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Outline of the talk

Higgs physics in di-boson final states: Overview of the (so far) ATLAS Run-2
measurements in WW*/ZZ*/yy decay channels (36 fb-1,80 fb-') production inclusive
& ttH —enhanced 80 fb-! New!

Higgs boson cross-sections, which?

» Fiducial inclusive and Differential, Total, Production, Simplified Template Cross

Sections (STXS)
Decay Process H->vy H->ZZ*>4l H->WW*>evuv ttH->ZZ*/yy ttH->Multileptons
[Ldt{io-1), oms energy| 79.8, ys=13TeV  70.8, Js=13TeV  86.1, Js=13Tev P 10798 36.1, Js=13TeV
Js=7,8,13TeV
Document ATQLQSES'E%\'F' ATQLQ%%?QF' AT'Z‘S%%CSTF' arXiv:1806.00425 Egtytse}ngvg;Y
072003 (2018)
Fiducial |2;i%[]i;ar’:§d Cross-
Fiducial 223{:3:’2& Cross-
STXS
Total

e Remarks and Conclusions

Combination: talk by Daniela Rebuzzi




@ Higgs boson measurements in diboson
ATLAS final states

EXPERIMENT

Despite the low branching fraction of H — WW*(—Iviv)/ZZ*(4l)/yy, these decays channels

0 have a clean signature and constitute a powerful tool for many Higgs boson properties
cﬁ | | n | | n
S measurements. Use good isolated leptons and photons, invariant & transverse mass & jets
O
- I 2 3 ' ' ' ' ' ] > SRR AR RN RARRN AR RARRN RAR
S 2 ¢ S ook ... Backgrouns aomrrmiwd | |8 [ ATLASPreliminary * o=
8 CCEU ] 3 gu —ggg + Background m,=125.00 GeV £100 T al =Signal (m, =125 GeV)
- g — g + - .  H—= - b4
O 2 10 S s Pi1eSIE) negned s : N - 13 TeV, 79.8 10" Bl s, £ v, WY
— < S E L 2 .
o HoyySB~4% | e H—2ZZ—>4SB>2 -
= B 1l B
X]s . 60 a
E 107 onstructed|mass —+ cl@an peak .
O , :
-&) 10‘45 E PR B " PP B SR BEPE P 40
7 it ) 125.09 GeV | : ~ 2
9 E I = e! M f f i ++ +
CD 106 ) [ ;I T T Y =1’V|e,\,lf;v1|7 ] % ! + " 0 "
~] -10 . X . X
< 100 150 200 250 S 80 90 100 110 120 130 140 150 160 170
= M, [GeV]
<_E_ %2000_ T T T T T T T ]
— S 1800F ATLAS Preliminary RS 100 ' ' - - =
) g 16005— H—WW*—evuv, Nt = 1 - ww — WW*. L BR 1 o CI C ATLAS 4 :%:Ita 14 ]
8 ‘qé: 1 400; Vs =13 TeV, 36.1 b’ = e _ . arge.r ~ 1.5% ean 1 -+ (s=13TeV, 79.8 b = fH n(ﬁfH.H)iggs E
O @ = signature : I Cont. Bkg. ]
& - Low S/B ratio . E
Had categories Lep categories |
= 5 i
O E ]
= HE_) YY i
£ ' 7
3 o y
I or ’_l_I_P—‘—'_ﬁH(u:“M -
0 ¥ ——
Had4  Had3 Had2  Had!  Lep3  Lep2  Lepi 3




@ H—-WW*—evuv - Analysis
ATLAS

EXPERIMENT

Analysis strategy in brief ATLAS-CONF-2018-004

Recent result!

- Signature: two prompt isolated leptons (close-by leptons) and (loose) missing momentum

- Events split in 3 major Signal Regions on Njets

") . : :
- 1
- Njet = 0 and Njet = 1 (ggF dominated) )b jet veto in all categories to reduce ttbar

- i imi > 1400 T e i
N. tn;TZUS\?SFa dels?rlr?lndant §12003—‘:Iwb:,i ePreIi,rJ\irIaorV :3‘3;%@.1.,, _ % 450 ATLA? Preliminary S oy E
- Njet = ( omllna.e ) S f B 13 Tav. st 1 3T a0op ey et =
- BDT used as discriminant 5 = § w0 =
W 800} ) i
C 250
. . . 600 -
* Irreducible backgrounds data-normalized via CRs __} 2%
e Mis-identified leptons fully data-driven - /CR 100
C 50
ok 0

(*) complete event selection table in backup
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e Simultaneous SRs and CR max likelihood fit |99F: 630 (exp. 529)| VBF: 1.9 (exp. 2.70)
- 8 SR regions defined for Njet =0 & 1: éfﬁﬁﬁmsm*fﬂ e
. o o 3 relimina Y Uncertainty g _ P Data Huor 7
- Different bkg composition Ztuog) st W (8 qopATLAS PN gt Sam
- Enhance sensitivity g oo ST S VR e B ]
- mT shape fit with 8(6) for Njet=0(1) 1000} : Wi 03? reetany 7 a0

sub-leading 800 [l — N T
[2xmy] - [2xp7 | - [en/ue] o  EULCLTee
200
- . ’ 10
4 BDT bins for VBF enriched category g sw-

BDT score

= extract both ggF and VBF cross-sections ¢
e Other production/decays modes fixed to SM

.........................

m(Gev) oignal fraction at best 14%
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Signal strength and cross-section results:

— 2.0 T
8 | — 68%CL ATLAS Preliminary |
Run-2 Run-1 S T TLAS Prelminary
g : : estn
Hok | = 1217013 (stat) o 15 (sys.) =|1.2170 37 Uggr = 1.024322 Il +oo
pver | = 0.621039(stat.) £ 0.22(sys.)|= 0.6270-3] pypr = 1.27%033 & | 1o compatile
’ . ' g 0sf with S
[ predictions
0.0f
OooF * Buoww+ = 12.6715(stat.)*|2(sys.) pb = 12.673] pb —
OVBE - BHoww* = 0-50f8j§§(stat.) +0.18(sys.) pb = Osotgg(g) pb. —0-5_'5. e
OggF * Bru-ww* [pb]
Predicted cross-sections:
ggF 10.4+0.6 pb VBF 0.81+0.02 Source % (%] % (%]
Data statistics o 40
. g . CR statistics +8 +9
Uncertainties on the cross-sections measurement 1ic siatstes = 53
i . . . Theoretical uncertainties +8 +21
Significant uncertainties from Theory: eF signal T5 15
® ~5% on o(ggr) due to WW background modelling el 5 i
® 15% on ower) due to QCD scale on ggF in VBF phase  Top-quark +4 14
Sp ace Experimental uncertainties +9 +8
b-tagging +5 +6
Pile-up +5 +2
Limited MC statistics important especially in VBF A o o
OggF) dominated by systematics (exp~theo) Misidentified leptons +5 +9
Luminosity +2 +3
TOTAL 17 159

precision of the measurements
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@ Higgs boson cross-section measurements:
ATLAS Nomenclature

EXPERIMENT

In Run-2 different Higgs boson cross-section measurements considered:

e fiducial cross-sections(inclusive & differential): Measured in fiducial volume to
avoid model-dependent extrapolations — only correct for inefficiencies &

reconstruction effects
Ni,ﬁt /N

Cz' __ Yi,reco
L X Ci7

Ni,part |
| = bin of differential distribution
[Ci = 50%(75%) for H4l(Hyy)]

O'i’ﬁdZO'Z'XAiXB:

e Simplified Template Cross Section framework™ (STXS)): simple fiducial region
definitions matching specific experimental categories (ggF Ojets, etc..), allows
to reduce theoretical uncertainties (%)

e [otal cross-section: extrapolate to full phase space and combine channels

(*) LHC Higgs X-Sec WG: : 4 [arXiv:1610.07922]



@ H—ZZ*—4l inclusive and differential
ATLAS Cross-section

EXPERIMENT

® [ ATLASPr 'l"""""';'[',J,;""""""'I Use template mass distributions for signal & background
O O S s men 7 to fit m4l for each hannel or differential
D 0100 FH 724, 4 - m=zscev | to fit m4l for each decay channel or differentia
. 7’ _| . . .
N [arevzesn’  soe  Ezestsvw | distributions to extract Nsigna
2 P B events W Uncerainty _ .
s 80r 7 Background mostly by non resonant ZZ* production.
O [T 115-130 GeV 1 Normalization of background shape checked using
) 60 - 7 special control region
= 40 h Expected and observed events in the
S - i mass window 115 < m4l < 130 GeV
% 20 _ _ Final | Signal ZZ* Other Total Observed
N i | state background | backgrounds expected
L = 4p 1 405+£1.7 19.0+1.1 1.71 £0.10  61.2+2.0 64
P 0 22 ) 282+1.2 13.3+0.8 1.38+0.10 428+1.4 64
< 80 90 100 110 120 130 140 150 160 170 22e| 21414 92+09 | 299£009 343+17 39
= m,, [GeV] 4e | 21.1+1.4 86+08 | 2.90+0.09 2% -
. 112+5 50 + 4 8.96 + 0.12
D
®)
S _ 0. I Compatlble tol1.7c
S ATLASP ' 4 o ] ATLAS Preli $ o relimin Oute re|m|n Oe
S R el N I E el e BT it N I 8 L Tl
— .y - 13 TeV, 798 1" Mz fdvvw -~ 18 13TeV, 79.8 " B zojetn. £ £ev. VW 13TeV, 79.8 1" Il zpets. £ Eov. v W E 13 TeV, 79.8 " Mzucivw ]
C _g 50:— G, Urcontainty - _g 16 Y veconamty W Urcoriany n
© & aof & 14
12
10
8
6
4F|)
?‘ | -
%0 90 100 110 120 130 140 150 160 170 080 90 100 110 120 130 140 150 160 170 080 90 100 110 120 130 140 150 160 170 080 90 100 110120 130 140 150 160 170

m,, [GeV] my, [GeV] m,, [GeV] m, [GeV] /




H—Z/Z*—4l inclusive and differential

ATLAS Ccross-section

EXPERIMENT

.. ¢ Data
Cross section [fb] Data (+ (stat.) + (syst.) ) Standard Model prediction p-value [%] ATLAS Preliminary [ Syst. uncertainties
C/>)\ H_s ZZ* _ 4] = SM(ggF @N3LO + XH)
S T4p 097 +0.17 +£0.05 0.886 + 0.039 62 1 ¢ MG5 FxFx + XH
Q 13 TeV, 79.8 fb" #  NNLOPS +XH
D) TA4e 0.61 +0.21 +0.07 0.886 + 0.039 25 Fiducial xsec |4 HRes 2.3, NNLO+NNLL + XH
2 Taye 0.88 +0.21 +0.08 0.786 + 0.035 66 [T _ % ' Total xsec
e Tre24 137 +0.22  +0.07 0.786 + 0.035 03 |Ersf £.45 B %0
= Taprde 1.58 £0.27 £0.10 1.77 £0.07 51 |8 4 ¢ [*] oF
D {4 ) 70K
o TRy 226 031 +0.13 1.57 +0.06 24 |2 " o [*]
= Toum 384 041 %023 335 +0.15 27 |8 & 4] 25 oE " BR
T Teomb 4.04 +0.41 +0.22 335 +0.15 12 sb T T 0 . [*] a0 R
- 06F 15 q] “ 30F
o Tior [pb] 67.2 +6.8  +4.1 557 +25 13 St : :
..(L) 0.4;— 1 20
= 0.2 0.5 10F
% Njet test modelli f : E
o jets—> test modelling o ol ol okt ol ot ot ol ok o
@p) radiations at high p;, U R T i Tk !
i pry—> test perturbative QCD sensitive to prod modes
|_
< Ly T T T T T T T T T T Ly~ 3.5 T T T ]
- % 0,12~ ATLAS Preliminary ¢ Dam ] = - ATLAS Preliminary Iﬁl gi'umﬂm 3 .
S| O FEEgk. Rmme . 1 o nzoa s smweseconas 4 Qverall good theoretical
& :o'g, 0.1—_ 13 TeV, 798 = :NGSL;(;X‘:-‘:‘ZX;XH E E 13 TeV, 7980 ,_ mx=1_1',)qt:‘m E - .
= . F o v 25 [{] P i o s description of data.
- (=Y 0‘08_ Tp.v wQ =7. __ :_ -value = _: n n n n n n
ks s 8 G Pt 0% ] 15 Tansreme 1 Precision statistically limited
S 006 | -I . J—' 1.5 E
[= Y i = 5
O o B E E By 3 Combined inclusive fiducial xsec:
0.02F- + 4+*i__|,_,4i 4 g—: 0.5 |- -
e e ] S, 11114 LD e e SR B
s 12_ S [F 5 12_ - - - : 1 Fid,comp = 4.04 1 0.41(stat) + 0.22(syst)fb
g I e ' - . Ofia,sm = 3-35 £ 0.15fb
S e B =
2 l - I - . § [
Y . T = osk . = . -
0 10 15 20 30 45 60 80 120 200 350 1000 0 1 2 3 -4
P TAl [GeV] N'pts 8




@ Categorization of ZZ events & Simplified
ATLAS Template Cross Sections

EXPERIMENT

4

\

}

Exclusive binsYn Higgs production

2 Categories based on particle-level events by dedicated generators
Q Reconstruction categories in data
= Higgs < >
7% production
A Production bin Cross section (o - 8) [pb] (o-8B)/(0 - B)sm
fo! mode
= SM expected Observed Observed
QN Partide level Reduced : N
% Stage 0 producton bins Stage1 | Reduced Stage-1 production bins, |yg| < 2.5
= L [ ey | ggF-0j 0.72 + 0.05 0.85+0.14 + 0.08 1.19 £ 0.20 £ 0.10
12 Pi' <60 Gev _ ggF-lj-p!F’-Low 0.170 £ 0.020 0.09 £0.09 £ 0.04 05 £05 +£0.3
D g T REPIERCN ooty atedum ggF-1j-p¥-Med | 0.120 +0.020 0.11 £0.06 +0.02 0.95+0.51 +0.13
S P> 120 GeV :
- - LSRR goF-1j-pH High | 0.024 0.005 0.007 + 0.026 + 0.006 03 1.1 +0.3
9 I _ goF-2j 0.140 + 0.030 0.16 +0.10 + 0.03 1.15+0.76 + 0.26
= o verpion [: .
" e —— o T VBF-p;-Low 0.0872 + 0.0027 0.22 +0.09 + 0.02 26 £1.0 £0.2
g HodronioV docay _ VBF-pi-High | 0.00410:0004 0.03 +0.02 + 0.01 74 £6.0 +0.7
O B VH-Had 0.035979-0019 0.02 +0.10 £ 0.01 0.6 +29 +0.3
: S | oo
m : VH-Lep 0.0165+0-0008 0.04 +0.03 £0.01 25 2.1 +0.1
[= 0.0011
Ig - Tk itH 0'0154t0.0016 < 0.06 <4.02
ATLAS
Preliminary :



@ H—vy fiducial inclusive and differential
ATLAS Cross-section

EXPERIMENT

4

Fit m,, distribution as superposition of signal + background

—. 80 T

s [l T T T T Ty @ L ATLAS Prelimi Hoyy, Vs =13 TeV, 79.8 fo'- | | " fd : | .
g [ATHAS PR ] T e e, - st anc] NClusIve Tiguclal XSec:
; - E= gg>H default MC + XH 3 z 601 £ gg—H default MC + XH
1\% Il NNLOJETGSCET + XH 1 & [% gg—H SCETIb+MCFMS + XH { Orig = 60 4 _I_ 6 1(Stat) _I_ O 3(theo)fb
bg .XH:VBF+VH+ttH+be .XH=VBF+VH+ttH+be fld - - ' - *
©

107" 4or Osp = 63.5 i 33fb

.................................. , , 1 0 1 2 3 4
. (6 xB) /(o x B)

2
>
M
O
O
O
-
@)
N
o
O
—
LO
(Q\ . 20
—— 102
f I | I | | I I I I I | I I I | | | | I I | I I | | | |
[ e, ATLAS Internal
0 4 Fe-{Total | | Stat. Syst. — SM
- z * T T . . . . T G E=13T€V,79.8fb .
i + : H-
8 g I S e } LRt Total Stat. Syst.
s 1 = o = ==
= g g == ==
S s, o 0 0.10
Qo v L - - - L - I I I I I I 1 I 1 ! 1 0.15 1
% g 0 %0 100 TR0 200280 00 0° § 0 02040608 1 12 14 16 18 2 22 24 ggF+bbH 0.97 + gy (£011,+ "0)
— T |
_ . s . . . == 0 (, 0w , 02
i > [ ATLAS Preliminary Hosyy, Vs=13Tev, 7981"] = ;2L ATLAS Preliminary H-yy,\s=13TeV, 79.8 10" 1 VBF 140+ oz (£ o31,% 021 )
|_ % B - data, tot. unc. syst. unc. b—»‘:’ 4 data, tot. unc. syst. unc.
< ,:%._ = gg—H default MC + XH 102k — gg—H default MC + XH —
e ~ B 09>+ NNLOJET + XH | N < XH = VBF+VHxttH+bbH VH I —— I 1.08+ 250 (+ 988 4 026
— -8: A gg—>H SCETIib (STWZ) + XH | 10 T B 1 0.54 0.49 023
8 101k £ XH = VBF+VHttH+bbH | Ny (P, > 30 GeV, m|<2.5)21,NM:0§
- anti k, R=0.4, N, 20 ] [ ]
1 L I -
1 3 E I ]: l 0.43 0.37 022
9 i : ______ ] tOp 1.12i 037 (t 033 ,i 0.16 )
L 2 —_—] F
8 S 10y B
- oo oy o o by ey by ey by by
-
ke

+ XH
o

Ratio to default MC
B
L=
X I
(=3
«F»—
Ratio to default MC + XH
——

SM

Il L 1 L 1
0 50 100 150 200 250 300 350
Py [GeV]

Overall good theoretical
description of data.
Precision statistically limited

10




Simplified Template Cross Sections
STXS

) kil

ATLAS

EXPERIMENT

4

Due to the limitation of the data sample only the 9 most sensitive categories are introduced.

w
> L] [} []
§ Good agreement between data and SM prediction is observed
[®)
-
O
0p]
IS
6 |II|IIII|IIII|IIII|IIII|IIII|II
flj . . . e Total [ | Stat. m Syst.
— Measurement region Uncertainty [fb] SM prediction
T Result [fb]
c (Iyg| < 2.5) Total (Stat. Exp. Theo) [fb] Total
" - ke 092 *%%
= ggF, 0 jet 58 3 (exB/exBy, 2 )| 63 £ 5 ‘gﬁ
8 egF. 1jet, pH < 60 GeV 8 o (g 46 t} )| 15+ 2 E—  1.23 ost
%J ogF, 1jet, 60 < pH < 120 GeV 9 55 (=4 8 j(‘) )| 10+ 2 === 089 _ou
+0.85
S e lje 120<pf <2006V 26 4 (=12 HE 9 )| 17 03 b= 151 _o%
i ’ +0.56
o ggF, > 2 jet 7 +6 (:tS ’_'g +2 ) 11 = 2 —=—— 065 o5
— ) +047
§ 49 — Hqq, pl. < 200 GeV 15 B (x4 2 2 )| 10 = 05 = 140 [
% ggF + qq — Hqq, BSM-like 1.4 +0.9 (10.8 +0.4 202 ) 1.8 + 04 ‘'HF== 0.76 g
_92 VH, leptonic 2.0 HEo (S x04 x001 )| 14 % 01 —==—q 138 [;
O Top 1.5 06 (105 02 02 )| 13 % 0. 113 05
| I I | I I I | | | I I | I 1 1
-2 -1 0 1 2 3

(cxB)/(ox B)SM

11



Total Higgs boson cross-section: )

* INFE
ATLAS tt (H—- ZZ & vyy) o
EXPERIMENT
Expected Observed
U; Bin ttH (signal) Non-1tH_Hig -Higgs Total Total
8 an) H—vyy
@ 2 42 +11 049 +od%=—pg==05 64 =13 10
®© 34 +£07 07 +06 75 +1.1  11.6 %15 14
- . * o
s | vy _analysis and ZZ* analysis: b= 47 £09 20 17 329 £22 396 32 47
= Separa’[e adronic ano ep’[QmC . 30 05 32 31 550 +28 61 %5 67
— . 45 +£1.0 024 +0.09 22 06 69 +1.2 7
L() _ ~~
| decays using BDT-based < 22 +04 027 010 46 £09 7.1 £1.0
=2 categories o 082 £0.18 030  peleldmmmdelommdel0 5.7 £0.9 5
= S | Hozz >4 |
o Had 1 | 0.169+0.031 0.021 TO007 0008 X0.008 0.198 +0.033 0
% Had2 | 0.216 £0.032 0.20 +0.09 022 +£0.12 0.63 +0.16 0
8 Lep 0.212+£0.031 0.0256 £0.0023 0.015+0.013 0.253 £0.034 0
-
CD T T T T
i % 100_— ATLAS ' Data —_ % 351 — 1 r T T T ] r T T 1 — T T T | T T T T T T 1 l——
B O [ (s-13TeV,79.8 1" . tH (p=1.4) ’ 0] - ¢+ Dam ATLAS 4 E
<C 80— ’ {0 Non-ttH Higgs — 0 — s Continuum Background Vs =13 TeV, 79.8 fb =
.. — I Cont. Bkg. . Ql 30— —]
— = = [ ==== Total Background m, = 125.09 GeV -
) - : B =~ — . . _
8 Had categories ' Lep categories » 25 == Signal + Background All categories —
S : - S - In(1+S/B) weighted sum —
S ' VSIS |- 9 20k —
m yy aﬂ d yS 1S | = - ]
c : — B 15 — T
O H — - —
= - . 5k -
S 205 ; = P10k l =
% 10— ¢4 | 5 — T_II 1 i 1 ]
e 0 . . . . ! . . E + * * ‘ Sl .
Had 4 Had 3 Had 2 Had 1 Lep3 Lep 2 Lep 1 [ T T T T T [N N T T T N S T T S T SO SN T S NN SO SO M

110 120 130 140 150 160
m,, [GeV] 19




Total Higgs ttH boson cross-section

ATLAS Combination

EXPERIMENT

Largest samples: 2ISS + 3ISR

Analysis Integrated ttH cross Obs.  Exp.

90
_ 80 luminosity [fb~1] section [fb] sign.  sign.
s 70 H — 79.8 710 #2210 (stat) 120 (syst)  4.lo 370
2 60
S 5 =N H — multilepton 36.1 790 £150 (stat.) *10 (syst)  4.1o 280
TR
T 40 T — bl 6. 400 1130 (stat.) + 270 (syst.) ldo 160
o 30 H— ZZ* — 4¢ 79.8 <900 (68% CL) O 120
20
o Combined (13 TeV) 36.1-79.8 670 £ 90 (stat.) 110 (syst.) 5.80 490
0 Combined (7, 8, 13 TeV)  4.5,20.3, 36.1-79.8 - 6.30c S.lo
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1 I I 1 I I 1 1 I I 1 1 I 1 I I I 1 1 I 1 1 I I I 1 T _g 15 I I I ' ' I ' I ' | ' ! ' | ! ! J | J J J E‘
ATLAS e Total | | sStat [@@Syst — sM % 0.9 ATLAS E
Vs=13TeV, 36.1-79.8 b’ = (. gf B Theory (NLOQCD +NLOEW) =

Total  Stat. Syst = $ _ =
_ Q. 07:_ Combined data _
ttH (bb) I-é—l 0.79+ g5 (+ 9% ,+053) - SR =
© 0.6F =
ftH (multilepton) H=— 156+ 082 (+ 030 .+ o 0.5E e
ftH (yy) —==—— 130+ 08 (+ 08,02 0.4 E
0.3 =
ftHZz) | <1.77 at 68% CL - :
""""""""""""""""""""""""""""""""""""""""""""" 0'2;_ /s =13TeV,36.1-79.8 " 3
Combined H=——H 132+ o2 (+0.18,+ 7)) 0.1 /S 8TeV, 203 b" =
IS SN T TR NN TN NN TR TN NN TN MO TN SR NN TR MO TN S NN TR MO AN S NN SN O: L by b e 1y 1]
—1 0 1 2 3 4 6 8 10 12 14 16
M
Syr{ Ol Is(TeV] 5




Remarks and Conclusions

4+ A summary of the first set of ATLAS Run-Il Higgs boson properties measurements
has been presented
4+ Precision of cross-section measurements ~2 times better than with Run-|
dataset
4+ Overall, a remarkable good agreement with SM predictions observed

4+ Most of the measurements limited by statistics:
4+ So far most results are based on ~80 fb-
+And more data expected in this last year of LHC Run-2 data-taking
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lcl B | | | I | | | I | | | | | | | i
=120 atLAS /s =13 TeV E
% ~ Preliminary - .
Stay tuned for the 2100 Wincoeiverss Bt ot E
seque / § 80 | |ATLAS Recorded B
7 g eo: :
4 (U _— I
of the Higgs > O :
. : = 40 -z
characterisation s
/ = 20 — %
sadga. ! | | 1%
0 | | | I [ I L
300 12 0 P10 Oy A8 T AT B a8
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@3) Production modes & topologies INg\D
ATLAS e

g

S
- (Y > H -->--- H
g W.Z
1) q >
& T
T ° Leptons or leptons & 1 Gum Jets
S (a)  missing energy (b)
g |
< q W.Z t
2 =
= & b-Jets & Ws
@ \ g
5 H
[ Yoy

b-dets & Ws




Selection in a nutshell

Large number of different topologies & reconstruction techniques.
Commonly used objects are:
» |solated & good quality leptons; charge & flavour in leptonic decays of bosons
Isolated & good quality photons
Invariant (transverse) masses Z (W)
Jets (hadronic decays of bosons)
B-tagged jets (for ttH topologies)

H->vy H>ZZ*>4 HoWW Sevpy  ttH, H>yy, WwW* ZZ*

36.1 Vs=13TeV 36.1 Vs=13TeV

Ldt(fb-1); | 79.8, Vs=13TeV . 79.8 (36.1),
|f| in’Eerva)l’ <2.37 && excluding ’<2 47 <2.37 && excluding \/S—IBT(eV <; 47
n 1.37-1.52 | 1.37 1.52 |
_ Leptons: 2 SF,0C pairs; isolated photons & b-jet
Photons: Reconstruction 20.15.10.5 GeV & [(had decays) or (lep
Obiect quality, isolation, 50pT>12,G ,V ,106? 1o Leptons: Isolated e+ decays)]
JeCts E>25GeV, <m12(GeV)<106; 12- pA+F pairs p;>22,15 GeV  isolated leptons & b-jet
E./myy>0.25,0.35 20<m34(GeV)<115 & [(had decays) or (lep
T MYY>0.29,0- 115<m,(GeV)<130 y
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Transverse mass of di -
lepton+E_T"miss
discriminating variable
Categorisation

Fit distribution of myy as Fit distribution of m, as
Method signal + background. signal + background.
Categorisation Categorisation

Multi-variate analysis
(MVA)
Categorisation




@ H—vyYy inclusive and differential cross- /)
: INFN
ATLAS section L

EXPERIMENT

> 0.16_ 1 1 1 I l 1 1 1 I l I 1 1 1 I I 1 1 1 I I 1 I 1 |
: . : : — 8 - H-yy, m, = 125 GeV ATLAS Internal Simulation 7]
o Fit myy distribution as superposition 0 014 (5= 13 TeV —

S of signal + background % 0.12F ‘ Best & wotst resolution: 1.7 & 2.1 GeV
o 15 - ‘o ggH 0J Cen 7
- z 0= o MC ]
O © - m— Signal Model .
3 S o008 H 0J Fwd E
= N AR -
'E(\|) 0.06— Signal Model ]
= | Signal is modelled as a double-sided 0.04f -
= Crystal Ball. 0.02F- E
2 X , ‘ ]

§ Background parametrisation chosen as P 120 125 130 135 140
D best trade-off between small bias in m,, [GeV]
s | signal determination & small number of - ————— ———— :
- . 3 ~ ¢ Data ATLAS Intemal -
=2 function parameters. 2 Meop Signal+Background e E
= g 1200~ -==n--- Continuum background In(1+S/B) Weighted Sum, S = Inclusive —
8 %’ 1000 — =
C = -
O g ™ E
& 3 E
c 400 — =
© 2o :
g 80%_: 1 1 ! l 1 —%
§ SE =
s 0E —
8 20 =
0— =
-20 €
Ry 18



Categorization of yy events

Exclusive bins in Higgs production

Reconstruction categories in data

4

n
< « > >
8 STXS Truth Categories  Reconstruction Categories
O . .
c o ggF 07 Fd, Cen (28, 29) ATLAS Work in progress
o) ggF 1] Low (27) S ot [T 73 ; ; 1003»-5
(@)} ~
8 60 < pH < 120GeV } ggF 1] Med (26) 2 “;’4': ] 5 e : ?123: f =
L 1-jet, S
120 < 200 GeV -| 1J High (25) w ttH 111 2 11 4
O P < | BsMiike gek 17 High ﬁ agsHIl g
. o 0oF + ggZ(—qq)H, — o pi > 200GeV ggF 11 BSM (24) (%) qgHIl o
LO ! qg—Hw 11 -~
Q\| o P > 200GeV 2gF 21 BSM (20) aqHaa (B} 2 200 GoV) 2 = z
: 2gF, > 2jet qg-+Haqq (rest) 4 8102 71011 9104 6 4 5 3 a
L not VBE-like * pf < 60GeV 2gF 2] Low (23) qg::'miv:) 3222 20 33 c
- . qq—Hagq (VBF-ike 3-jet) 2 4|5 18 =
- o 60 < pHf < 120GeV ggF 2] Med (22) qq-+Haq (VBF ke 3-jst veto) 1 30 5 e —50 D
O . ) i ggH (VBF-like, 3-jet) 1 4 3 18 30 3 1 [
% H|ggs > 2et, e 120 < pH < 200GeV -J-.-f. goF 27 High (21) o Ve & et S 4 ) 4o
agH (= 24et, p¥ = 200 GeV) 2 3 8 5 1443 117 4 2
5 prOdUCtIOﬂ i opr’’ < 235GV 99”(22‘59'-‘205';#%“200‘39“ 1 11 4253010 3 8 4 1
- VEF-fka, — HIT 5 95 Gev ggH (= 24et, 60 < p¥ < 120 GeV) 8 3 9 4209 36 3 1 —30
% mOde - = ggH (2 2-et, p¥ < 60 GeV) 3 2 4 2 1 1
Hij _pHII ; . ggH (1-jet, py' =200 GeV) 4 —20
Rl All Higes VBE-like {p.r < 25GeV VBF low-p/ BDT tight, loos ggH (1, 120 < p¥ < 200 GeV) B
P Ie;e';'i’zs B " L pH91 5 25GeV weeerd VBE high-p!**/ BDT tight, loc ”““::?;"E:‘g:; 1 gl (crmeaz 4 o —10
H . < 51/ 1 1
i VH had BDT tight, loose (14, | agH (0-jet) 38 3 24 1 3 8 2 5 —o
- g'—Hqq’' (VBE + VH), 202032203385 8585323228335 2¢0%
|<_E 3' E|§| gl%% §I%JI % 8‘ Blggligl 581 "l% §l %g ¢§ § §t|8: g ¢§'§
qqH BSM (13) 3327327333333 3583 a8 s°8¢088¢08¢
= 55352t hTe=2FTL=Z5> 3232 g 'v"g'n!n!'
= 43— WH VH lep High, Low (9, 10) ©8838°8s8eT  TE>" 353 §§§§%%§
GJ VH(lep(onicdecays),~|-|: : o 25 o === ===
O I a1 - 21, [~ (Z—»v) VHMET High.1 > Reconstruction Category
- 88— L (z—¢¢) VH dilep (8)
9 _|_. 0 7l | — (had decays) tH had BDT1-4 (4-7)
o) top (7H.tHq.tHW) - L ep dec
m ays) ttH lep BDT1-3 (1-3)
e —m bbH (merged at stage 0 with ggF)
-
O

Good match between

9 STXS categories
(2 ‘BSM categories
combined)

STXS & reconstruction
categories

12



Cross sections & generators

o [pb]

. Process Generator Showering PDF set V5 = 13 TeV Order of ¢ calculation
(%’ ggoF Pownec NNLOPS  Pytaia8  PDF4LHCIS 48.52 N? LO(QCD)+NLO(EW)
8 VBF PowHeG-Box Pytiia8  PDF4LHCIS 3.78 approximate-NNLO(QCD)+NLO(EW)
e WH PownEeg-Box Pytia 8  PDF4LHCI15 1.37 NNLO(QCD)+NLO(EW)
- q3’'—ZH PowHeG-Box Pyruia 8  PDF4LHCI15 0.76 NNLO(QCD)+NLO(EW)
8 ge—ZH PowHEG-Box Pyriia8  PDF4LHCI15 0.12 NNLO(QCD)+NLO(EW)
@) ttH Pownec-Box Pytia 8  PDF4LHCI15 0.51 NNLO(QCD)+NLO(EW)
O bbH PownEeG-Box Pyruia8  PDF4LHCI15 0.49 NNLO(QCD)+NLO(EW)
15) tHq MG5_aMC@NLO  PyrtHia 8 CT10 0.07 4FS(LO)
Sll tHW MG5_aMC@NLO Herwig++ CT10 0.02 SFES(NLO)
f Yy SHERPA SHERPA CT10
- Vyy SHERPA SHERPA CT10
O tryy MG5_sMC@NLO Pymuia8 PDF4LHCI15
2
D)
g .
= Process Matrix Element PDF PS Precision o
% (Alternative) (Alternative)
goF POWHEG-BOX v2 3
|<_[ NNLOPS [4-6] PDF4LHCI5 NNLO [7] PYTHIA 8[8] N-LO QCD + NLO EW [10-14]
.. (MG5_aMC@NLO (22, 23]) (HERWIG 7 [24])
% VBEF POWHEG-BOX v2 PDF4LHC15 NLO PYTHIA 8 NNLO QCD + NLO EW [10, 15-17]
O (MG5_aMC@NLO) (HERWIG 7)
% VH POWHEG-BOX v2 [25] PDF4LHC15 NLO PYTHIA 8 NNLO QCD + NLO EW|[26-28]
S qq — WW  SHERPA 2.2.2 |29, 30] NNPDF3.0NNLO [31] SHERPA 2.2.2[32,33] NLO [34]
M (POWHEG-BOX v2,
= MG5_aMC@NLO) (HERWIG++ [24])
|9 gg — WW  SHERPA 2.1.1 [34] CT10 [35] SHERPA 2.1 NLO [36]
WZ/Ny*fZZ SHERPA 2.1 CT10 SHERPA 2.1 NLO [34]
Vy SHERPA 2.2.2 NNPDF3.0NNLO SHERPA 2.2.2 NLO [34]
(MG5_aMC@NLO) (CSS variation [32, 37])
tr POWHEG-BOX v2 [38] NNPDF3.0NLO PYTHIA 8[39] NNLO+NNLL [40]
SHERPA 2.2.1 (HERWIG 7)
Wt POWHEG-BOX v1 [41] CT10 [35] PYTHIA 6.428 [42] NLO [41]
(MG5_aMC@NLO) (HERWIG++)
Z+jets SHERPA 2.2.1 NNPDF3.0NNLO SHERPA 2.2.1 NLO [43] 20




Cross sections & generators

Production process o [pb]

ggF  (gg — H) 48.6 £+ 2.4
VBF (¢q¢’ — Hqq') 3.78 £ 0.08
WH (q9q" —» WH) 1.373 +£ 0.028
ZH  (qd/gg — ZH) 0.88 £ 0.04
itH  (qgq/gg — ttH) 0.51 £0.05
bbH (qq/gg — bEH) 0.49 +0.12
tH (gg/gg — tH) 0.09 £ 0.01
Decay process B[ 1074]
H—ZZ* 262 + 6
H— Z7Z" - 4¢ 1.240 + 0.027

Production cross section (in pb) for myg = 125 GeV

Toni Baroncelli;: ATLAS results on H(125) boson decays

ggF VBF WH ZH ttH  total
+17% +8% +8% +8% +10%
0.95T17%  0.06575%  0.13%5%  0.07915%  0.0041]0%  1.23
153710% 12472 05873%  03473C 009738 175
195719 1.6072% 07073 0.42f3%  01378% 223
+11% +2% +2% +5% +9%
44.1711% 378t 137tI% 08813 05119% 50.6
+11% +2% +2% +5% +9%
9.7 428t 151128 099700 061108, 571
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Asymptotic formulae for likelihood-based tests of new physics

Glen Cowan!, Kyle Cranmer?, Eilam Gross®, Ofer Vitells>

ey

Suppose for each event in the signal sample one measures
a variable x and uses these values to construct a histogram
n=(ny,...,ny). The expectation value of n; can be written

Eln;] = us; + b;, (2)

where the mean number of entries in the ith bin from signal
and background are

[s(x;05)dx, 3)

bini

b; = bot fo(x;0p)dx. (4)

bin:

S; = Stot

Here the parameter p determines the strength of the sig-
nal process, with u = 0 corresponding to the background-
only hypothesis and n = 1 being the nominal signal hypoth-
esis. The functions fs(x; @) and f)(x; @) are the proba-
bility density functions (pdfs) of the variable x for signal
and background events, and 6 and @), represent parameters
that characterize the shapes of pdfs. The quantities sy and

biot are the total mean numbers of signal and background
events, and the integrals in (3) and (4) represent the prob-
abilities for an event to be found in bin i. Below we use
0 = (05, 0,, by to denote all of the nuisance parameters.
The signal normalization s iS not, however, an adjustable
parameter but rather is fixed to the value predicted by the
nominal signal model.

In addition to the measured histogram n one often makes
further subsidiary measurements that help constrain the nui-
sance parameters. For example, one may select a control
sample where one expects mainly background events and
from them construct a histogram of some chosen kinematic
variable. This then gives a set of values m = (my, ..., my)
for the number of entries in each of the M bins. The expec-
tation value of m; can be written

E[m;l=u;(0), (5)

where the u; are calculable quantities depending on the pa-
rameters €. One often constructs this measurement so as to
provide information on the background normalization para-
meter byt and also possibly on the signal and background
shape parameters.

The likelihood function is the product of Poisson proba-
bilities for all bins:

N M my

(usj+Dbj)" _iib Uy
L(M,O) = 1_[ Jnj7 J e (usj+bj) mLk'e Uk (6)
) k=1 |

=1

To test a hypothesized value of ;1 we consider the profile
likelihood ratio

AMp) = —. (7)

ROMA Tre
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@ Systematic uncertainties on WW*—evpv result
ATLAS

EXPERIMENT

. Source STut ] AgveE o)
> O ggF O VBF

g Data statistics +8 +46
= CR statistics +8 +9
2 MC statistics +5 +23
e Theoretical uncertainties +8 +21
o ggF signal +5 +15
= VBF signal <l +15
S Ww +5 +12
© Top-quark +4 +4
§ Experimental uncertainties +9 +8
- b-tagging +5 +6
é Pile-up +5 +2
< Jet +3 +4
@ Electron +3 <1
= Misidentified leptons +5 +9
D‘ES Luminosity +2 +3
= TOTAL +17 +59
©

23




@ Run1/Run2 comparison for WW*—evpv result
ATLAS

EXPERIMENT

INFN

ROMA Tre

Hoor stat. syst. T total

ATLAS, 13 TeV, 36.1 fbt  1.21%022  10% 15%  ATLAS,13TeV,36.1fb1 0.62+337  59%

0.21
ATLAS, 7+8 TeV, 24.8 fbl  1.02+022  19% 20%  ATLAS,7+8TeV, 24.8 fbt 1.27+032 *+31%
CMS, 13 TeV, 35.9fb?  1.38%021 . - CMS, 13 TeV,35.9 fbl ~ 0.29%385 *228%
CMS also gives results for VH. Theory ggF cross section prediction improved in Run 2 w.r.t. Run 1.

i of Run 2 uses different cross section prediction than in Run 1.

* Good compatibility between Run 1 and Run 2, as well as ATLAS and CMS

* ggF: Precision improved by 36% with respect to Run 1.
« Systematic uncertainties reduced by 25%.

* VBF signal strength low in Run 2
* Expected significance is 2.70 for the Run 1 and the Run 2 measurements

- New measurements in H>WW?* will contribute to combined Higgs results
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@ H—ZZ*—4]| inclusive and differential
ATLAS Cross-section

EXPERIMENT

Experimental and particle level selection as similar as possible to minimise theory uncertainties

Fiducial phase space definition
Leptons and jets

Muons: pr =0 GeV, | <27
Electrons: pr =1 LGeV, p < 247
Jers: P> 30 GeY, < 44

Jet-lepron overlap removal:  AR(Get f) > 0.1 [0.2) for muons [electrons)
Lepton selection and pairing

Lepton kinematics: pr = 20, 15, 10 GeV

Leading pair (m. ;) SFOS lepron palr with smallest mp — wig

Subleading pair (g ) remaining SFOS lepton pair with smallest |y — my, |
Event selection {at most one quadruplet per channel)

Mass requirements: o) < wgo < 106 GeV oand 12 < mag < 110 GeV

Lepton separation: ARELE, = 0.1[0.2) for same- (different-] flavour leprons

JI vero: milf, 8] =0 GeV  for all SFOS lepton pairs

Mass window: 1D Gel < mygye < 130D GeV

N
>
©
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O
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Fiducial xsections
are defined at the particle level
==> correct the number of reconstructed events by
the difference in acceptance between detector-level and particle level
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@ H—ZZ*—4l inclusive and differential
ATLAS Cross-section

EXPERIMENT

Final state  SM Higgs ZZ" Z — jers, tt Expected  Observed
" WZ, V. V'V
= SR event yields A Ml=21 98£05 1.3+0.3 3.2=22 13
Q e 0.6=12 44=+04 1.3+ 0.2 165.3=1.3 16
S e 14.2=14 T7.1+0D4 1.0+ 0.2 223 = 1.5 32
- 242e 0.8=12 46=04 14+0.2 16.8=1.3 21
2 Total Bi=6  259=10 5.0 = 0.6 T =6 102
= Exclusive, Inclusive and Total cross-section
o Croes section Data (= (stat) = (sys) | LHOXSWO prediction  pvalue |7
T Za, T 0.92 7 ;J fﬁ"ﬁ? 0.880 = 0.039 a8
= 4o [ 0.67 +0-2% +il08 0.G88 = 0.03] 96
> Faar |b] 0.84 1338 008 0.625 = 0.028 19
= Faez, |Tb] 1.18 28 1ot 0.717 + 0.032 7
2 Tt de |Th) 1.0g 7 fé f‘é i};‘ 167 = 0.07 65
- Cuuze+2ezy D] 2.02 54 Tuy 1.34 £ (.06 i
%) S avere. [TD] .51 Tpo) 1o 201 = 0.13 19
= Fenmt T 3.62 T TN 2.9] + (.13 18
< Tewe ph] 6 10 =5 6.6 = 2.5 19
3 Uncertainties breakdown
- . . . b o P —— i o5l T — " :
<& Higgs boson signal xsections normalised e o ai ] T e  Moddl 3jeta+ L
a 'tO I_HCXS WG pred|Ct|OﬂS gad:u— i ;;‘)—wn ;—11 :—4 ::;: ::—:s 3—7 ghﬂ—s (118—6 ;—5
= - A7 A S R SO -
|9 i fOI’ ggF, NSI_O N QCD aﬂd NI_O EW &aaa:::fzi a0—d1 5 21 1-3 2-19 1-3 1-3 1-7 1-2 43
. . da;:dy.“|. 20— 120 5 -8 2—-4 <lh 2:! 1:2 l]:} ]:1 d:?
corrections applied sorm | [mIs 423 328 o3 s i-s  b-1 1-3 s_s
' ' Faf Bz fmnw (21— 40 4-12 2-4 <BF  1-4 1- n-1 1-4 i1-4a
- VBFis fuIIy NLO (approxmate NNLO do dNye Z-4 $-31 1-4 4-2 1-3 2-4 1-: 1-3 3-8
- : efigid  |%0-8 $-18 |1-4 3-16 1-3 3-3 1-§ 1- 3-8
QCD corrections applied) e o A o St I S i ot S S ot S -

20




@ H—ZZ*—4]| inclusive and differential
ATLAS cross-section

EXPERIMENT

Bin-by-bin correction factors for detector inefficiencies and reconstruction

>

S 1.4 0T 1.4 | | | -
S | ATLAS Preliminary _p, 0 i - ATLAS Preliminary — Purity :
§ 1'2:_H_’ZZ*_’4I .C ection fact —: 1.27H—> 22" = 4 lC rrection factor -
& 13TeV, 36.1 b orrection factor - 13 TeV, 36.1 b OHEETON ARl
) Ln 5 Ly B
q\ e — . -

T Y s 0.8

= : ] :

O i .

D) | L

D i i —

o 0.4 B 0.4 =
%J i ] AL i
= BRES E 0.2 :
% I T PRI PRI IR I i :
O % 50 100 150 200 250 300 350 00— 1 > >3

% pT4I [GeV] ) N
an ’ jets
IS e For ggF, NNLOPS sample used to derived the correction factor

|_

e correction factors agree within 15% for all production modes
except for ttH, due to the missing isolation requirement needed to identify leptons from
hadronic jets at particle level
¢ | arge uncertainty on the last bin of Njets due to exp jet reconstruction uncertainty mainly
27




H—/Z/*—4l inclusive and differential

- INFN
ATLAS Ccross-section rows 1

EXPERIMENT

More differential different ggF predictions normalized to

2
(U | ] | ]
D 1ot ' N3LO with the COrrespol lol] 10 K-factors XH
O distributions...
S Processes have been added
0p]
O ;‘ - 1 T T T 1 ] — = 1 T I T — ; 0.0025
o) ©  0.35 ATLAS Preliminary =~ —*— Da@a = re) L ATLAS Prelimin oy D e Data ' ' > 0.07 C~ ATLAS Preliminary =~~~ Data 3 > [ ATLAS Preliminary =~ —*— Data b
0] E H—>2ZZ' >4l [] syst. uncertainties 3 g [ g [ syst uncertainties 0] F H—>ZzZ' >4l [ syst. uncertainties ] 0] - H—>2ZZ >4 (] syst. uncertainties E
P, el 0.3 13TeV,36.1 0" = NNLOPS k = 1.1, +XH = R L 13 TeV. 36.1 b BN NNLOPS £ < 1.1, +XH ” S 006 13TeV, 36.1fb" = NNLOPS k = 1.1, +XH — 8 0.002 13Tev, 36.1 " = NNLOPSk =1.1, +XH _
— S Im ] D ev, . A+ — - . -—
LO = E [ MGS FxFx k = 1.47, +XH 3 7] o B MGS FxFxk = 1.47, +XH R R = I MGS FxFx k = 1.47, +XH E = C I MGS FxFx k = 1.47, +XH ]
Al é‘ o2sf- 0 | 00 e XH = VBF+WH+ZH-+ttH+bbH 7 8 8 p.value NNLOPS =55% _______ XH = VBF+WH+ZH'+“H+be ] 2 005~ | e XH = VBF+WH+ZH-+ttH+bbH —] g S XH = VBF+WH+ZH+ttH+bbH
1251 = 2 = - B C ]
= E = . _ i B c 1 ° _ -
— 0 = pvalue NNLOPS =42% 1 O [ p-value MGS5 FxFx = 60% ] LI p-value NNLOPS = 18% ] '_g 0.0015 ) p-value NNLOPS = 1.9% ]
T 8 o2 £ pvalue MGS FxFx=44% 3 6 - § E p-value MGS FxFx=37% 7 : p-value MGS FxFx = 3.6%
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H—/Z/*—4l inclusive and differential

ATLAS Cross-section
EXPERIMENT
Run-I/Run-Il comparison
< L B B B B L B B BB N ;-1.6_ T T T T T | .
E 1 E{E e e ey 1 8 -~ ATLAS Preliminary ¢ Combined .
B : ) ’ * " B 1'4__ H - ZZ, H - YY - HRes + XH —_
& i —+— data, tot. unc. syst. unc. [t - 13 TeV, 36.1 fb1 ............ NNLOPS (@NSLO) +XH ]
T+ | K 4 Is=8TeV, 20.3fb" IQ"— 1-2:_ [ RadISH + XH _:
:9‘ - e I ETE ATLAS pp—H % 1:_ I . 55555 XH = VBF +WH+ZH+ttH-+bbH _:
8 gk Run-| | © -1 Ty Run-Il -
: . 0.8 II -
c - e E
e I :
.......... i 0.4 . *' -
L R | e ey =
Ll | TR R | Ll | | - :_ _
8 | | | L | | | 16_ T T : ; —
T 4 £ 14r e -
i) E+E! @) 1.2 H= I I —
; - I B R
* 0 ! * I-E 06" a gen C L l _
L L PR T S (NN SN TN SR (NN TN ST T NN SRS ST SR NN SR ST SR T ST SR S (NN ST ST N AT SN ST T N R S 04_ I l l l l l l l ]
0O 20 40 60 80 100 120 140 160 180 200 0 10 20 30 45 60 80 120 200 350

Pt [GeV]

p:' [GeV]

More bins at high-pt and gain in statistical precision.
Not enough sensitivity to different generators (yet)
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@3) Production cross-sections in 4] channel
ATLAS

EXPERIMENT

oxB measured in several dedicated mutually exclusive regions of the phase space based on

w . . . .
= the production process. Production bins are chosen in such a way that the measurement
é precision is maximised and at the same time possible BSM contributions can be isolated.
- - simple fiducial region definitions for each Higgs production mode based on Higgs kinematics
P and associated particles — match experimental categories
= | Advantage: cross-sections can be interpreted in terms of Higgs boson couplings, and theory
LO .
a0 uncertainties enter only at that stage
T Two sets
- : : : Production bins Reduced : Reconstructed event categories
o of production bins considered: Stage 0 Stage1 |
99} . . :
§ Stage O (more inclusive == et ] . N=0
O o smaller | N | b <60Gev
P, statistical uncertainty) Lssrtipion]: | tiptiow
* 1-jet 60 < p." < 120 GeV E - i 60<p*<120GeV| N, =1
é and Reduced Stage 10) ee———— (SO : | 17" ocum
. . . 7> 120 GeV 4 ) ) p.*'>120 GeV
% (smaller theoretical uncertainties) o LSRR : | 1ot
& _ _ _ p;/ < 200 GeV : -enriched-p,-Low m, > 120 GeV
- e.g. exclusive jet bins and e I T .
— P> e : - e N, =22
@® H _ VBF-enriched-p,/-High s
M PT :
g Hadronic V decay _ Vi Had-enriched: m, < 120 GeV
S R — z
) too fine granularity for ooone oocnr  [SSURTERI]: | viepemcnes o2t
precise measurements in all
. E ttH
STXS Stage-1 bins => [ - T T
merge some categories s omss o oon | [18<m< 129G6VH

ri
A ' LAS * and p,* < 150 GeV sub-categories for tensor
.
+ Structure measurment 30
-




@ H—4l| Stage-0 production cross-section
ATLAS measurements

EXPERIMENT

Combination of Stage-0 production

@ Cross-section measurements:
(U n n
Q Correlation matrix 1
I | o
O ATLAS Preliminary >
- ., 08 %
- =
O I | I T I | | I | I I | I | I T I I I I | I I I I [ I | gg G 13 Tev’ 36'1 fb o-
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1 —
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ggF and VBF anti-correlated since VBF category
has large contribution from ggF production o
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@ H—4l Stage-0 production cross-section
AS measurements

EXPERIMENT

ATLAS preliminary

Stage-1 and bins merging
for intermediate Stage-1 ATLAS
measurements

(EWggH incl. VH — gqH )

.

) =

I m—
+) [=3]

gg—->H
Towards Stage- 1 Tem p|a’[e XS (1-fet, 120 < p < 200 GeV) E-EH B,, /B,

LA DL "L L S e e e e s ey e e
lil ATLAS Preliminary
_ 1
gg—H (1-jet, p" < 60 GeV) Vs=13TeV, 36.1 fb
" H—-yy and H>ZZ*—4l

g99—-H my =125.09 GeV, |y |<2.5
(1-jet, 60 < p'’ < 120 GeV) H

: gg—H (> 2-jet, p* <200 GeV . i = ! EH
measurement: orverke) T | e ]
: gg—H (= 1-jet, p" >200 GeV) . 0 | R 02040808 TI5Ta
9 categories O e g o) B Rancomaned
qq—Hqq (p’T <200 GeV) I I'E-E'I Measurement lef

Stat. uncertainty D

| |
99/qq —>HilHly I:-::j' Syst. uncertainty .
gg/qq —ttH E-$ SM prediction I

11 1 1 I IIIIIIII I 11 1 1 I 11 1 1 I 11 1 1 I 11 1 1 I 11

c, x B, normalized to SM 32




Additional detalls H —4l

Table 2: List of event selection requirements which define the fiducial phase space for the cross section measurement.
SFOS lepton pairs are same-flavour opposite-sign lepton pairs.

Leptons and jets
Leptons: pr > 5GeV, || <2.7
Jets: pr > 30GeV, |y| < 4.4
remove jets with: AR(jet, £) < 0.1
Lepton selection and pairing
Lepton kinematics: pr > 20, 15,10 GeV
Leading pair (mj7): SFOS lepton pair with smallest |mz — mee|
Subleading pair (m34): remaining SFOS lepton pair with smallest |mz — mee|
Event selection (at most one quadruplet per event)
Mass requirements: 50 GeV< myp < 106 GeV and 12 GeV< m34 < 115 GeV
Lepton separation: AR((;, €;) > 0.1
J ¥ veto: m(¢;, €;) > 5 GeV for all SFOS lepton pairs
Mass window: 115 GeV< myr < 130 GeV

If extra leptons with pr > 12 GeV:  Quadruplet with the largest ME

Table 2: Event selection criteria used to define the signal regions in the H— WW*— evuyv analysis.

Category Nie=0 | Nje=1 | Njet > 2, VBF

Two isolated, different-flavour, leptons (£ = e, i) with opposite charge
ead ublead
Preselection Prid>22 GeV , pyPe> 15 GeV
mee > 10 GeV

ERss ek 5 00 GeV
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Np e, (pr>20 Gevy = 0
Background rejection || Ag(£¢, E.';“ss) > /2 | max (m.‘r) > 50 GeV

pif>30 GeV Mer <Mz — 25 GeV
H-WW*sevuy mee <55 GeV Central Jet Veto
topology Ader< 1.8 Outside Lepton Veto
Discriminant Variable mr BDT

BDT input variables mji, Ay;j, mee, Adee, mr, Y, Ce, Y g j Mej, PY




H—yy inclusive and differential

Cross-section

Table 14: Summary of the particle-level definitions of the five fiducial integrated regions described in the text.
The photon isolation P02 s defined analogously to the reconstructed-level track isolation as the transverse

momentum of the syste?n of charged particles within AR < 0.2 of the photon.
Objects Definition
Photons Il < 1.37 or 1.52 < || < 2.37, p°*/p¥ < 0.05
Jets anti-k;, R = 0.4, pt > 30GeV, |y| <44
Leptons, ¢ eor u, pr > 15GeV, |n| < 2.47 for e (excluding 1.37 < |n| < 1.52) and |n| < 2.7 for u
Fiducial region Definition

Diphoton fiducial N, > 2, p%l > 0.35m,, =43.8 GeV, p%z > 0.25my, = 31.3 GeV
VBF-enhanced Diphoton fiducial, N; > 2 with IfTet > 25 GeV,
m;; > 400 GeV, [Ay;;| > 2.8, |Ad,, | > 2.6
Niepton = 1 Diphoton fiducial, Ny > 1
High Ef" Diphoton fiducial, EF™* >80 GeV, py” > 80 GeV
ttH-enhanced Diphoton fiducial, (N; =4, Npjes = 1) or (N; = 3, Npjers = 1, Np > 1)

Measured fiducial cross-sections
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Fiducial region Measured cross section SM prediction

Diphoton fiducial 55 + 9 (stat.) £ 4 (exp.) £ 0.1 (theo.) tb 64 +21b IN°LO + XH]
VBF-enhanced 3.7 £ 0.8 (stat.) = 0.5 (exp.) £ 0.2 (theo.)tb 2.3 +0.1fb  [default MC + XH]
Niepton > 1 < 1.39 tb 95% CL 0.57 £0.03fb [default MC + XH|
High E%‘iss < 1.00 fb 95% CL 0.30 £0.02 fb [default MC + XH|]
ttH-enhanced <1.27 tb 95% CL 0.55 £0.06 fb [default MC + XH ]
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H—yy inclusive and differential

| INFN
Cross-section Ly’”

More differential distributions...

-—-80"'I"'I"'I"'I"'I"‘I"‘I"'I"'I"'I"'I"' rrrr[rrrryrrrrprrrrpr e e e e e e et
0 . o) [ 1
= [ATLAS H—yy,\s=13TeV, 36.1fb" £ o2ofATLAS H—yy, (s=13TeV, 36.1fb" -
;; [ -¢- Data, tot. unc. = Syst. unc] = [ - Data, tot. unc. | Syst. unc.
S sok B8 gg-H defaut MC + XH | Ev [ | B gg->H default MC + XH |
2 . = | -
-8= - '@ gg—H SCETIib+MCFM8 + XH 1 i) 15_ Bl 99—HNNLOJET + XH ]
S5 XH = VBF+VH+ttH+bbH £5' XH = VBF+VH+ttH+bbH 1
40 | |
| 10 .

20

0 02 04 06 08 1 12 14 16 1.8 2 "2.2|"2|.4
y

™

Ratio to default MC + XH
—
Ratio to default MC + XH

ATLAS results on H(125) boson decays

ATLAS n—-'n. lil 13 TeV. 36 ' L)
4 Duta, wil use Syt une.
18 204 cotma MG+ 3

B zo-H e jwrsswc) - 04 |
B 5o o+ GoSameBrepa o X
151 XN VEF S VAN D0
Avi kR =04, 5 =30 GaV

08faTLAS B ggoH default MC + XH -
: H—yy,{s=13TeV, 36.1 fb! - gg—H Sherpa (vepsanLo) + XH:
[ -¢- Data, tot. unc. = Syst. unc. gg—H GoSam+Sherpa + XH |
S5 XH = VBF+VH+ttH+bbH
Antik, R=04,p >30GeV |

T vt T L DL DL B
| ATLAS H—yy,\s=13TeV, 36.1 0" |
-+-Data, tot. unc. ~ Syst. unc.

da,, (day) [b]

- gg—H Sherpa (versanco) + XH
gg—H GoSam+Sherpa + XH ]
= XH = VBF+VH+ttH+bbH
Anti k, R =0.4, p_>30 GeV

doy, / dm, [tb/GeV]
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@ Production cross-sections in yy channel
ATLAS

EXPERIMENT
The events satisfying the diphoton selection classified into 31 exclusive categories that are
optimized for the best separation of the Higgs boson production processes and for the
maximum sensitivity to the phase space regions defined by the stage 1 of the simplified
template cross-section framework. A combined fit to the event reconstruction categories is
then performed to determine nine simplified template cross sections (with |yH|< 2.5).

No sensitivity to all the 31 categories ==
merge categories
and fit in only 10/31 final categories

WagH Bves we z0 ooz vs oo [ tHg | HW
ATLAS Simulation H = yy, m = 12509 GeV

#1 lnp e {s=13 TeV, 36.1 fb™
Hip T ATLAS H—yy, m=125.09 GeV
tH lap H
HH ~ad BOTH H
™ ~pd BDTZ ggH (0 jet) — B ] E

I Sl BOTS
I+ Sad BOTS
™~ 41D
™~ 4P
VH diap

WH lop HIGH
WH g LOW
WH NET HIGH
WH MET LOW

ggH (1 jet, pi' <60 GeV) —

ggH (1 jet, 60 < p:' <120 GeV) — °

ggH (1 jet, 120 < p:' <200 GeV) | — E _

ol 85

WH had tight

Wi Sl ooke
VEF g, hgh =%
VEF locsa, hgs oY
WEF 1ght. low pl*
VEF ioose, ow gV
g ) BEM
aeH & HiOH
GoM 2J MED
aeH A LOwW

M 1) BEM

ogH 1J HiGH

goH 'J MED

ogH 1 LOW
asH 0 FWD
asH 0J CEN

ggH (= 2 jet) — o

qq — Hagq (P, <200 GeV) |— .
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ggH + qq — Hqq (BSM-like) — ‘e

VH (leptonic) — &

top — < ;
‘ I ‘ L1l ‘ L1 ! [ | [ | [ | | [
SM prediction 05 0 0.5 1 1.5 2 25

O 01 02 03 04 05 08 07 08 08 1 Measured o x B normalized to SM
Fraction of Signal Process / Category
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)

ATLAS

EXPERIMENT

N

S bbH merged to ggH

5

c s=13 TeV, 36.1 fb™'

3 ATLAS H— vy, m =125.09 GeV

@) H

O

2 ;

1 :
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2 i

2 VBF - 5 :

%) :

o

= VH — -

)]

O

(-

O

®

M

c top |- .

|9 (]
||||||I|I|||i||||||||I|||||||I

0 05 1 15 > 25

SM prediction Measured o x B normalized to SM

Measurements agree with SM predictions
within 20

Production cross-sections in yy channel

In general, all main production modes can be
probed in diboson decays

68% and 95% CL 2D counters VBF vs ggF
top and VH profiled in the fit

E‘ 4U_l I I | I I I | I I I | T 1 I | 1 1 1 | I 1 1 | I I 1 I_
= - ATLAS o= Best fit ]
> 35F Vs=13TeV,36.1 fb" —68% CL
1 - H —yy, m,=125.09 GeV «:95% CL 1
T 30 S —+SM —
& b :
X 251 ' —
° 20 =

15 =

o- e T . E

) e N B B I R =

100 120 140 160
Oy % B(H = 1) [1]

N
o
BN
o
o)}
o
(0]
o
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Higgs boson mass - yy channel

Source Systematic uncertainty on vy MeV]
5 LAr cell non-linearity =200
> LAr layer calibration =190
8 Non-I1DD material =120 . . .
ko Laterl shower shape ~110 Systematic uncertainties
- I1) marterial =110 b k d
O Conversion reconstruction =M rea own
8 & —+ ee calibration =)
O Background model =50
o) Primary vertex effect on mass scale =40
AN Resolution e
— . Py .
T Signal model =20
-
@)
= > N L B A A B |
=] @ 700~ —e— Data ATLAS Preliminary  —
) a | e Background Vs = -1 Z
) 2 : s=13TeV,36.1 b -
= - Signal + Background _ .
0 .§= 600 Signal m,=125.11GeV  —
j N 0 In(1+ s/b) weighted sum -
= =
< =
D -
Q —
- -
O -
-
® =
m —
CE) -
= -

.......................

m,, [GeV] 38

3, weights - fitted bkg




@ Higgs boson measurements in diboson
ATLAS final states - ttH

EXPERIMENT

4

80 fb ! taken at a center-of-mass energy of 13 TeV have been used to search for the ttH in the
H — ZZ*/yy decay channel (and combined with previous measurements using 36 fb7)

BDT analysis used in both
cases to discriminate
between signal and
backgrounds
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@a) BDT distributions in ttH analysis
ATLAS

EXPERIMENT

I I L Rl R e R e LA E R Ry EEAE= I B (= sty LAbn) REbad REEh) EEAR) RS LEEED RARLY RELR) ar="

3 - ATLAS ——DataSideband [ ] & - ATLAS —— Data Sideband | J

W - {s=13TeV,79.8 b L - Non-ttH Higgs 1 w - {s=13TeV,79.8 b L_iNon-ttH Higgs '~

S | Had region []fH o S | Lep region CJtH i
[S) . O i
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10_1__:'0- b — N l ) ' _: 2 _

e - T

L = - i o I LS S st B H i

- by e - 107 + 1+ 4| [ E

B : n B i _

IlIlIlllllllIlIllllllllllllllllllllllr lllll!llll —llllllllllllllllll L1 L1l Illlllilllllllllllll_

0O 01 02 03 04 05 06 07 08 09 1 0O 01 02 03 04 05 06 07 08 09 1

BDT Output BDT Output
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