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Introduction

JHEP 08 (2016) 0

ATLAS and CMS - Observed +10
LHC Run 1 I Th. uncert.
o LHC Run 1: T 4
o Discovery of the Higgs boson with the combination 2 ww jk
of dibosonic decay channels: LW o
H—~yy, H—ZZ, H— WW g = -1
o Property measurements: my = 125.09 4 0.24 GeV, T o
- w —F
spin, CP, ... I ww e
— in good agreement with the Standard Model (SM). 3 '« _
bb +
o LHC Run 2: W ——
o establish discovery in remaining decay channels / & " 4.
production modes (e.g. evidence of H — bb), e -
o Higher precision Higgs boson properties T ww I
measurements. Foow —
L P =

o [B norm. to SM prediction

— Focus on measurement in the H — vy, H — ZZ* and H — WW* using L = 36 fb~*
at /s =13 TeV:

o couplings and cross sections.
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https://link.springer.com/article/10.1007/JHEP08(2016)045

H — ~~: Couplings

arXiv:1802.04146

o H — ~ disfavored in terms of branching ratio but excellent m,., resolution O( 2%).
— Clean signal peak, fully reconstructed, extracted from well understood backgrounds
(v, v + jet, di-jet). . . . L
o Measurement beased on maximum likelihood fit on m, distribution:
o signal function double-sided Crystal Ball,
o background functional form - limiting the potential bias on the fitted signal.

3 T T T 3 L B e LA e e o
8 Data s ] L
3 Background r 13 TeV, aswb | ATLAS 1 +—e— Total +—o—
5 —— Signal + Background =125.09 G ] Vs=13TeV, 36.1 fb" otal Stat.
g _F — Signal E| L
= so0f- In(1+S/8) weighted E - =
PR n( +s ) weighted sum - — H —yy, my=125.09 GeV Total  Stat. Exp. Theo.
E ] 406 [+06 +01 401
400 E Wop = —o— Wy = 05 Tog [Zos o1 “oo ]
= I _ 409 [+08 +02 +02
e E Yo — *—i Wy = 07 Iop [-us —02 -0t }
200 3 _ 406 [+05 +03 +03
£ q Moer [ H—e—r Wy = 20 o5 (163 262 262 ]
100~ < +019 [ +0.16 +0.07 +0.07
E k| Hagh = red g =081 toie (26t ot 0% ]
E _ ]
) ' ; o 1015101z rass o0
: Honp [— mHovio  1e1 Bouns =099 “oia [ T2 “o0s Loos
. £028 [+023 +0.10 +0.12
£ Heung [— soemo o Mooy = 117 -025[ 023 -008 cua}
g I I N AU B
m

Signal strength

fiRun-2 = 0.997%73 (stat.) T4 (syst.)*9 00 (th.)

@ Improved by x2 factor the Run 1 uncertainties.
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https://arxiv.org/abs/1802.04146

H — ~~: Simplified Template Cross Section

arXiv:1802.04146

o Simplified Template Cross Section:

o fiducial cross-section

o exclusive region defined at particle level,

e maximizing the experimental sensitivities,

o reducing the dependency on the theory uncertainties.
o Stage-0: measurement of the production mode o x BR(H — ~7) with |yn| < 2.5.
o Stage-1: finer granularity

(s=13 TeV, 36.1 fb” (5=13 TeV, 36.1 fb”"
ATLAS H—yy, m, =125.09 GeV ATLAS H—yy, m,=125.09 GeV
ggH (0 jet) [— —.—
ggH - —
agH (1 jet, plf <60 GeV) (— —_— e
9gH (1 jet, 60 = p'' < 120 GeV) |- —_— e
VBF - _——— 9gH (1 jet, 120 = p!! <200 GeV) |- = @,
9gH (= 2jet) [— —_—
VH —4m8 ———————— qa — Hag (p) <200 GeV) — ——
9gH +qq — Haq (BSM-like) (— R ——
VH (leptonic) - ———————————
toppr  ————————
top|— 15
vl b b b b L T BT BT S WA W
15 2 25 SM prediction -05 0 05 1 15 2 25
SM prediction Measured o x B normalized to SM Measured o x B normalized to SM
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H — ~~: Fiducial cross-section

arXiv:1802.04146
Nlig
cfLdt"
o correction factor for detector inefficiency and resolution ¢y, = 0.75 4 0.03 from MC
o Compared to several state-of-the-art gluon-fusion Higgs theory predictions.
o Measurements in several fiducial regions, targeting H prod. mode, or sensitive to
BSM.

o Fiducial cross-section: o(pp = H — vv) =

— T T
ATLAS

Ofid

o otV = 6442 fb

Diphoton fiducial

VBF-enhanced

Niepon 21

High ET**

ttH-enhanced

55+ 9 (stat.) £ 4 (syst.) £0.1 (th.) fb

H_yy,s=13TeV, 36110
—4- Data, tot. unc. Syst. unc.

u
i
]
9% CL
I
95% C.L
u
959 CL.
B

I

m,, = 125.09 GeV

B NLo+xH

Ml 99 -H default MC + XH
Bl Powheg NNLOPS + XH
[l XH = VBF+VH+ttH-+bbH

2x10°" 1

M| L
2 3456 10 2030 10°

Gy [fb]

@ Main systematic uncertainties: luminosity (3.2%), photon energy scale and resolution
4%), background modeling (4%
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H — ZZ* — 4/¢: Cross-section measurement by prod. mOdﬁilEP -

Low branching fraction: BR(H — 4¢) ~ 0.0125%

Main bkg. from non-resonant ZZ* production.

60

T
ATLAS
H->272 >4
13TeV, 36.1 16"

50

Other bkg. (Z + jets, top) strongly suppressed by selection

Events /2.5 GeV

Production cross-section measured inclusively, and in STXS
regions:

0-BR(H — ZZ*) = 1.737%3% (stat.) 919 (syst.) & 0.04(th.) pb

80 100 120 140 160
mgonstaned [GeV]

o (0-BR(H — ZZ*))sm = 1.34 +0.09 pb

R R B B B B T T T T
ATLAS %) Expociea s — ATLAS # Expected SM —
N | Hozz 54 Y ovsonect S sys |
- Hozz—>a MR ocservec: St Sy2 7 13TeV, 36.1 b S precicton
T ser I | Renees S 11 <25 e
|| Seeeohnl< oBIbl (o8, b]_| L oBllo] (@B, ] |
-
u . .
9oF 1810725 1180480 -, -
| = | goF-tj-pi-Low | T e |
: —— +
vBF - a707l%  s28:28 99F-1/-p-Med = e
. e - - [ —— 1
L | aoFypiHigh | uss |
—
<200 . 2
v W s ooF2j | <58 .
E VBFpiLow | o
<120 411 .o/ -Hic - - 5 60'%
HtH |55 s cL) 154713 VBF-p/-High | o
VH-Had 3 B oy _
Inclusive ‘E 1730720 1340490 VH-Lep 5 oy et
. . I ; i By e
0 2 4 6 8 10 12 14 =4 L L L L 1=
6Bl(cB) 0 2 4 3 8 10
s -Bl(cB)

'sm
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H — ZZ* — 4/¢: Fiducial cross section

JHEP 10

o(pp = H — ZZ* — 40)

Cross section [fb] Data (+ (stat) + (sys) ) LHCXSWG prediction p-value [%] 4 Daa
Cin 092 10 00T 0.880 + 0.039 88 ATLAS 7 syst. uncenaiies
e 0.67 *ozo 00w 0.688 £ 0.031 96 H - zz5 - 4l 3 oone s N0
Tauze 0.84 02 H009 0.625 +0.028 39 13TeV, 36.4 b B NNLOPS  XH
Taeau 118 oo HohE 0.717 £ 0.032 7 AU HRes 23, NNLONNLL + XH
Cipite 1.59 t§;§§ tg;ig 157 +0.07 B _ _
Oou2et2e2u 2.02 s Ml 1.34 +0.06 6 Z.4 Tk ook
Tsum 361 +£050 1938 291 +£0.13 19 5.6k ha sk
Ocomb 3.62 +£0.50 1030 2.91 +0.13 18 g b sk 20E
ot [PD] 69 0 +5 55.6 +£25 19 2..F o b
o = = 0
5 1= 25F 50 * i
0.8F 2 * 40 +
@ The 2e2u and 2u2e fiducial cross sections are osF 15’* . 3
. . . 0.4 1 20
higher than the predictions .3 3 wf

@ The combined fiducial cross and the LHCXSWG o ot ot ot
prediction differ by 1.3 &
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H — vy and H — ZZ* coupling combination

ATLAS-CONF-2017-047

o Combination of measurements of Higgs boson production in H — vy and H — ZZ*

LRun 2 = 1.00 & 0.09 (stat.) T99% (syst.)*2% (th.) =1.09 +0.12

0.05

o ATLAS+CMS Run 1 combination (no N*LO ggH): pirun 1 = 1.097%35

o universal coupling-strength modifiers, ke (for all fermions) and kv (for all bosons):

. _.2._SM k?r?M
o(i—=H—=f)=kic; arsm

o om T T AR R 2B
/:ILAS Preliminary X *  SM prediction ATLAS Preliminary
5=13TeV, 36.1 fb° )
~H (Let, p!! <60 Gt ' + Bestfit = L
09 ~H (Ljet, ! <60 Gev) .E b a2z al ‘ V5= 13TeV, 36.1 1
99 -H m,, =125.09 GeV, |y _|<2.5 2 Combined 68% CL H - yyandH -2z* -4l
(1-et, 60 < p* < 120 Gev) " Combined 95% CL

g -H m,, = 125,09 GeV

(1-et, 120 < p¥ <200 GeV)

H vy 68% CL

99 -H (>‘Z]e( D”<ZOUGEV 1.5 = H ~2ZZ* -4l 68% CL .
or VBF-like)

90.-H (x i, 2200 G R radm

+qq ~Haq (), 2200 Gev)

0 - 0, <200 G ey e 1

Stat. uncertainty [ |
e = swpreaion ] 05

-1 0 1 2 3 4 5 6
0, x B, normalized to SM

or

7 08 08 1 11 12 13 L

P
<
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H — vy and H — ZZ* cross section combination

ATLAS-CONF-2017-047

o Combination of fiducial and differential
cross-section measurements in H — ~~ and

H— ZZ* = ; ; ‘ ‘ ‘ ‘
i = [ ATLAS Preliminary — O, 4 m,=12509GeV ]
nEiE = 100)
= BB A~ T7T 5 . L77% QCD scale uncertainty
¢ U(PP - H) BR'A'C'f L dt c:é é:omgﬁe::a;au “ mm Total uncertainty (scale 01 PDF+a,)
o A acceptance correction fiducial— full phase 801~ systematic uncertainty B

space: ~50% H — vy, ~42% H — 4¢

o(pp — H) = 57.057 (stat.) 35 (syst.) pb

Vs=7Tev, 45"
o Perfect agreement with theory: BooTey WA 1

o(pp — H)sm =55.0£ 2.5 pb A R R 2T

10 11 12 13
. . . (s [Tev]
o Individual decay channels are compatible with a

p-value of 14%.

o Results presented also as differential cross-section in bin of:

° H H . 1

P ¥y, Miets, PR

o sensitive to perturbative QCD calculations, PDF, modelling of high-pT quark and gluon
emission

o Excellent compatibility of 42 and ~~ for all the observables: p-value > 40%
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H — v~ and H — ZZ* differential cross section Combin%tIiERS—CONF—ZO

[pb/GeV]

H
T

do/dp’

Theory/Data

o [pb]

Theory/Data

Stefano Manzoni
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-002/

* . q - q
H — WW* — evpuv: production cross-sections ATLAS.CONF.2018.0

3 2000F— T T AR
© 18000 ATLAS Preliminary A\ Unceniny
= 1600F H-WW* ~evu, N <1 =:'VW ]
% 1400f VS=13TeV,36.1 10" [ wisia 1
= mazy
o Signal consists of two prompt isolated leptons #1200 q =
produced with a small opening angle and missing 1
transverse energy
o Background:

o Dominant: WW, tt,tW, Z/~v* — 77
constrained with data control regions
Mis-identified leptons in W + jets and multijets
events: fake factor methods from Z + jets data
o Other diboson (WZ, ZZ, W~) from MC

o ggF production measured in 0,1j events
o discriminant

Data-Bkg.

E T T T T
_ {44 miss 2 144 miss |2 g TLAS Preliminary +ou L0
mT = \/(ET + ET ) - |pT + ET | a M AWW‘Aevuv‘N\exE2VEF=:z E;"'y‘"

=13TeV, 361" [ mw
AN Uncertainty

o VBF production measured in > 2j events
o BDT discriminant built from jet/£ kin., m;j, myg, R
Ay, Apee R

oMbl vl il ]

15 2 25 3
BDT score
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H — WW* — evpuv: production cross-sections

ATLAS-CONF-20
o Signal strengths:

pegr = 1.21707] (stat.) 517 (syst.) = 1.217551
pver = 0.62793%(stat.) 4+ 0.22(syst.) = 0.627%37

o Precision as good or better than the Run 1 combination
(AR 08003, (LA = 15181
o Cross-section time branching ratio:
Oger - BR(H — WW?*) = 12,6733 (stat.) T35 (syst.) pb = 12.6733 pb

over - BR(H — WW*) = 0.507%3%(stat.) + 0.18(syst.) pb = 0.507932 pb

— 20 v v v v v
2 — 68%CL ATLAS Preliminary
- sk — 95%CL Vs=13TeV, 36.1 fo~'

=z "2 * Bestfit

H + sM

& 10f

]

g osf

0.0f
-0.5F . . . . . b
-5 0 5 10 15 20 25

Oggf * Broww* [pb]

o 1 o compatibility with SM prediction
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Conclusion

o With Run 2 data, we are entering the precision era; analysis of the diboson final states
is allowing measurements with precision better than Run 1.

o Analyses of the 201542016 dataset (36 fb™') are a milestone in preparation for the
Run 2 legacy papers.

@ The new results obtained in Run 2 confirmed the good agreement between Higgs
boson measured and expected properties.

o More data are required to test with more accuracy possible tensions between theory
and experiment.

@ 44 fb~! recorded at /s = 13 TeV in 2017 and 2018 LHC data taking has just started
— looking forward new results exploiting the whole Run 2 statistics!
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Higgs Mass measurement Ao o

e m}) =125.11+0.21 (stat.) = 0.36 (syst) GeV
o Limited by photon energy scale systematic uncertainties

e mf? = 124.88 +0.37 (stat) 4 0.05 (syst) GeV
o Higher statistical uncertainty — smaller o X BR
o Smaller systematic uncertainty — measurement driven by 4-p final state.
o Good agreement between two channel measurements:
Amy = 0.23 4+ 0.42 (stat) £+ 0.36 (syst) GeV = 0.23 + 0.55 GeV

———7— 7
ATLAS Preliminary
—— Syst.
V5 = 13 TeV, 36.1 b Toal || st X Sys
Total  Stat. Syst.
LHC Run 1 125.09 £ 0.24 (£0.21£0.11) GeV
H—ZZ*—41 124.88 + 0.37 (£ 0.37 £ 0.05) GeV
H-yy 125.11+0.42 (+0.21+ 0.36) GeV
Combined [ — 124.98 +0.28 ( +0.19 + 0.21) GeV
U S S S S N S ST ST SN NN ST SHT SR S NN ST S ST SR SN ST SR S S
124 124.5 125 125.5 126 126.5

my, [GeV]

o Excellent agreement and similar precision to Run 1 ATLAS+CMS
— Preliminary result with inflated photon systematics: improvements underway!
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STXS framework

ATLAS-CONF-2017-047

ATLAS preliminary

(H + leptonic V)

' [ i ‘

I
N e G ] !
=

) [zowre |

=3

P 10,150]

py [150, 00]

+)

+
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Coupling categorization

arXiv:1802.04146

Category Selection
tH lep Ofwd Niep = 1, NES2 < 3, Ny _tag > 1, N4 =0 (;f;‘ > 25GeV)
tH lep 1fwd Niep = 1, NS < 4, Npoag > 1, NI > 1 (95" > 25 GeV)
ttH lep Niep 2 1, NS > 2, Ny_tag > 1, Zgg veto (p* > 25 GeV)
tH had BDT1 Niep = 0, Njets > 3, Ny—tag > 1, BDTyq > 0.92
tH had BDT2 Niep = 0, Niets > 3, Np—tag > 1, 0.83 < BDTyp < 0.92
ttH had BDT3 Niep = 0, Niets > 3, Np—tag > 1, 0.79 < BDTyp < 0.83
ttH had BDT4 Niep = 0, Niets > 3, Np—tag > 1, 0.52 < BDTyepq < 0.79
tH had 4j1b Niep = 0, NES8 = 4, Np_tag = 1 (pJ_;‘ > 25GeV)
tH had 4j2b Niep = 0, NES2 = 4, Np_tag > 2 (5" > 25 GeV)
VH dilep Niep > 2, 70GeV < myp < 110 GeV
miss
VH lep High Niep = 1, [mes — 89 GeV| > 5GeV, pi 1 > 150GeV
VH lep Low Niep = 1, [mey —89GeV| > 5GeV, py T < 150 GeV, B2 significance > 1
VH MET High 150 GeV < ERIss < 250 GeV, BRI significance > 9 or BRI > 250 GeV
VH MET Low 80 GeV < LR <150 GeV, ER'ss significance > 8
jet BSM pr.j1 > 200 GeV
VH had tight 60 GeV < mjj < 120 GeV, BDTyy > 0.78
VH had loose 60 GeV < mj; < 120GeV, 0.35 < BDTyy < 0.78
VBF tight, high pi“ [An 5] > 2, [nyy — 0.5(n51 +mj2)| < 5, pi” > 25GeV, BDTypp > 0.47
33

VBEF loose, high pg [Anji| > 2, [nyy — 0.5(n51 + mj2)| < 5, pE” > 25GeV, —0.32 < BDTygr < 0.47
VBF tight, low pr??  [Anj;] > 2, |7y — 0.5(nj1 + m52)| < 5, pp?? < 25GeV, BDTygr > 0.87

VBF loose, low p%“ [An;5| > 2, 14y = 0.5(ni1 +mi2)| < 5, pr’? < 25GeV, 0.26 < BDTygp < 0.87
ggH 2] BSM > 2 jets, p%” > 200 GeV
ggH 2J High > 2 jets, p;. € [120,200] GeV
ggH 2J Med > 2 jets, pf € [60,120] GeV
ggH 2J Low > 2 jets, pﬁ € [0,60] GeV
geH 1J BSM =1 jet, pJ." > 200 GeV
ggH 1J High =1 jet, pf € [120,200] GeV
ggH 1J Med =1 jet, p)?: € {60,1]20] GeV
ggH 1J Low =1 jet, p." € [0,60] GeV|
gegH 0J Fwd =0 jets, (;rne photon with |n| > 0.95
ggH 0J Cen = 0 jets, two photons with |n| < 0.95
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H — ~v: Coupling categorization -

[ ggH [ ver i wH [Iiz+ [IloozH (Il - bbH [ tHa | tHwW
ATLAS Simulation  H —yy, m, =12509Gev

ATLAS Simulation H —yy, m, =125.09 Gev

tH had 4i2b

@ bbH
VHdiep s HW 09 2=
VHlep HIGH S Ha -]
I
VH lep LOW 2 99 — Hll (= 1-jt, p/ = 150 GeV) g
VH MET HIGH 9g = Hil (0-jet, p! = 150 GeV) 08 &
2] 9972 Hlp) <150 Cel &)
X — Hil (p} =250 GeV) <
£ g — HI (= 1461, 150 =i < 250 GoV | | 0.7 >
] qanIHﬂml 1505 p! <250 Ge £
= HIp: <150 G 5
v (p! =250 Ge = 06
= Hiv (1500 180 =5 550 G0 | <
qq — Hiv (0-jet, 150 = p? <250 Ge\ 2
a -~ Hiv (b < 150 Go 05 2
9a — Haq (p! =200 GeV) | O 2
a9~ W'Wﬂ [
g - Hag
i - Hag (VBF-like, 3-jeh 0.4
g~ Hag (VBF-
H (VBF-ike,
H(VEF like, 3-jet veto) 0.3
(= 27ot, i 200 GoV)
aoH (5iet 120 b < 200 GeV’ .
B0H (~ 2361 60 3 p! < 120 GV 0.2
gH (= 2, p; < 60 Ge)
9gH (1jet. p; = 200 GeV) (]
agH (Jen, 120 25 = <200V i 0.1
ggH (1-et, 60 < p: <120 GeV) | -
o et <50 GV |- ¥
9gH (0-jet) I i 0
Zozoz=30%>2 zg82 H
geagtactea; 8as Z
22323333 SIEE £l
0 01 02 03 04 05 06 07 08 09 1 :5;; T I:II§ i>:: H
. EEEEEEEEEY] $ EE =
Fraction of Signal Process / Category w
g Category
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H — ~~: Additional couplings measurement

arXiv:1802.04146

Process Result Uncertainty SM prediction
(lyu| < 2.5) Total Stat.  Exp. Theo.
0.10 0.09 0.04 0.04 0.005
OVBF/OggH 020 *Gop Tooe  Toor  tooe 0.078*5:006
0.06 0.06 0.0 0.01 0.004
Ovi/Ogent 0.04 58 Bty A s Sy 1 0.04515:005
0.010 0.010  +0.002  +0.002 0.001
Otop/Tagh 0.009  “505 Too0s  tooor  Tooor 0.012+5:06
= 40— T A na e e e A ASAAE AN
= [ anas & Bestfit 7 1.8 atLas 4 Bestfit
E 35 Vs=13TeV,36.1 1" —68%CL 160 Vs=13TeV,36.1 b —68%CL
1 F H—yy m,=12509Gev ..95% CL 1 E H-—yy m,=12500GeV «95% CL 1
T 30 : ~+SM - 1.4 * SM
[v1] E ] i
x 250 E 1'25 wIwers E
& ¢ ] 1 reTnTh e E
© 20k = 0.8 3
15; é 0.6?
E 3 0.4F E
10~ = E |
£ B 0.2 =
5;\\\\\\\\\\\\\\\\\\\\\\\\\\\\; G:Hw\HHMHw\wHw\HH\HH\HH\HH\HH:
20 40 60 80 100 120 140 160 06 07 08 09 1 11 12 13 14
Oggh X B(H — vy) [fb] Ky
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H — ~~: Fiducial regions

arXiv:1802.04146

Objects Definition

Photons [n] < 1.37 or 1.52 < || < 2.37, px"%/py, < 0.05

Jets anti-ky, R =04, pr>30GeV, [yl <44

Leptons, ¢ eor yu, pr>15GeV, || <247 for e (excluding 1.37 < || < 1.52) and |n| < 2.7 for p
Fiducial region Definition

Diphoton fiducial N, >2, p3 > 0.35m,, =438 GeV, py’ > 0.25m,, = 31.3 GeV
VBF-enhanced Diphoton fiducial, N; > 2 with ‘zifﬁ > 25 GeV,
mj; > 400 GeV, [Ays;| > 28, [Ady, ;| > 2.6

Niepton = 1 Diphoton fiducial, N, > 1
High Exiss Diphoton fiducial, ER® > 80 GeV, pi” > 80 GeV
tt H-enhanced Diphoton fiducial, (N; >4, Nijets > 1) or (N; >3, Nigjers > 1, N, > 1)
Mo EEver (ove EEzH EBooz+ Wt EEboH Dt W
ATLAS Simulation H—yy, m, =12509 GeV

Diphoton fiducial

VBF-enhanced

N,

epton = 1

High ET**

ttH-enhanced

0 01 02 03 04 05 06 07 08 09 1
Fraction of Signal Process / Fiducial Region (after reconstruction)
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H — ~~: Differential cross-section

arXiv:1802.04146

T T T T T
B o-Hastauniic o i [ Powheg NNLOPS + XH_|

4 Data, tot. unc. [ Syst. unc.

5

£ pLATLAS
2

° 3TeV, 36.1 0"

ES
S 2
H
3 |
f e e e
H
- =0 = El =T
< T T T T T = T AARIAARARSSANASR SRS < T T T T T
T ATLAS Hoyy, (5=13TeV, 36.1fb" £ ATLAS Hoyy, (s=13TeV, 36.1 1" T ATLAS Hoyy, $5=13TeV, 36.1fb"
% - Data, tot. unc. |77 Syst. unc. = 4 Data, tot. unc. [ Syst. unc] g 4 Data, tot. unc. 77 Syst. unc]
2 1 = £ ]
. B gg - H default MC + XH 2 g0l B gg - H default MC + XH = 49—~ H default MC + XH
s o HRes23+XH g 1 g ~H SCETIb+MCFMS + XH s Bl 90 - H NNLOJET + xH
) B ReaisHonnLOzET + XH 5 XH = VBF Vst bbH g 8] 0 ~H SCETID (5TW) + X1
ot 5 XH = VBFAVHHDbH 4 10 10 XH = VBFHVHHIH +bbH
antik, R=04,N,, 20
%
20
107 -
102 3

n
N

Ratio to default MC + XH
|

Ratio 1o default MC + XH
PR

%l '

Ratio 10 default MC + XH

02 04 06 08 1 12 14 16 18 2 22 24 50 100 150 200 250 300 0
[ Pl (Gev]

Stefano Manzoni (INFN-MI) Higgs properties 7th May 2018 21 /13


https://arxiv.org/abs/1802.04146

H — ZZ* — 4¢: Coupling categorization

Production bins

Reduced

Stage 0 Stage 1

0-jet e
: [ wo ] o -
1 <60 GeV P, <60 GeV
a 1j-p,"-Low
1-jet 60 <p." < 120 GeV - - 60 <p;"' <120 GeV| N, =1
p;H>120 GeV Py >120 GeV
> 2ets
py/< 200 GeV VBF-enriched-p -Low <——— m,>120 GeV
VBF-p/-Low
VBF-p,-High VBF-enriched-p /-High ~—————— o
Hadronic V decay m, <120 GeV
VH-Had-enriched!
Leptonic V decay 4 - N, =5
: tH

% 1: VH-Had enriched is divided into p,* > 150 GeV'

ATLAS

«and

Reconstructed event categories

118 < m, < 129 GeV

P, < 150 GeV sub-categories for tensor

* structure measurment
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H — ZZ* — 4¢: BDT discriminator

o To further increase the sensitivity BDT discriminants are introduced in reconstructed
event categories with a sufficiently high number of events

Reconstructed event category BDT discriminant_Input variables

0j BDT,r A mae, Dzz-

1-pf-Low BDTUA ™™ gy, ARGA0)

1j-ph-Med BDTYH e Vo, mys AR(j,40)

1j-pi-High - -

VBF-curiched-pj-Low BDTyor g, A P PR i AR, (0297 comtrained
VBF-enriched-p-High - -

VH-Had-entiched BDTy i1t Mg Ay P P2 Ml ARSE iy

VH-Lep-enriched
ttH-enriched - -

2 o0F T T T E) r T T ] e 8 T T ‘ata |
$ VraTLAs = ogF S 14 ATLAS 41§ ATLAS >, Ver
K4 £ VBF 2 L 1 3 7F = ggF B
b 18FH 2z 54l - VH W, FHozz >4 1 o Ho— 2z >4l =
o | - 12F \ - " -—
16 [-13TeV, 36.1 fb ﬁ;/wv 13 Tev, 36.1 fo -ézv w ] gL 13Tev. 361 10 _‘z‘;v w
E 118<m, <129 Gev e Y [ 118<m, <129 GeV Y ] 118 <m,, < 129 GeV eV, Vi
14 Fo o Grceray 10 Fafton o Grcaray B g | e o Craranty
2 8 1
: i3 E 3
4r 3 2
2F E 1
ot ] 0
1 X — 0.5 1
1j-pé-Low 1j-pi-Med
BDTQQF BDTyg¢ BDTyer
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H — vy and H — ZZ*: additional combination results LA O AT

=y
aoF ATLAS Preliminary S 40— Combined 68% CL ATLAS Preliminary
5 =13Tev, 36.1 b & o - Combined 95% CL Vs=13TeV, 36.1 fb"
: H - yyandH -zz* -4l c e - H - yy 68% CL H_yyandH-zz+ 4l
- my = 125.00 GeV. y, |<2.5 30 H - ZZ* .41 68% CL
E -2z~ m,, = 125.09 GeV, |y, |<2.5
ver o e “ "
25F * Bestft E
: E I sM™ prediction B
i Measurement ~ he{ 20 =
W - : E
tat. uncertainty | | 5L 3
: Syst. uncertainty D E B
: 10— 4
ttH EE SM prediction I E 3
. 5 =
PR R IS B RSN B F B

-1 P I B AP AR AN BT

. " 0 40 50 60 70 80

Cross section normalized to SM 0, [Pb]
99

o Two-dimensional compatibility with the SM prediction corresponds to a p-value of 3%
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H — WW* — evpuv: Signal and Control region definitio/&lﬁ A

o Signal Region definition

Category Niew =0 | Nw=1 | Niew 22, VBF

Two isolated, different-flavour, leptons (¢=e, 1) with opposite charge
P S22 GV, pitierd > 15 GeV
e >10 GeV'
s ok 90 GeV |

Preselection

Nyjet, (pr>20 Gev) = 0

Background rejection || A¢(€4, Ef**) > /2 | max (mf) >50 GeV' |

PE>30 GeV Mo <myz - 25 GeV'
H—s WW*— evpv My <55 GeV Central Jet Veto
topology Agy <18 Outside Lepton Veto
Discriminant Variable mr BDT
BDT input variables M Ayjg mae, Adee, mr, 3 Cr X g mug, P
o Control Region definition
CR | Niee =0 | Nie =1 | Niew>2, VBF
55 <mygp <110 GeV mee >80 GeV'
ww Ay <2.6 _ |mrr —mz|>25 GeV'
b-jet veto
| mf>50 GeV
Nijet, (pr>30 Gevy = 1 .
Ny 5 30 Gavy > 0 b-jet, (pT>30 Ge Ny N=1
b-jet,(20 GeV<pr<30 GeV) Nhjct,(ZU Gev<pr<ao Gov) = 0 b-jet,(pr>20 GeV)
Top-quark A (Ul, B5) > /2 max (m4) >50 GeV’ Central Jet Veto
P > 30 GeV M, <my — 25 GeV
Agpy <2.8 | Outside Lepton Veto
no EF™ "% requirement Outside Lepton Veto
7 5y mee < 80 GeV' Central Jet Veto
Adper > 2.8 mer >mz — 25 GeV
Nijet, (pr>20 Gev) = 0
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* . i
H — WW* — evuv: Control regions LA EEN

o Control regions for the WW, top-quark, and Z — 77 processes for Nt = 0,1

3 T T T T 3 T T T T T T T 218000 T T T T T

imi - oaa imi ~+ D ~+ oaa 3
° 1200F- ATLAS Preliminary N Uneeraimy o ATLAS Preliminary N neeay 3 o ATLAS Preliminary N Uy ]
Sl H-WW* ey, Njs = 0 [k N H-WW* —evpv, N = 1 ww 3 SI6000E Hww: - evuv, Niu =0 . w
> - 3 = - 3 mw = - i mw
2 1000 (5=13TeV, 36.1 2 =13Tev, 36.1 1 e 3 meowo 5=13Tev, 36,11 e E
] g [=ET
O gy I o O i

I iogs

L L
0 100 150 200 250 300 350
m; [GeV] my [GeV] m; [GeV]

@

o VBF top-quark and Z — 77 control regions

DAL AR AAARSRROAL
ATLAS Preliminary 0w
H_WW‘_EV;W.NﬂEZVEF.:;;

\5=13Tev, 361 1 =

N Uncertainty

T
4500EATLAS Preliminary ;"“

4000 EH ~WW: - eviv. N w22 VBE

3500
N Uncertaingy
3000F E

2500
2000
1500
1000

500

Events
I
Events

(5= 13Tev, 361 15" =
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ATLAS: A Toroidal LHC Apparatus

o General purpose experiment
o precise measurement of SM
o search for new physics beyond the SM
@ 44 m long, 25 m of diameter and mass of about 7000 tons

o Four sub-detectors.

@ Inner Detector:

o charged particles tracking MuonDgtecan Tl Cowmete Ui Agen Colormele
. . A / \
o reconstruction of interaction and ‘

secondary vertices

@ Electromagnetic Calorimeter:

o electron and photon energy and
position reconstruction

@ Hadronic Calorimeter:

o detection of charged and neutral
hadrons

@ Muon spectrometer:

/ | \
o identification of muons and Toroid Magnefs  Solenold Magne! SCT Tracker Pixel Defector TRT racker
measurement of the muon momentum
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