0.5 1-3 1-2 <1
do / dcos 6, 22-39 3-6 1.7 23 <1 <0.5 1-3 1-3 <1
do / dé 20-29 25 1.7 23 <1 <0.5 1-3 1-2 <0.5
do / de, 22-33 3-6 1.7 23 <1 <0.5 1-2 1-3 <0.5
do / dNjes 15-37 614 1.7 13 4-10 <0.5 1-4 3-7 1-4
do / ANp_jets 15-67 6-15 1.7 13 45 1-3 1-2 3-9 1-4
do / dped 1€ 15-34 3-13 1.7 13 4-10 <05 1-2 1-5 <05
do / dpSiPread- et 11-67 522 1.7 1-3 212 <1 1-3 2-15 1-5
do / dm; 11-50 518 1.7 13 1-11 <0.5 1-3 2-15 1-2
do / dn;, 11-57 517 1.7 13 2-10 <0.5 1-2 2-14 1-4
do / dg,; 11-50 4-18 1.7 13 2.9 <0.5 1-3 2-14 1-6
do / dmgy; 15-66 4-19 1.7 1.3 39 <0.5 1-6 3-14 1-8
do / dmyy; 11-182 567 1.7 13 424 <0.5 1-5 2-35 1-9
do / dp;? 1576 6-13 1.7 13 2-8 <1 1-5 3-9 1-3
do / dpi 11-76 5-27 1.7 23 29 1-2 1-4 3-17 1-12
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—44 systematics

Observable Stat. Syst. Dominant systematic components [%]

unc. [%| unc. (%] Lumi. e/p Jets  Other Bkg. ZZ* Th. Sig. Th. Comp.
O eornih 9 3 1.7 2 <05 <05 1.0 1.5 <05
o4, 15 4 1.7 3 <05 <0.5 1.5 1.0 <0.5
O e 26 8 1.7 7 <05 <0.5 1.5 1.5 <0.5
02126 20 7 1.7 5 <05 <05 2 1.5 <05
202 15 3 1.7 2 <05 <05 1 1.5 <05
d’c / dmqy dmay 16-65 3-11 1.7 23 <1 1-2 1-9 1-3 1-2
d%o / dps dlyyy| 23-63 2-13 1.7 1-3  1-2 <1 1-6 1-5 1-2
d°0 / dp1’ dNje 23-93 4-193 1.7 2-14  2-25 1-3 1-7 1-12 1-92
d’o / dpp?) dmyy 15-41 4-12 1.7 13 28 < 0.5 1-5 29 <1
d’c / dpy dpy 15-53 3-10 1.7 1-3 28 <1 1-2 26 1-2
d’c / dpy dpie?d et 15-84 321 1.7 1-3 218 1-10 1-3 2-9 1-3
d%c / dprtd 190 glylend Je 15-38 3-11 1.7 13 29 <05 1-2 1-4 1-2
d°c / dprtd 190 gpsublead-det 15 63 522 1.7 1-3  4-15 <0.5 14 3-11 1-7
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H4-¢ inclusive fiducial and total cross-sections

¢ Data
ATLAS Syst. uncertainties
* u ggF@NSLO + XH
H— 27" — 4l v MG5 FxFx + XH
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Hyy phase space definition: fiducial

Objects Fiducial definition

Photons  |n] < 2.37 (excluding 1.37 < |n| < 1.52), 3 p%t/pl < 0.05
Jets anti-k;, R = 0.4, pp > 30 GeV, |y| <4.4
Diphoton N, >2, 105GeV <m.., <160GeV, pi/m., >0.35, pp/m.., > 0.25

Antoine Laudrain (JGU-Mainz) Higgs differential XS and mass measurement in ATLAS ICHEP 2020 - 30/07/2020 41



Hyy Inclusive fiducial XS systematics ranking

Source Uncertainty (%)
Statistics 6.9
Signal extraction syst. 7.9 * Exponential of order 1 or 2 polynomial
Photon energy scale & resolution 4.6 e Power law
Background modelling (spurious signal) 0.4 — * Bernstein polynomial of order 3 or 4
Correction factor 2.6
Pile-up modelling 2.0
Photon identification efficiency 1.2
Photon isolation efficiency 1.1
Trigger efficiency 0.5
Theoretical modelling 0.5
Photon energy scale & resolution 0.1
Luminosity 1.7
Total 11.0
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Bin-correlations in Hyy differential XS
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Ratio to SM

cE T imits In Hyy
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cE T imits In Hyy

Coefficient Observed 95% CL limit Expected 95% CL limit
c, —0.26,0.26] x 10°°  [—0.25,0.25] U [—4.7, —4.3] x 10~°
¢, —1.3,1.1] x 10* —1.1,1.1] x 10~*
SILH CHW —2.5,2.2] x 1077 —3.0,3.0] x 1077
C i —6.5,6.3] x 10”7 —7.0,7.0] x 10”7
c, —1.1,1.1] x 10* —1.0,1.2] x 10*
c, —2.8,4.3] x 10~ * —2.9,3.8] x 10~*

Coeflicient | 95% CL, interference-only terms | 95% CL, interference and quadratic terms

Cuc —4.2,4.8] x 10”° —6.1,4.7] x 10~°

Cra —2.1,1.6] x 1072 —1.5,1.4] x 107°

Crw —8,2,7.4] x 10~* —8.3,8.3] x 10~ *
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Resolution on mH with or without Per-Event Resolution
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| atest CMS Higgs mass result

Phys. Lett. B 805 (2020) 135425

CMS

Run 1:5.1 fb™ (7 TeV) + 19.7 fb™ (8 TeV) —— Total Stat. Only
2016: 35.9 fb™' (13 TeV)

Total (Stat. Only)

Run 1 H—yy —_—— 124.70 = 0.34 ( £ 0.31) GeV
Run 1 H—= ZZ— 4l bt 125.59 + 0.46 ( = 0.42) GeV
Run 1 Combined b ged 125.07 £ 0.28 ( = 0.26) GeV
2016 H—yy —— 125.78 + 0.26 ( = 0.18) GeV
2016 H— ZZ— 4l b———t 125.26 = 0.21 ( = 0.19) GeV
2016 Combined L 125.46 £ 0.16 ( £ 0.13) GeV
Run 1 + 2016 -!—- 125.38 £ 0.14 ( £ 0.11) GeV

122 123 124 125 126 127 128 129
my, (GeV) CMS record
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http://dx.doi.org/10.1016/j.physletb.2020.135425
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-004/index.html

Previous ATLAS Higgs mass result

Phys. Lett. B 784 (2018) 345

| I — — —
A| TLAS - Total Stat. only
Run 1. Vs =7-8 TeV, 25 fb™, Run 2: ¥s = 13 TeV, 36.1 fb" Total  (Stat. only)
Run 1 H—4l : . = 124.51 = 0.52 ( = 0.52) GeV
Run 1 H—yy : . i 126.02 = 0.51 ( = 0.43) GeV
Run 2 H—4] : . : 124.79 + 0.37 ( = 0.36) GeV
Run 2 H—yy : -I : 124.93 + 0.40 (= 0.21) GeV

. Runi1+2 H—4l == 124.71+ 0.30 (= 0.30) GeV

Run 1+2 H—yy 125.32 + 0.35 (= 0.19) GeV

Run 1 Combined . = 125.38 + 0.41 ( = 0.37) GeV
Run 2 Combined —e——i 124.86 + 0.27 ( = 0.18) GeV
. Run142Combined T 124.97 £ 0.24 (£0.16) GeV
. ATLAS+CMSRuni ——s 1 """""""""""" 125.00 = 0.24 (£ 0.21) GeV
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
123 124 125 126 127 128

m_ [GeV]

ATLAS record
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https://www.sciencedirect.com/science/article/pii/S0370269318305884
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2016-33/

