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Introduction and outline

From LHC Run-1 dataset: Higgs discovery and first property measurements
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clean experimental signature

targeting H production modes —  ATLAS Total Staf
. . . . _ 1 —e—i Total +—*— Stat.
signal yield from simultaneous S+B fit | Vs=13 Tev, ?251(;86 Y
of the myy distribution A=y, my=125.09 Ge Total  Stat. Exp. Theo.
XY +0.6 [+oe +0.1 +0.1 ]
| o | B _ 05 *° 6 +01 +0.
> background function - limiting the potential H1op e “1op ~06 L-05 01 00
I I I +0.9 +08 +02 +0.2
b.las on the .fltted S|gnal. L - n, =07 o5 [T08 Ton 0% ]
» signal function double-sided Crystal Ball P
MVBF B H—@—H W = 2.0 o5 [—0.5 -02 -02 }
+0.19 [ +0.16 +0.07 +0.07
> L L L u — - ho, =081 _ [—0.16—0.06—0.05}
& bt D __ATLAS et St S A LT
P [ --eeee ackgroun =13 TeV, 36.1 fb s +O1 +0.12 +0.06 +0.07
& [ — Signal + Background mH=1zg.09 GeV Rauna [— sHenio e Mounae = 0-99 - ta L2042 7008 “o0s |
= 50~ — Signal In(1+S/B) weighted sum +0.28 [ +0.23 +0.10 +0.12
N Moy [ sstemo e w, =117 oze[ 0.23 -0.08 —008}
11 1 I 11 1 1 I 11 1 1 | 11 1 1 | 11 1 1 I L1 1 1 | 11 1 1 | 1 1 1 I 11

400

0 1 2 3 4 5 6 7
Signal strength

300

200

100

URun-2 = 0.99 +0-12_5 yo(stat.) +0-6_9 5(Syst.) +0-7_9 5(TH.)

nN
o

lll]”"l'”_lIllllllllllllllllllll

—y
o

Improvement of ~ factor x2 on all
........................... uncertainty components
m.. [GeV] with respect to Run-1 results

o

L
o

[
——

Y, weights - fitted bkg



https://arxiv.org/abs/1802.04146

H—yy couplings

clean experimental signature

analysis event categorization
targeting H production modes

signal yield from simultaneous S+B fit
of the myy distribution

» background function - limiting the potential
bias on the fitted signal

» signal function double-sided Crystal Ball

> L A B R R B B R RN
3 -~ ¢ Data ATLAS

g 600F~ -..... Background s =13 TeV, 36.1 fb"
S - —— Signal + Background m,, = 125.09 GeV

2 500~ — Signal In(1+S/B) weighted

o ghted sum

300

200

100

lll]”“l'”_lIllllllllllllllllllll

2
L0
o] 20
Q
£
< 10
2
5 0
2 + |
W -0 =
110 120 130 140 150 160
m,. [GeV]

arxiv 1802.04146
36.1fb-1 @ 13TeV

Production mode cross-section x BR(H—yY)
(rapidity region |yH|<2.5)

Simplified Template Cross-Sections (STXS)

Exclusive regions, reducing theory dependence
while maximising experimental sensitivity:

{s=13 TeV, 36.1 fb”
H — vy, m =125.09 GeV

ATLAS
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H—Yyy fiducial & differential measurements

arxiv 1802.04146

> Differential cross-sections as function of Higgs and jet kinematic
variables: pT(yY), (YY), N(jets), ...

> Compared to several state-of-the-art gluon-fusion Higgs TH predictions

36.1fb-1 @ 13TeV

> Measurements in several fiducial regions, targeting H prod. mode, or sensitive to BSM effects

XS(pp—~H—YY)
omeas, . =55 + 9(stat.) + 4(exp.) = 0.1(theo.)fb
GSMﬁd =64 + 2fb

dO'i NiSIg

dx c,-Ax,-det,

jet-exclusive jet-inclusive
| | I UL | | | I UL | | | I UL
[ = L A O I A B
ATLAS 9 ° g 103 . ATLAS _| B gg—H default MC + XH Powheg NNLOPS + XH _|
Diphoton fiducial | H—77, Vs =13 TeV, 36.1fb v & [ —+ Data, tot. unc. Syst.unc. £ B NaLO+XH B GoSamsSherpa + XH
—¢- Data, tot. unc. Syst. unc. F H—yy, \s=13TeV, 36.1 fo" T B N3LO+JVE + XH 7  Sherpa (versenio) + XH ]
: [ anti k, A= 0.4, p_>30 GeV T & STWZBLPTW+XH [l MG5aMC@NLO + XH ]
[ ‘ T Bl NNLOJET + XH = XH = VBF+VH+ttH+bbH
VBF-enhanced v g 1 _ _g;" :
. Fo—urs T
| ] i et
Nlepton =1 = 95% C.L. 10 = —_4
| 5 s
| +
F mm e e e —————— -
. Il | m,, = 125.09 GeV - : S
: miss = o~ e a pmememm--
High E7 v 95% C.L. B NLo+xH 1E , . = L , E
| gg—H default MC + XH T ' T T
1 ‘ B Powheg NNLOPS + XH é ol 1
ttH-enhanced v 95% C.L. MR =
B Pl Tty
| | 1 | | | | | 1 11111 I | | 1 11111 'g 0 :: .
2x10™ 1 2 3456 10 2030 10?7 & =0 = =2 =0 =1 =2 =
jets
Ojq [f0]


https://arxiv.org/abs/1802.04146

H—Yyy fiducial & differential measurements

. . . . . . . . i .
» Differential cross-sections as function of Higgs and jet kinematic arxiv 1802.04146
variables: pT(yY), (YY), N(jets), ...

> Compared to several state-of-the-art gluon-fusion Higgs TH predictions

36.1fb-1 @ 13TeV

> Measurements in several fiducial regions, targeting H prod. mode, or sensitive to BSM effects
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H—//" production mode cross-section

> low branching fraction: BR(H—ZZ*)~2.6% arxiv 1712.02304
further reduced by BR(Z—ee,up) 36.1fb-1 @ 13TeV

> main background: non-resonant ZZ* production (irreducible)

> reducible background (Z+jets, top) strongly suppressed by selection
» 0"BR(H—ZZ) for different production modes from dedicated H—4l| event categories

Production cross-section measured inclusively, and in exclusive STXS regions
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H—/Z/" fiducial & differential measurements

» fiducial cross-section measurement also in good agreement with SM JHEP 10 (2017) 132

36.1fb-1 @ 13TeV
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o L . ) .
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ATLAS-CONF-2017-046

Higgs mass measurement Faiza

Di-photon and 4-leptons selections inherited from coupling/cross-section measurements

mZ<* =124.88 +0.37(stat) +0.05(syst) GeV H(ZZ) statistics limited
m¥Y¥ =125.11 +0.21(stat) +0.36(syst) GeV H(yy) systematics limited

Amy =0.23 +0.42(stat) +0.36(syst) GeV
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muy = 124.98 +0.19(stat) +0.21(syst) GeV
= 124.98 +0.28 GeV

(compared to the Run-1 ATLAS®CMS result of mu = 125.09 +0.21(stat) +0.11(syst) GeV)



VH (H - bb) JHEP12(2017)024

36.1fb-1 @ 13TeV

3 main channels: V(—leptons: I, lv, vv)+H(bb) Systematic > Statistical
Standard selection cuts: Source of uncertainty o
» 2 central jets (|n|<2.5) pt > 20GeV Total 0.39
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» nJet < 3 for Z(vv)H and W(Iv)H channels zysmmatm - — 0.31
xperimental uncertainties
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» multivariate approach BDT Emiss 0.03
" . . Lept 0.01
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Analysis cross-check:

VH(H—-bb)

measurement of

SM diboson semileptonic VZ(bb)

VZ(bb) observed

with at 5.80 sensitivity

vz = 1.11 +0.12_ 44(stat.) +0-22_o 19(Syst.)

Combining 3 VH(bb) lepton-channels:
VH(bb) signal strength at 13TeV

HvH = 1.20 +0.24_

0.23(stat.) +0-34_¢ 2g(syst.)

13TeV | 7+48+13TeV

significance
expected 3.0 4.0
observed 3.5 3.6

Evidence of VH(bb) above 3o sensitivity!
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121,
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10 — 0+1+2 leptons ] Uncertainty
| 2+3jets, 2 b-tags
Dijet mass analysis

8 | Weighted by S/B
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36.1fb-1 @ 13TeV
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ttH(multilepton)

arxiv 1712.08891
36.1fb-1 @ 13TeV

» Sensitive to direct coupling of H to top quarks, s, o e Dan | mmet
. n [ 4 ttw ttZ
targetlng H- WW, H- T, and H - ZZ 5 10°k Iii:tﬁtTev’ 36.1 EDiboson ENon-prompt
. . . AT 3 - is-i h
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10° k --- Pre-Fit Bkgd.
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. . . 107'F
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. D 125 F
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w© 0.75 F
o
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ttH(bb)

> Sensitive to direct coupling of H to top quarks,
exploit the large BR(H—bb) in combination with

semi- and di-leptonic ttbar channels

» events categorised in signal-enriched and depleted
regions based on #jets and #b-tagged jets

» multivariate discriminant (MVA)
in signal-enriched regions

Dilepton
(two-u combined fit)

Single Lepton
(two-u combined fit)

ttH(bb) at 1.40 observed (1.60 expected) combined
UttHob) = 0.84 +0-29 g o9(stat.) +0-57.¢.54(sSYst.)
Modeling of tt+hf background limiting factor

Uncertainty source Au g

tt + >1b modeling +0.46 —0.46

Background-model stat. unc. +0.29 -0.31 g

b-tagging efficiency and mis-tag rates  +0.16 -0.16

Jet energy scale and resolution +0.14 -0.14

ttH modeling +0.22 -0.05

Total statistical uncertainty +0.29 -0.29

Total uncertainty

+0.64 -0.61

arxiv 1712.08895
36.1fb-1 @ 13TeV

\s =13 TeV, 36.1 b’

— e —i

m, = 125 GeV
tot (stat syst)

+1.02 , +0.54 +0.87
-0.24 -1.05 ( -0.52 -0.91

+0.65 ; +0.31 +0.57
—-o-— 0.95 ‘56 ( 031 Jo5a

+0.64 , +0.29 +0.57
—-o-— 0.84 -0.61 (—0.29 -0.54
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ttH(ATLAS combination)

arxiv 1712.08891
36.1fb-1 @ 13TeV

ttH(ML)

ttH(bb)

ttH(yy)
ttH(Z2)

While ttH(ML) and ttH(bb) have
dedicated analyses, the remaining
channels come from sub-categories of
the main H—yy and H—ZZ analyses

Evidence of ttH production
at 4.20 observed sensitivity!

(tot.) (stat..syst )

e -
ATLAS Vs=13 TeV, 36.1 b’
—total — stat.
ttH 2Z -—r < 1.9 (68% CL)
ttH yy o 0.6 j((:..(-s, j(()):t—s/ ; fg.'g )
ttH bb Laain 0.8 5 (03.%5 )
0.5 +0.3 +0.4
ttH ML ko 1.6 fo.4 03503 )
] o N P R X ;6fé"';b'.é"')'
ttH combined : l-|0.‘-| < 03 -0.2 7 -0.2
1 1 1 i 1 1 l 1 1 1 l 1 1 1 l 1 1 1 I | 1 L
—2 0 2 4 6 8 10
Best-fit u_ for m ;=125 GeV
ttH
Channel Best-fit u Significance
Observed Expected Observed Expected
: 0.5 0.4
Multllel_)ton 1.6 702 1.0 T 4.10 2.80
H — bb 08¢ 107°  l4o 1.60
0.7 0.8
H — vy 0.6 7 ¢ 1.0 e 090 1.70
H—4¢ <19 10732 — 0.60
Combined 1272 1.0%3 420 3.80




Conclusions

Campaign of Higgs measurements ongoing in ATLAS with LHC Run-2 dataset:
results with first 36.1fb-1 presented today

> stat. limited measurements will continue to improve throughout Run-2,
moving towards a systematics limited regime: understanding of
uncertainty sources is critical

> full Run-2: possibility of precision measurements for fermionic channels:
towards differential results!

> already recorded 44fb-1 more at 13TeV -
looking forward to analyzing the new data!

Thanks for your attention!
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(All ATLAS Higgs results are available here)



https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HiggsPublicResults

The Large Hadron Collider (LHC)

Circolar 27 km proton-proton collider, located ;
at CERN, on the Franco-Swiss border.

Designed to achieve high centre of mass energy and high luminosity:
» design:
\/Spp =14 TeV
L =1e34 cm-2s-1 = 0.01 pb-1s-1
Compared to o(pp—VH—leptons,bb) = 0.25 pb (my = 125 GeV) - O(200) evts/day

» Run-1(2011-2012) data-taking: » Run-2 (2015-2016) data-taking:
\/Spp — 7'8 TeV I \/Spp — 13 TeV
Lpeak = 0.35-0.77e34 cm-2s-1 Lpeak = 1.37e34 cm-2s-1

Two main multi-purpose experiments (ATLAS, CMS) designed for precise tests of SM
physics, and the search and study of the Higgs boson - along with five experiments
targeting specific physics (LHCb, ALICE, LHCf, MoEDAL, TOTEM)
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The ATLAS experiment

General-purpose, ~4m detector for multi-TeV pp collisions

Barrel Inner Tile :

RPCs . Calorimeter ID: charged particle tracks,
Torold  gotenoid | Petecter - quU|d Argon

MDTs

\ Calorlmeter decay vertexes

letal < 2.5

Magnetic system: solenoid for

End-cap . 0p/pr~0.05%pr®1%

Toroid

ECAL.: e/y energy/direction,
hadron rejection

< nl< 3.2

- 0e/E~0.05%,/E®0.7%
(barrel)

-’\

.\““ .—

\\\

‘\ ,,,,////—;i"/‘; —— I

Shielding

HCAL.: hadron(jet)

energy/direction
In| < 4.9
barrel end-cap ‘ CE/E~50%JE@3% (barrel)

toroids ’ toroids

MS: muon tracks
In| < 2.7

. el . 109 to 1 TeV
the ID (2T), three toroidal f 0p/p<10% up to 1 Te

magnets for the MS (0.5-1T)  Sowr

solenoid
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The SM scalar sector: Higgs boson

Brute-force mass terms for fermions and V(6)
bosons in the SM Lagrangian:

» bosons: m2B,Bv
> fermions: m(®LPr + PrPL)

Gauge invariance of the theory is spoiled:
— non-renormalizable theory X
— unitarity violation at high-energy scales ' 4

Mass-terms appear in a gauge-invariant way in 0,
the Lagrangian when introducing a scalar sector

: : 0 1,,20,,2 & 1,4
d — ( ¢ ) Scalar-field potential V(®) = V(v) = zu|* + zdv
¢1 + quz complex doublet of scalar fields S,oontaneous Symmetry Breaking (SSB)
Lo + Lgauge = ( %(aﬂa)(a“a) + p0? — Mo — 204+ » H coupling to gauge boson defined by SSB
2 4 g2 » H Yukawa coupling to fermions free parameters
HWEWE + o (T g2 pling p
1 o ot g°v 1 f 4
39 W Who + o stagy T 2wt ghtt = Mi/v
+g_2w+Wﬁ‘o-2 + g_2 1 7 Z”'O‘Q) ---------
4 H 7 4 2cos(Ow) "

ghvv = 2my2/v

Ly ukawe =|-Yu(QrPup + 1z®'QL) — Yy(Qr®dr + dr®'Qy)
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Higgs boson physics at the LHC

IIIIlItllllilIlllllllIIIIIIIIIIIIIIIIIIIIIIIIIII§ .9 1__' I ! ! | I 1 ! | | 1 I I I |__§
_10?F M(H)=125GeV = & F—
E: EW) 1% @ [ bb 14
>-'<- B PP —%) '-E §
T 108 4 g1 ek
! - . © :
a ] m 7
8 B . ]
° 1F 3 107 E
107 E 3

5 L 32 E
1072} E G 7

I_IIIII!lll[!lllllIIIlIIIIIlIIlllIIII!IIIIllIlI:I' 10'4 T TR N N SR S B T T T S S NN S N

6 7 8 9 10 11 12 13 14 15 120 122 124 126 128 130

/s [TeV] My [GeV]
gg Fusion tt Fusion

» Main production mechanism at the LHC through
gluon-fusion (~via top-quark loop)

» VBF, WH, ZH, bbH and ttH are sub-dominant but
can provide interesting experimental signatures




Cross-sections from 8TeV to 13TeV

Minimum bias

W(ln)

Z(ll)

L7

t (s-channel)

t (t-channel)

WH

H (ggF)

H (VBF)

tt

ttZ

ttH

A(0.5 TeV, ggF+bbA)
stop pair (0.7 TeV)
gluino pair (1.5 TeV)
L' SSM (3 TeV)
Q* (4 Tev)
QBH (5 TeV)
QBH (6 TeV)

13 TeV / 8 TeV inclusive pp cross-section ratio

J1.2
“11'.67 <4—1 V+jets kizs ~ 2
) 2.0
) 2.2
1 2.5
1 2.0
) 2.3
) 2.4
/3.3 < top-quark pairs kizig ~ 3.3
1 3.6
J 3.9
) 4.0
) 8.4
) 46
J 10
) 56
) 370
10 100 1000

» 9000

10000
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Simplified Template XS measurements

STXS framework as natural evolution of signal strength measurements:

maximize experimental sensitivity while minimizing theory
dependence folded into the measurement

| theoretical uncertainties on SM prediction
> underlying theory model (SM or BSM)

> measure prod. mode cross-sections in exclusive regions (simplified templates),
rather than signal strengths

> inclusive in H decay: possibility to combine channels
» allowing for advance analysis techniques (MVA, ...)

> complementary to full-fledged fiducial and differential measurements

Bf) r
B4€ SM ’

» 0, = SM template cross-section in the region-i, B = SM branching-ratio

» r; = multiplicative 'signal-strength-like' factor for the region-i

> A = detector acceptance and response matrix between analyses categories and
STXS regions

ZAJ‘ - 1; - (07 - Bag)sm - rf -




Simplified Template XS measurements

>

>

>

>

avoid extrapolation with nontrivial or sizeable theoretical uncertainties
avoid large variations of exp. acceptance within one bin

sensitivity to BSM effects (e.g. high-pr)

mutually exclusive, and in minimum number



Simplified Template XS measurements

(H + leptonic V)

qq - VH

|
I |

W — v (+) Z — U +vp

> pY¥ [0,150] > pY [0,150]

pY, [150, 250] pY, [150, 250]

= O-jet = O-jet
(+) (+)
> et > 1-jet

> py [250, 00] Py [250, co]

bbH

> 2-jet VBF cuts

-
(+) .




» Cross-section measurements @ 13TeV combined to

Higgs total cross-section combination

o(pp—H+X) = 57 +6.0_5 o(stat)+4-0.3 3(sys) pb
oSM(pp—>H+X) = 55.6 +24_3 4(stat)

from combination of the (H—yy,ZZ")
production cross sections

> measurements @ 7,8TeV from inclusive signal strengths translated to total prod. XS

» direct combination of 13TeV Simplified Template Cross Section "stage-0" results

O,y [PD]

60

40

20

-

T I L I

LI I T T I T

L L L A EL L AL B
| ATLAS Preliminary
[ AH-yy 0H—ZZ*—41

T I T T T T I T T T T I T T T T l
— Op,.y My, =125.09 GeV
QCD scale uncertainty

mm Total uncertainty (scale ® PDF+a.,)

¢ combined data
systematic uncertainty

V\s=7TeV, 45fb"
Vs=8TeV, 20.3fb"
Vs=13TeV, 36.1 fb™

1 | 1 1 1 1 | 1 1 L 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1

7 8 9 10 11 12 13
Vs [TeV]

ggF

VBF

VH

ttH

\
1 i

1 | 1 1 I 1 1 1 | I 1 1 | 1 I 1 | 1 1 I 1 1 1 | I 1 1 | 1

ATLAS Preliminary
Vs=13TeV, 36.1 fb"
H—yy and H—=ZZ*—4l
m,, =125.09 GeV, ly |<2.5

=y

Measurement e
Stat. uncertainty

Syst. uncertainty T
SM prediction I

=

0

1

2 3 4 5
Cross section normalized to SM



ggF

VBF

VH

ttH

Higgs total cross-section combination

I I I I | I 1 I 1 I I 1 1 1 I I I 1 | I I I I I I I 1 1 I

§

ATLAS Preliminary

/s =13 TeV, 36.1 fb”
H—yy and H—>ZZ*—4l
m;; =125.09 GeV, ly [<2.5

Measurement e

Stat. uncertainty

Syst. uncertainty

-1

, I SM prediction l
-
| | | | I | | | | I | | | | I | | | | | | | | | I | | | |
0 1 2 3 4 5

Cross section normalized to SM



H—Yyy production cross-section

Production mode cross-section in the rapidity region |yu|<2.5, multiplied by BR(H—yy)

Vs=13 TeV, 36.1 fb™

A TLAS H— YY, mH=1 25.09 GeV
goH - ——
VBF |- .
VH .
top (- .
1 1 | | I | I I I | i 11 1 1 I | I I | I I I | | (|
0 0.5 1 1.5 2 2.5

SM prediction Measured o x B normalized to SM

Impact of possible deviations in the

BR(H—Yyy) removed by measuring
ratios to ggH cross-section

5 Or——7—— | [ L LRI
= - ATLAS o= Bestfit =
E 35 Vs=13TeV, 36.1b” —68%CL
1 - H =7y, m,=125.00 GeV +95% CL ]
T 30 e T —+ SM —
I - :
X 251 -]
& T .
© 20\ -
15 -
1o e T . —
5t | 1 A R B B
20 40 60 80 100 120 140 160
Oggn X B(H — vv) [fb]
Process Result Uncertainty SM prediction
(lya| < 2.5) Total  Stat.  Exp. Theo.
over/ogen | 020 00 (%006 oo f00s) | 0-07820:00s
0.06 0.06 0.01 0.01 0.004
OvH/OggH 0.04 505 004 o0l 001 0.04574 005
0.010 0.010 +0.002  +0.002 0.001
Otop/ TggH 0.009 5000 (Zo.009 0001 0001 0.012%5:00;




H—YyY uncertainties

> N3LO ggH > 3 uncertainties on pTH: 2 pTH
> 4 uncertainties for missing higher migration effects, 1 top-mass
order correction: 2 yield unc., > 2 uncertainties for ggH

2 jet-bin-migrations acceptance in VBF categories, 2

yield in 2-jet and >2-jet bin, 1 on

28

dPhi(j,yy)
Systematic uncertainty source Nnp Constraint Category Fiducial Unc ertainty GI'Ollp ZySt-
Likelihood Likelihood
ggH QCD 9 N Fin(0v,6:) v - Theory (QCD) 0.041
] Missing higher orders (non-ggH) 6  Ng FLx(0y,6)) v - Theory ( B( H — 'y'y)) 0.028
3 B(H — yy) 1 NQ'FN(oi, 6i) v -
g PDE 30 NP Fin(on 00 p ] Theory (PDF+asy) 0.021
o | M Rn@e) _ Theory (UE/PS) 0.026
UE/PS 5 Ng Fin(oi6) v : Luminosity 0.031
p . 0: - . .
Heavy flavor content 1 Ng Fin(oi,6;) v EXp erimental (y1 Cld) 0.017
Luminosity 1 NP'E (o, 6;) v -
=) S . . .
z Trigger I NS (o 6) / ] Experimental (migrations) 0.015
Photon identification 1 N Fx(0y6:) v - Mass resolution 0.029
Photon isolation 2 NPFin(oi, 6;) v -
= S
% Flavor tagging 14 Ng Fin(oi,6;) v - Mass scale 0.006
E Jet 20 N Fin(ou6;) v i Background shape 0.027
§ o Jet flavor composition 7 Ng Fin(oi,0;) v -
- '% Jet flavor response 7 Ng Fin(oi,0;) v -
&b Electron 3 NP Fn(oi, 6;) v - ey
S > -
= Muon 0 AR Fin(on6) p ] pho.tc_m energy s(c):ale stnft In peak
Missing transverse momentum 3 Ng FiN(oi,6;) v - pOSItlon by 0.21%-0.36% of
Pileup 1 N?Fin(o6:) v : nominal peak position
Photon energy scale 40 Ng Fin(oi,0;) v -
) ATLAS-CMS mg 1 ucp Fo(o:67) v v » photon energy resolution
g Photon energy scale 40 pcs Fg(0i,6;) v v change signal width by 6%-13%
Photon energy resolution 9  ocg Fin(oy, 6;) v v of nominal width
Background Spurious signal Varies Nspur,c Ospur,c v v




H—yy background functions

> L L L ) L L L D
14000 1 & i 1]
§ n ATLAS ] S 100 ATLAS Vs =13 TeV, 36.1 fb‘__
5912000'1’.. \s=13TeV,36.1 0" = i
% N . - © B ° . . L -1
S B . B ™ 80 . . . 3 . . —
w10000 ®e Eyy — — o .
: ", =D/ : - vy }
8000 . - - 60— =y/ —
i " Sy - - — ]
6000:— .. ¢ Stat. Unc. E 40l + Stat Unc. h
B oo.. - Tot. Unc. ] B - Tot. Unc i
4000& ®%eee, . — u . . ]
g I.I .............: 20-- __
20001 "-m..._.““__' = - e
0 wa:’:‘tfﬂm?ﬂ'?m 0 P S e e B S s s e S
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rnyy [GeV] rnYY [GeV]
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g e R
Oa":'".—-.-m—..;..l.l....l....l...ll...._ 0_ * } . : . : —
0 50 100 150 200 250 300 350 Nei =0 Negs = 1 N =2 New = 3

pl" (GeV]



H—yy categories

Category Selection
tH lep Ofwd Niep = 1, NE2 <3, Npiag > 1, NI =0 (o > 25GeV)
et
tH lep 1fwd Niep = 1, Nie <4, Nptag 2 1, Ngd > 1 (o > 25GeV)
ttH lep Niep 2 1, NGt > 2, Np—ag > 1, Zge veto (pJ > 25 GeV)
ttH had BDT1 Niep =0, NJets >3, Np—tag > 1, BDTygy > 0.92
ttH had BDT2 Niep =0, Niets > 3, Np_ag > 1, 0.83 < BDTyy < 0.92
ttH had BDT3 Niep =0, Niets > 3, Np_ag > 1,0.79 < BDTyy < 0.83
ttH had BDT4 Nep =0, Niets > 3, Np—tzg > 1, 0.52 < BDTyyy < 0.79
. t
tH had 4j1b Miep = 0, Nigt = 4, Np_tag = 1 (p"’ > 25GeV)
tH had 4j2b Nip =0, N = 4, Npp_ag > 2 (p’T‘?‘ > 25GeV)
VH dilep Niep = 2,70GeV < mge < 110 GeV
VH lep High Niep = 1, ey — 89GeV| > 5GeV, po T > 150GeV
{ EmISS
VH lep Low Niep = 1, [mey —89 GeV| > 5GeV, p; g < 150 GeV, E“mSS significance > 1
VH MET High 150 GeV < EnmSS < 250 GeV, E!rmss mgmﬁcance > 9or EmlSS > 250 GeV
VH MET Low 80GeV < EmlSS < 150 GeV, ET"*® significance > 8
jet BSM PT,j1 > 200 GCV
VH had tight 60GeV < mj; < 120 GeV, BDTyy > 0.78
VH had loose 60 GeV < mj; < 120 GeV, 0.35 < BDTVH <0.78
HJJ

VBF tight, high p

VBF loose, high p J

VBEF tight, low p. 7’

VBF loose, low pr. g

|Anj;| > 2, [nyy —0.5(mj1 +m2)| <S5, p Hji 5 25 GeV, BDTygr > 0.47

AR > 2, iy = 0.5(m1 + m2)| < 5, p7?? > 25GeV, —0.32 < BDTyp < 0.47
|Anji| > 2, |y — 0.5(m51 + n2)| < 5, pp”’ ' <25GeV, BDTvpF > 0.87

|Anjj| > 2, |n,,y —0.5(7;1 + )| < 5, p?? <25GeV, 0.26 < BDTypF < 0.87

ggH 2] BSM
ggH 2J High
ggH 2J Med
ggH 2] Low
ggH 1J BSM
ggH 1J High
ggH 1J Med
ggH 1J Low
ggH 0J Fwd
ggH 0J Cen

> 2 jets, p2/ > 200 GeV

> 2 jets, p. }:y € [120,200] GeV

> 2 jets, p:’cy € [60, 120] GeV

> 2 jets, p}:y € [0,60] GeV

=1 jet, py; > 200 GeV

=1 jet, p:’l;y € [120,200] GeV

=1 jet, p;y € [60, 120] GeV

=1 jet, p;Tl;y € [0,60] GeV

= 0 jets, one photon with || > 0.95
= 0 jets, two photons with || < 0.95




H—yy STXS to categories

ATLAS

bbH

tHW
tHq

ttH
gg — HIl (= 1-jet, pv = 150 GeV)

T

gg — HIl (0-jet, p* = 150 GeV)

T
T

T

qq — HIl (= 1-jet, 150 < p¥ < 250 GeV)

T

qq — HIl (0-jet, 150 < p¥ <250 GeV)
qq — HIl (p¥ < 150 GeV)
q — Hiv (p¥ =250 GeV)

T

q
qq — Hiv (= 1-jet, 150 < p¥ < 250 GeV)

T

STXS Regions

qq — Hiv (0-jet, 150 = pv < 250 GeV) SRR T I ST O NI SO N |

T

gg — Hil (p! <150 GeV) | =

qq — Hil (p¥ =250 GeV) | i

gqq — Hiv (p¥ < 150 GeV) R

qq — Haq (p; =200 GeV)

qq — Hqq (rest)

qq — Haq (VH)

qq — Hqq (VBF-like, 3-jet)

qq — Hqq (VBF-like, 3-jet veto)
ggH (VBF-like, 3-jet)

ggH (VBF-like, 3-jet veto) SEEIPP- Y .

ggH (= 2-jet, p!' = 200 GeV)

ggH (= 2-jet, 120 < p" <200 GeV)
ggH (= 2-jet, 60 < p!' <120 GeV)
ggH (= 2-jet, p!' <60 GeV)

ggH (1-jet, pt' = 200 GeV)

ggH (1-jet, 120 < p! <200 GeV)
ggH (1-jet, 60 < p* <120 GeV)
ggH (1-jet, p! <60 GeV)

ggH (0-jet)

ggH 0J CEN
ggH 0J FWD
ggH 1J LOW

ggH 1J MED
ggH 1J HIGH

ggH 1J BSM
ggH 2J LOW

ggH 2J MED
ggH 2J HIGH

ggH 2J BSM

VBF loose, low pi

______________________________________________

Simulation H —yy, m =125.09Gev

Hi
T

VBF tight, low p
VBF loose, high p

Hii
r

Hi
;

VBF tight, high p

VH had loose

VH had tight

jet BSM
VH MET LOW
VH MET HIGH

VH lep LOW
VH lep HIGH

VH dilep
tH had 4j2b
tH had 4j1b

ttH had BDT4

ttH had BDT3

ttH had BDT2

ttH had BDT1

o

ttH lep

tH lep 1fwd
tH lep Ofwd |

Category

Region Purity / Category



H—oyy STXS

Process

Measurement region

Particle-level stage-1 region

ggH + gg — Z(— qq)H

0-jet

1-jet, pT < 60 GeV

1-jet, 60 < pT < 120 GeV
1-jet, 120 < pT < 200 GeV
> 1-jet, PT > 200 GeV

> 2-jet, pi < 200 GeVor VBF-like

0-jet

1-jet, pT < 60 GeV

1-jet, 60 < pT < 120 GeV
1-jet, 120 < pT < 200 GeV
1-jet, pT > 200 GeV

> 2-jet, p > 200 GeV

> 2-jet, pL < 60 GeV

> 2-jet, 60 < p < 120 GeV
> 2-jet, 120 < pT < 200 GeV

VBF-like, p1 7/ < 25 GeV
VBF-like, p;”/ > 25 GeV

qq’ — Hqq' (VBF + VH)

Pl < 200 GeV

Pl > 200 GeV

P’ < 200 GeV, VBF-like, p-” < 25 GeV
pf < 200 GeV, VBF-like, pII,’“ > 25 GeV
p’ < 200 GeV, VH-like

p% < 200 GeV, Rest

Pl > 200 Gev

VH (leptonic decays)

VH leptonic

qq — ZH, pT < 150 GeV

g3 — ZH, 150 < pZ < 250 GeV, O-jet
qq — ZH, 150 < pE < 250 GeV, > 1-jet
qq — ZH, p%> 250 GeV

qq — WH, p < 150 GeV

qq — WH, 150 < p¥ <250 GeV, 0-jet
qq — WH, 150 < pa/ < 250 GeV, > 1-jet
qq — WH, pZ > 250 GeV

gg — ZH, p45 < 150 GeV

gg — ZH, pE > 150 GeV, 0-jet

gg — ZH, ij- > 150 GeV, > 1-jet

Top-associated production

top

ttH
W-associated tH(tHW)
t-channel tH(tHgqg)

bbH

merged w/ ggH

bbH




H—yy additional results

fogr = 0.81 7012 = 0.81 +0.16(stat.) 507 (exp.) 7005 (theo.)

Measurement | Exp. Zy | Obs. Zj
[IVBE 260 | 490 pyer = 2.0 132 = 2.0 £0.5 (stat.) 73 (exp.) ¥3; (theo.)
MVH 140 0.8 puvag =077 +0'9 = 0.7 £0.8(stat.) +0' 5 (exp.) Ty +0-2 (theo.)
HMtop 1.8 0 1.0 0 Htop = 0.5 +0 ¢ = =05 tgg (Stat +0 1 (exp +O 1 (thCO )

Measurement | Observed | Exp. Limit | Exp. Limit | +20 | +10 | =10 | =20

(ui = 1) (pi = 0)

HVH 2.3 2.5 1.5 3.1 2.2 1.1 0.8
Htop 1.7 2.3 1.2 2.6 1.8 09 | 0.6
1 ~
ggH (0 jet) ;"
ATLAS 08 %
. . . ggH (1 jet, p? <60 GeV) | -0.25 p
Process Result Uncertainty [fb] SM prediction Vs=13 TeV, 36.1 fb —06
ggH (1jet, 60 =p/'<120GeV) | 014  -0.07 - H— vy, mH=1 25.09 GeV
(lyg| <2.5) | [fb] Total Stat. Exp. Theo. [fb] —0.4
ggH (1jet, 120 =p/'<200GeV) | 0.14 -0.24 0.06 -
+19 +7 +5 +5 —02
ggH 82 —-18 + 1 6 -6 -4 l 02_7 ggH (=2jet) | -0.21 019 -0.14 -0.10
—0
VBF 16 :51 +4 +2 tg 8.0+0.2 qq—Haq (p) <200GeV) [ 002 -0.03 -0.11 -0.14 | 048
—-0.2
V H 3 +4 +4 +1 +1 4 5 +02 ggH +qq - Hqq (BSM-ike) | 0.04 -0.06 002 0.06 -0.03 -0.10 -
- -3 - -0 e —-0.4
+0.9 +0.8 +0.2 +0.2 ggH - qq > Hqq (BSM-like) | 0.09  -005 -005 002 -0.04 010 -0.01 -
Top 0.7 _0.7 _0.7 _0.1 _0'0) 1-3 i 0-1 - -0.6
VH (leptonic) | -0.04 -0.01 000 -002 -002 001 -0.01 -0.01
-0.8
top [ 001 003 002 003 -005 001 -006 003 001 -
= S S < = < T 0 &) 2 -1



H—Yyy fiducial phase-space

Objects Definition

Photons nl < 1.37 or 1.52 < || < 2.37, p*>*/pk < 0.05

Jets anti-k;, R = 0.4, pr > 30GeV, |y| <44

Leptons, £ eor u, pr > 15GeV, |n| < 2.47 for e (excluding 1.37 < || < 1.52) and || < 2.7 for u
Fiducial region Definition

Diphoton fiducial N, >2, pY' >0.35m,, =43.8GeV, pZ > 0.25m,, = 31.3 GeV

VBF-enhanced

Diphoton fiducial, N; > 2 with pj]?t > 25 GeV,
mij; > 400 GeV, |ijj| > 2.8, |A¢'yy,jj| > 2.6

Mepton > 1 Diphoton ﬁdUCial, Nf > 1

High Ef Diphoton fiducial, E™* > 80 GeV, p)}” > 80 GeV

ttH-enhanced Diphoton fiducial, (Nj > 4, Npjets = 1) or (N;j = 3, Np.jets = 1, Np > 1)

N?*® . do; NSE » VBF-enhanced:
Oi = ¢ [ L an dx ¢ Ax; [Ldr m(jj)>400GeV; Ay, > 2.8; |Ad,, | > 2.6
[32%9gH]
0 ggH WwH [z gz BBtH [l ooH tHjb tHW
ATLAS Simulation H—yy, m, =12509 GeV > VH'enhanced:

Diphoton fiducial

VBF-enhanced

N lepton =1

High ET"°

ttH-enhanced

0

1-el or 1-muon, pT(lep)>15GeV

> high-MET:
MET>80GeV; pT(yy)>80GeV

» ttH-enhanced:
1lepton+3jet, or Olepton+4jet

01 02 03 04 05 06 07 08 09 1 at least 1-bottom-jet

Fraction of Signal Process / Fiducial Region (after reconstruction)



H—yy differential

> | ATLAS H—yy,s=13TeV, 36.1fb"
g = —+-Data, tot. unc. = Syst. unc;
= | B8 gg—H default MC + XH
AY B 99— H NNLOJET + XH :
_8'3 & gg—H SCETIib (STWZ) + XH |
} = XH = VBF+VH+ttH+bbH
107"
: antik, R=0.4, N, 20
1072
PN TN YRR Y (NN TN YOO VT TN (NN O Y ST TN NN VN WY TN SN (NN VNN TN WU TN [N YONNY ST T WO [N SO SO WO
T S B | ~rr "5 """ "J""""ft""""
X 2
; | |
(@]
2 | |
ER -
§ T
g 1 1 1 1 1 1
5 o0 50 100 150 200 250 309 350
p, [GeV]
(@)
s‘ T T T I T T T I T T T I T T T ] T T T l T T T
o 0.8FATLAS = gg—>H default MC + XH
% :H—>yy, Vs=13TeV, 36.1fb" "4 gg—H Sherpa (versanco) + XH:
;}_ | -¢- Data, tot. unc. = Syst. unc.- gg—H GoSam+Sherpa + XH |
8 06 ==+ XH = VBF+VH+ttH+bbH |
~ p
D;g Anti k, R=0.4, P, > 30 GeV
S I'|E
0.4F :
0.2 TR .
"""""" R 1
[ + —
PO TR T [N W N TR N TR TR N (N TR i sl et et St i s S Sl i
I 0 T I 1 1 T
X 2
+
&)
Q l
= 1# . e, =
©
©
.g o " L " 1 L " " 1 n " i 1 " " L 1 " L " 1 " n "
% 0 20 40 60 80 100 120
o

P2 [GeV]

doy/dly, | [fb]

Ratio to default MC + XH

doyy/dly, | [fb]

Ratio to default MC + XH

N
o

—y
[$)]
—

10}

0....I....I....I PRRTSRTIN (USRI ST S (N S (S S S I R

—

|
. -ﬁa_l A
N . o
T R T By R T

Trrr[rrrrrrr [ rrr [yt e T

~ATLAS H—yy, \s=13TeV, 36.1fb" -
I —+4-Data, tot. unc. = Syst. unc. |

B gg—H default MC + XH |
B 9g—H NNLOJET + XH ]
<=+ XH = VBF+VH+ttH+bbH 1

l

_____________________ T ]
I Y T T
e

1 1 1

3 3.5 4
ij1l

(®)

I T 7T ] T 11T l LI I Trrr ] T T rr l LI l T 71T I T T I T 171
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Ratio to default MC + XH

H—yy differential
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H—yy differential
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H—yy differential uncertainties

Source Uncertainty in fiducial cross section
Diphoton VBF-enhanced Miepon > 1 t#H-enhanced High E{Piss
Fit (stat.) 17% 22% 72% 176% 53%
Fit (syst.) 6% 9% 27% 138% 13%
Photon energy scale & resolution 4.3% 3.5% 3.1% 10% 4.1%
Background modelling 4.2% 7.8% 26.7% 138% 12.2%
Photon efficiency 1.8% 1.8% 1.8% 1.8% 1.9%
Jet energy scale/resolution - 8.9% - 4.5% 6.9%
b-jet flavor tagging - - - 3% -
Lepton selection - - 0.7% 0.2% -
Pileup 1.1% 2.9% 1.3% 2.5% 2.5%
Theoretical modeling 0.1% 4.5% 4.0% 8.1% 31%
Signal composition 0.1% 4.5% 3.1% 8.1% 25%
Higgs boson p{i’ & |yH| 0.1% 0.9% 0.2% 0.7% 0.1%
UE/PS - 0.3% 0.7% 1.1% 31%
Luminosity 3.2% 3.2% 3.2% 3.2% 3.2%
Total 18% 26% 7% 224% 63%




H—yy differential uncertainties
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H—/Z/" fiducial & differential measurements

¢ Data

JHEP 10 (2017) 132

36.1fb-1 @ 13TeV

> fiducial cross-section from
115 < m4 < 130 GeV
phase space
in fair agreement with SM prediction

> Fiducial cross-section separately
iIn each lepton sub-channel,
and combined

Omeasﬁd = 362 + O.50(3t3t)+0'25—0.20(3y3) fb
oSM., =291 + 0.13 fb

ATLAS [ ] Syst. uncertainties
H— Z7* — 4] m LHCXSWG ggH @N3LO + XH
¢ MG5 FxFx + XH
13 TeV, 36.1 fb” #  NNLOPS + XH
A HRes 2.3, NNLO+NNLL + XH
: o Q onF
n “-g. 45 o 90 =
- 4t 80F
= 3.5F 701 $
- 3f . w | 60F
= o - O
- i 2.5F 501 +
— 2 + 40 — ¢
- 1.5F + . 30F
. 1F 20
= 0.5F 10F
b7 T b7 b7 b7 b7 b7 T (0
O"z«d 0460' O?;ge %eg,, q’nze%u%e*g;’isu,%ﬂco% ) H

> Fiducial results also extrapolated to
the total phase space (right box)



https://link.springer.com/article/10.1007/JHEP10(2017)132

H—//" STXS to categories

Stage 0

Production bins

Reduced
Stage 1

VBF

0-jet
p," <60 GeV
1-jet 60 < p,"” <120 GeV
p,">120 GeV
2 2-jets
p/ <200 GeV
> VBF-p/-Low
p;/ >200 GeV
> VBF-p/-High

Hadronic V decay

Leptonic V decay

Reconstructed event categories

p;* <60 GeV

A

1jp*-Low

60<p*<120GeV| N_ =1
1j-p,*-Medium < A

p“> 120 GeV

1j-p,“-High -

p,/ <200 GeV

A

VBF-enriched-p /-Low m. > 120 GeV
1

p,/> 200 GeV N

jets

=2

A

VBF-enriched-p/-High

m, < 120 GeV

VH-Had-enriched? -

A

VH-Lep-enriched '\

ttH
ttH-enriched < ry

118 < m, < 129 GeV |-

+ T: VH-Had enriched is divided into p,* > 150 GeV
1 and p * < 150 GeV sub-categories for tensor
« structure measurment



H—ZZ*

0j

1j -p#'-Low

1 -pf‘}'-Med

1j-p-High
VBF-enriched-p’T -Low
VBF-enriched-p’T-High
VH-Had-enriched
VH-Lep-enriched
ttH-enriched

Reconstructed Event Category

ATLAS Simulation

H— ZZ* — 4]
13 TeV, 36.1 fb™

01 02 03

W ggF-0j 1 VBF-p!-Low
B ggF-1j-p-Low = ‘éiF;lF;’T(;ngh
. H -

B goF-tj-pT-Med g . 0p
B ggF-1j-pl-High g 1

B goF-2j I bbH

04 05 06 07 08 09 1

Expected Composition

Reconstructed event category BDT discriminant

Input variables

0j

1j -pf-Low
1j-p3t-Med
1j-p5-High
VBF-enriched-p7-Low
VBF—enriched-p,"r—High
VH-Had-enriched

VH-Lep-enriched
ttH-enriched

BD Ty

1j-p3t-Low
BDTVBFM

1j-py~-Med
BDT5r

BDTvgr

BDTy H-Had

Py, nae, Dzz-
p]T’ njs AR(Ja 48)
p]T’ M, AR(.]9 46)

12 e

mjj, Anjj ) p!r » P » 7725, ARJ%H, T )constrained
12« min

mjj> Ajj, P> P> Maes ARG 11




H—oZ/Z"

Decay Signal Signal A Other Total Observed
channel | (full mass range) background backgrounds | expected
4u 21.0+1.7 197+1.6 7.5+0.6 1.00 £0.21 | 28.1 +1.7 32
2e2u 15.0+1.2 135+£1.0 54+04 0.78+0.17 | 19.7+ 1.1 30
2u2e 11.4+1.1 104+1.0 357+x035 1.09+0.19 | 15.1+1.0 18
4e 11.3+1.1 99+1.0 335+0.32 1.01+0.17 | 14.3+1.0 15
Total 59+5 54+4 19.7+ 1.5 3.9+0.5 77+ 4 95
Experimental uncertainties [%o] Theory uncertainties [%]
Production | Lumi e, u, Jets, flavour Higgs Reducible | ZZ* Signal theory
bin pile-up tagging mass backgr. | backgr. PDF QCD scale Shower
Inclusive cross section
4.1 3.1 0.7 0.8 0.9 1.9 0.3 0.8 1.2
Stage-0 production bin cross sections
ggF 4.3 3.4 1.1 1.2 1.1 1.8 0.5 1.8 1.4
VBF 2.6 2.7 10 1.3 0.9 22 1.6 11 5.3
VH 3.0 2.7 11 1.6 1.7 59 21 12 3.7
ttH 3.6 2.9 19 <0.1 2.4 1.9 33 7.9 2.1




ggF-0/
ggF-1j -p?—Low

ggF-1-p”-Med
ggF-1j-p;’-High
ggF-2j

VBF-p/ -Low
VBF-p/-High
VH-Had
VH-Lep

ttH

H—oZ/Z"

T T T ]
— ATLAS

I | | I 1 I

H— ZZ* — 4]
13 TeV, 36.1 fb™

*+ Expected SM
l‘ Observed: Stat + Sys
SM Prediction

Reduced Stage 1 - IyHI <25

oB[fb] (oB)_ [fo] B

+240

s 880 > 730 = 50
n +150

+ 80 ., 170 + 25
n +110

£ 160 _ 120 = 20
' [ | +50

. 30" 24 + 5
n +160

R 200 *1%0 140 = 30

= 260 * 1% 88.6 + 2.7

+ ~150 O E £

O +50 +0.4

15 60", 4205

/5 < 200 +1.9

(95% CL) 36.2 ;5

/5 <160 +0.8

(95% CL) 16.6_,,

<110 +1.1

& @5%CL) 194 1

| | | | | I | | 1 | | | | | | | I —
o-B/(o-B)
SM



H—/Z/" fiducial & differential measurements

Leptons and jets
Muons: pr > 5 GeV, |n| < 2.7
Electrons: pr > 71 GeV, |n| < 2.47
Jets: pt > 30 GeV, |y| < 4.4

Jet—lepton overlap removal: AR(jet,£) > 0.1 (0.2) for muons (electrons)
Lepton selection and pairing

Lepton kinematics: pr > 20,15,10 GeV

Leading pair (m13): SFOS lepton pair with smallest |mz — my|

Subleading pair (m34): remaining SFOS lepton pair with smallest |mz — m|

Event selection (at most one quadruplet per channel)

Mass requirements: 50 GeV< m1p < 106 GeV and 12 GeV< m34 < 115 GeV

Lepton separation: AR(¢;,£;) > 0.1 (0.2) for same- (different-)flavour leptons

J/Y veto: m(€;,€;) > 5 GeV for all SFOS lepton pairs

Mass window: 115 GeV< myp < 130 GeV
Final state SM Higgs ZZ* Z + jets, tt Expected Observed

WZ,ttV,VVV
4u 20.1 +1.6 9.8+0.8 1.3+0.3 31.2+1.8 33
4e 106+1.0 44+04 1.3+0.2 16.3 +1.1 16
2e2u 142 + 1.1 7.1 +£0.5 1.0+0.2 223 +1.2 32
2u2e 108+1.0 4.6+0.5 14+0.3 16.8 + 1.1 21
Total 56 +4 259+2.0 5.0+ 0.7 87 +5 102
Oifid =0 XA,' X B = LN;(’ﬁtCi, Ci = 1]\\2’,1:::,



H—/Z/" fiducial & differential measurements

T prrrrprrrorprrrl
l I I I ! I
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1.4 1.4 —
i ATLAS Simulation Correction factor i i ATLAS Simulation Correction factor i
1.2H—= 272" — 4l - " o 1.2 H—= 27" -4l 8 " -
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1 . 1 -
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H—/Z/" fiducial & differential measurements

Cross section [fb] Data (+ (stat) = (sys) ) LHCXSWG prediction p-value [%]

O 4y 092 2 R 0.880 + 0.039 88
O de 0.67 *23 1008 0.688 + 0.031 96
Oz 0.84 1028+ 0.625 + 0.028 39
0224 1.18 o0 ot 0.717 £ 0.032 7
O dyr+e 1.59 *3f oIz 1.57 +0.07 65
O 2y20+224 202 T3 1.34 +0.06 6
O sum 361 +050 192 291 +0.13 19
O"comb 362 +050 102 291 +0.13 18
T ot [Pb] 69 1 +5 55.6 +2.5 19




H—/Z/" fiducial & differential measurements

a E T T T T .
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Higgs mass - only free parameter of the SM Higgs sector

>

Higgs mass measurement

clear and narrow my peak over smooth background provides

ATLAS-CONF-2017-046
36.1fb-1 @ 13TeV

minimal model dependence in H—=yy and H—=ZZ" channels

stat. uncertainty depending on mass resolution and number of events

syst. uncertainty from momentum/energy scale resolution of e/y/u

Electrons / photons

reconstruction seeded by EM cluster
electron: matching track from primary vertex
converted y: 1- or 2-track secondary vertex
unconverted y

calibration based on Z—ee data/MC

Separately for electrons, unconverted photons,
converted photons - with BDT technique

Muons

combined track-fit from ID and MS
calibration based on J/y—=pu and Z—up
especially critical for H—4l low-pT events

1200

800

Events /0.5 GeV
o
(@]
o

600

400

200

ﬂqs'I"'I"'I"'l"'l"'l"'l"'l"'I"-‘—
. ATLAS Preliminary +Calibrated data ]
— {s=13TeV, 36.1 fb™ — Corrected MC =
~ Z—ee Scale factor uncert.

ll|lll|ll||lll|ll

IIII|III|III|III|I

1.1F

®) " E E
= 1.05: - =
5 1 e
8 0'955 =
0.9F E

80 82 84 86 88 90 92 94 96 98
m,, [GeV]


https://cds.cern.ch/record/2273853/files/ATLAS-CONF-2017-046.pdf

Higgs mass measurement - H—4|

4-lepton selection: I-1l+4l-2l+2l

> 50 < Miead(ll) < 106 GeV
constrain to mz brings
15% resolution improvement

> Msub-lead(ll) > 12 GeV

> 110 < Ma-tepton < 135 GeV

Classified in 16-categories

> 4 |epton-pair channels
4de, 4, 2e2, 242e

> 4 multivariate BDT regions

Per-event invariant mass PDF as
convolution of the 4 leptons energy
response functions

(depending on lepton flavor, n, pT)

Events/ 2.5 GeV

60

50

40

30

20

10

P10

inclusive
[ I 1 | | I | | | | ] | I | | l I | | I I | | | |
- ATLAS Preliminary ~* Data
_ (s=13TeV, 36.1 fb — Fit
L HoZZ*— 4l Background

lllllllllllllllllllllIlll
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| I I I I (N I L1 1 | l L1 1 | l N S

115 120 125 130
m,, [GeV]

Systematic effect

Muon momentum scale 40
Electron energy scale 20
Background modelling 10
Simulation statistics 8

135

Uncertainty on mIZJZ;ﬁ [MeV]



Higgs mass measurement - H—4|

—_ 6 T 1 | 1T T 1 | 1T T 1 [ 1T 171 I | L L ] | .I I
4-lepton selection: I-1l+1l-2l+2l S [ aTL AS Preliminary —130mbmed:
= I 4y i
> 50 < miead(ll) < 106 GeV N 5[ (s=13TeV, 36.1 fb" —4e .
constrain to mz brings L H— ZZ*—>41 2u2e i
15% resolution improvement 43 ______________________________________________ e 22w _320
> msub-lead(") > 12 GeV B i
3_ —
> 110 < Mg-tepton < 135 GeV i i
21 -
Classified in 16-categories
. 4 Iepton_pair Channels 1_:_ ................................................................................................................................... _:_10.
4de, 4, 2e2, 242e - | | | .
> 4 multivariate BDT regions 22 123 124 125 126 127 128
Dominant channels are 4u and 2e2y, my, [GeV]
where the sub-leading lepton pair is 4u
Systematic effect Uncertainty on mIZ{T [MeV]
mZ<* =124.88 +0.37(stat) +0.05(syst) GeV Muon momentum scale 40
Electron energy scale 20
=124.88 +0.37 GeV Background modelling 10
Simulation statistics 8

(clearly stat. dominated)



52

Higgs mass measurement - H—yy

Analysis strongly inherited from
coupling / cross-section selection

» 31-categories (STXS stage-1) optimising
sensitivity to prod. modes

» 1 signal-model per category,
different Gaussian resolution,
different non-Gaussian tails

» signal PDF(myy) 2-sided Crystal Ball

» background model from empirical
analytical functions

14000 T
(\D b ATLAS Preliminary
£12000s, Vs =13 TeV, 36.1 fb"' ]
o - -
10000F- 't vy =
8000/ T v -

- "0, B .

6000 } Stat.Unc.
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4000 “teven, =
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0 i e D TS ririovirrrins
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- H—yy, m_ =125 GeV ATLAS Simulation Preliminary
014 Vs=13TeV
012:_ -0 =161 GeV _:
. ggH 0J Cen ]
01— _5—=214CQeV o MC ]
- ' — Model ]
0.08— ]
B ggH 0J Fwd .

~ e MC -
0.061 — Model ]
0.04F -
0.021- -

5 120 125 130 140

m,, [GeV]

Source

Systematic uncertainty on m};y [MeV]

m¥¥ =125.11 +0.21(stat) +0.36(syst) GeV

(syst. dominated)

LAr cell non-linearity
LAr layer calibration
Non-ID material

Lateral shower shape

ID material

Conversion reconstruction
Z — ee calibration
Background model
Primary vertex effect on mass scale
Resolution

Signal model

+200
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+110
+110
+50
+50
+50

+40

+20
=30

+20




ttH(multilepton categories)
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ttH(multilepton categories)

ATLAS Bl g mis-id [CttW
_ Otz [ Diboson
Is=13TeV B Fake 7, , E@Non-prompt
[ 0Other
2¢SS 37 SR 4¢ Z-enr. 4¢ Z-dep.

£

2SS +1 Thad 2¢0S+1 Thad 37+1 Thad 17+ 2Thad

3¢ ttW CR 3¢ ttZ CR 3¢ VV CR 3¢ ttCR
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ttH(multilepton categories)

2£SS 3¢ 4¢ 1642Thaa  26SS+1Thag  2€0S+1Thag 36+ 1Thag
Light lepton 2T* 1L*, 2T* 2L, 2T 1T 2T* 2L7 1LT, 2T
Thad oM oM - 1T, IM M 1M 1M
Nietss Npojers | 24,=1,2 >22,>1 >2,>1 23,21 >4,>1 >3,>1 >2,>1

Channel

Selection criteria
Common Nijets > 2 and Np_jers > 1
2¢SS Two very tight light leptons with pt > 20 GeV
Same-charge light leptons
Zero medium 1,4 candidates
Niets > 4 and Np_jets < 3
3¢ Three light leptons with pr > 10 GeV; sum of light-lepton charges +1
Two same-charge leptons must be very tight and have pt > 15 GeV
The opposite-charge lepton must be loose, isolated and pass the non-prompt BDT
Zero medium T1y,,9 candidates
m(€*€7) > 12 GeV and |m(€£*¢~) — 91.2 GeV| > 10 GeV for all SFOC pairs
|m(3€) — 91.2 GeV| > 10 GeV
4¢ Four light leptons; sum of light-lepton charges 0
Third and fourth leading leptons must be tight
m(€*€~) > 12 GeV and [m(€*€~) — 91.2 GeV| > 10 GeV for all SFOC pairs
|m(4€) — 125 GeV| > 5 GeV
Split 2 categories: Z-depleted (0 SFOC pairs) and Z-enriched (2 or 4 SFOC pairs)
1€4+2mhaq One tight light lepton with pt > 27 GeV
Two medium 1y,,4 candidates of opposite charge, at least one being tight
Nijets > 3
26SS+11,,9  Two very tight light leptons with pt > 15 GeV
Same-charge light leptons
One medium 7,4 candidate, with charge opposite to that of the light leptons
Niets > 4
|m(ee) — 91.2 GeV| > 10 GeV for ee events
2¢0S+11,,g Two loose and isolated light leptons with pt > 25, 15 GeV
One medium m,q candidate
Opposite-charge light leptons
One medium Th,q candidate
m(€*€~) > 12 GeV and [m(£*€~) — 91.2 GeV| > 10 GeV for the SFOC pair
Niets > 3
3€+11hag 3¢ selection, except:

One medium 74,9 candidate, with charge opposite to the total charge of the light leptons
The two same-charge light leptons must be tight and have pt > 10 GeV
The opposite-charge light lepton must be loose and isolated
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ttH(multilepton)

Pre-fit impact on p.:

1 0=0+A0 0=0-A0
Post-fit impact on p.:
I 0=0+A0 6=0-A0

—e— Nuis. Param. Pull

ttH cross section (scale variations)
Jet energy scale (pileup subtraction)
Luminosity

Jet energy scale (flavor comp. 2¢SS)
Jet energy scale variation 1

ttW cross section (scale variations)
ttZ cross section (scale variations)
Thag identification

ttH cross section (PDF)

ttH modeling (shower tune)

Flavor tagging c-jet/thaq

tte¢ cross section

3¢ Non-prompt closure

ttW modeling (generator)
Non-prompt stat. in 4th bin of 37 SR

A
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ttH(multilepton)

Uncertainty Source Au

ttH modeling (cross section) +0.20 -0.09
Jet energy scale and resolution +0.18 -0.15
Non-prompt light-lepton estimates +0.15 -0.13
Jet flavor tagging and 1,4 identification +0.11 -0.09
ttW modeling +0.10 -0.09
ttZ modeling +0.08 -0.07
Other background modeling +0.08 -0.07
Luminosity +0.08 -0.06
ttH modeling (acceptance) +0.08 -0.04
Fake 1,4 €stimates +0.07 -0.07
Other experimental uncertainties +0.05 -0.04
Simulation sample size +0.04 -0.04
Charge misassignment +0.01 -0.01
Total systematic uncertainty +0.39 -0.30
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ttH(bb

S/B
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Fraction of events
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ttH(bb)

Systematic source Description It categories

tt cross-section Up or down by 6% All, correlated
k(tt + >1c) Free-floating ¢ + >1c¢ normalization tt+>1c

k(tt + >1b) Free-floating ¢f + >1b normalization tt+>1b
SHERPASF vs. nominal Related to the choice of NLO event generator All, uncorrelated
PS & hadronization PowHEG+HERWIG 7 vS. POWHEG+PYTHIA 8 All, uncorrelated
ISR / FSR Variations of uR, uf, hdamp and A14 Var3c parameters All, uncorrelated
tt + >1c¢ ME vs. inclusive MG5_aMC@NLO+Herwic+: ME prediction (3F) vs. incl. (SF) tt + >1c¢

tf + >1b SHERPA4F vs. nominal ~ Comparison of ¢7 + bb NLO (4F) vs. PowneG+PyTHiA 8 (5F) tt+>1b

tt + >1b renorm. scale Up or down by a factor of two tt+>1b

tt + >1b resumm. scale Vary uq from Ht/2 to ucmmps tt+>1b

tt + >1b global scales Set uQ, Ur, and pf to pcMMPS tt+>1b

tt + >1b shower recoil scheme Alternative model scheme tt+>1b

tt + >1b PDF (MSTW) MSTW vs. CT10 tt+>1b

tt + >1b PDF (NNPDF) NNPDF vs. CT10 tt+>1b

tt + >1b UE Alternative set of tuned parameters for the underlying event tt+2>1b

tt + >1b MPI Up or down by 50% tt+>1b

tt + >3b normalization Up or down by 50% tt+2>1b




ttH(bb

Events / bin

Data / Pred.

Events / bin

Data / Pred.
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Pre-fit impact on .

0 = 8+A0 0 = 6-A0
Post-fit impact on .

0 = B+AD 0 = 6-A8
—e— Nuis. Param. Pull

tt+=1b: SHERPASF vs. nominal
tt+=1b: SHERPA4F vs. nominal
tt+=1b: PS & hadronization
tt+=1b: ISR/ FSR

ttH: PS & hadronization
b-tagging: mis-tag (light) NP |
k(tt+=1b) = 1.24 + 0.10

Jet energy resolution: NP |
ttH: cross section (QCD scale)
tt+=1b: tt+=3b normalization
tt+=1c: SHERPASF vs. nominal
tt+=1b: shower recoil scheme
tt+=1c: ISR/ FSR

Jet energy resolution: NP Il
tt+light: PS & hadronization
WHt: diagram subtr. vs. nominal
b-tagging: efficiency NP |
b-tagging: mis-tag (c) NP |
ET"°: soft-term resolution
b-tagging: efficiency NP Il

-2 -15 -1 -05 0 05 1

ttH(bb)

An
-1 -05 0 0.5 1

rrryrrrryrrrrprrirTrprrrTT T
l I I I l

ATLAS
\s=13TeV, 36.1 fb™

|

il

¢

1

e
TLQJ.iU-{--r'ﬁ._I--

I ]
"L'T"'

= | .9---+ ]

156 2
(6-6,)/A0

Uncertainty source Au

tt + >1b modeling +0.46 -0.46
Background-model stat. unc. +0.29 -0.31
b-tagging efficiency and mis-tag rates  +0.16 —0.16
Jet energy scale and resolution +0.14 -0.14
ttH modeling +0.22 -0.05
tt + >1c modeling +0.09 -0.11
JVT, pileup modeling +0.03 -0.05
Other background modeling +0.08 -0.08
tt + light modeling +0.06 -0.03
Luminosity +0.03 -0.02
Light lepton (e, p) id., isolation, trigger +0.03 -0.04
Total systematic uncertainty +0.57 -0.54
tt + >1b normalization +0.09 -0.10
tt + >1c normalization +0.02 -0.03
Intrinsic statistical uncertainty +0.21 -0.20
Total statistical uncertainty +0.29 -0.29
Total uncertainty +0.64 -0.61




Arbitrary units / 5 GeV

1.8

1.6

1.4

1.2

0.8

0.6

0.4

0.2

VH(bb)

ATLAS Simulation

\s =13 TeV, 36.1 b’ B
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VH(bb)

Z + jets
Z + 1l normalisation 18%
Z + cl normalisation 23%
Z + bb normalisation Floating (2-jet, 3-jet)
Z + bc-to-Z + bb ratio 30 — 40%
7 + cc-to-Z + bb ratio 13- 15%
Z + bl-to-Z + bb ratio 20 - 25%
0-to-2 lepton ratio ™%
M, DY S

W + jets
W + Il normalisation 32%
W + cl normalisation 37%

W + bb normalisation

W + bl-to-W + bb ratio
W + be-to-W + bb ratio
W + cc-to-W + bb ratio
0-to-1 lepton ratio

W + HF CR to SR ratio

Mpp, p¥

Floating (2-jet, 3-jet)
26% (0-lepton) and 23% (1-lepton)
15% (0-lepton) and 30% (1-lepton)
10% (0-lepton) and 30% (1-lepton)
5%
10% (1-lepton)
S

tt (all are uncorrelated between the 0+1 and 2-lepton channels)

tt normalisation

0-to-1 lepton ratio
2-to-3-jet ratio

W + HF CR to SR ratio
s, DY

Floating (0+1 lepton, 2-lepton 2-jet, 2-lepton 3-jet)
8%
9% (0+1 lepton only)
25%
S

Single top quark

Process Normalisation factor

tt 0- and 1-lepton 0.90 £ 0.08

tt 2-lepton 2-jet 0.97 £+ 0.09

tt 2-lepton 3-jet 1.04 + 0.06

W + HF 2-jet 1.22 +£0.14

W + HF 3-jet 1.27 +0.14

Z + HF 2-jet 1.30 £0.10

Z + HF 3-jet 1.22 +0.09

Categories

Channel SR/CR 75GeV < p¥. < 150GeV | p¥. > 150 GeV
2 jets 3 jets 2 jets | 3 jets

0-lepton SR — — BDT | BDT

1-lepton SR — — BDT | BDT

2-lepton SR BDT BDT BDT | BDT

l-lepton | W + HF CR | — — Yield | Yield

2-lepton en CR mpp mpp Yield | my

Cross-section
Acceptance 2-jet
Acceptance 3-jet

4.6% (s-channel), 4.4% (t-channel), 6.2% (Wt)
17% (t-channel), 35% (Wt)
20% (t-channel), 41% (Wt)

b, Py S (t-channel, Wt)
Multi-jet (1-lepton)
Normalisation 60 — 100% (2-jet), 100 — 400% (3-jet)

BDT template

S
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VH(bb)

SN B R
VH, H(bb)

[ =50 o L L
's=13 TeV, 36.1 fb™

ATLAS

— Total Stat. ( Tot.) ( Stat., Syst.)
+0.53 +0.39 +0.36
oL o 045 "7 (55375 034
+0.69 +0.40 +0.56
1L H®& = 1.43 -0.59 (—0.38 » -0.45
+0.78 +0.51 +0.59
2L F—eo—— 1.90 “os  (Cozgs J042
+0.42 +0.24 +0.34

llll!llll llllllllllllllllllllllllllllllllll
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VH(cc)

https://arxiv.org/pdf/1802.04329.pdf

Light-jet rejection
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| ATLAS Simulation
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Events / 10 GeV
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- c efficiency 41%
------ c efficiency 30%
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20 30
b-jet rejection

0.15
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0.5 = Yield, 50 GeV < m. < 200 GeV
c Sample
10.45.9 1 c-tag 2 c-tags
2 75 < pZ < 150GeV | pZ >150GeV | 75 < p% < 150GeV | pZ > 150GeV
04 © Z + jets 69400 + 500 15650 = 180 5320 + 100 1280 + 40
ko) VAL 750 + 130 290 + 50 53+13 20+5
0.35 © 7z 490 +70 180 + 28 55+ 18 26+8
i 2020 + 280 130+ 50 240 + 40 1326
0.3 ZH(bb) 32+2 19.5+1.5 4.1+04 27+02
ZH(cE) (SM) | -143+170 (2.4) 84100 (1.4) | -30+40(0.7) 220429 (0.5)
0.25 Total 72500 + 320 16180 = 140 5650 + 80 1320 = 40
0.2 Data 72504 16181 5648 1320

The observed upper limit on o(pp—ZH)xB(H—Cc) is 2.7 pb
at the 95% CL (expected 3.9 pb)

observed(expected) upper limit on u at the 95% CL of 110 (150+80-40)
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ggH cross-section

Using these input parameters, our current best prediction for the production cross section of a
Higgs boson with a mass myg = 125 GeV at the LHC with a centre-of-mass energy of 13 TeV is

o = 48.58 pb 557 Pp (15 750) (theory) & 1.56 pb (3.20%) (PDF+ax,) 1.4.3)

The central value in eq. (I.4.3), computed at the central scale up = pr = mpg/2, is the combina-
tion of all the effects considered in eq. (I.4.1). The breakdown of the different effects is:

48.58pb=  16.00pb  (+32.9%) (LO, rEFT)
+20.84pb  (+42.9%) (NLO, rEFT)

2.05 pb (—4.2%) ((¢,b,c), exact NLO)

9.56pb  (+19.7%) (NNLO, rEFT) (14.4)

0.34pb (+0.7%) (NNLO, 1/m;)

2.40 pb (+4.9%) (EW, QCD-EW)

1.49 pb (+3.1%) (N3LO, rEFT)

+ 4+ + + |

d(scale) d(trunc) d(PDF-TH) I(EW) o(t,b,c) o(1/my)

j(l’;}ggg +0.18 pb +0.56pb  +0.49pb +0.40pb  +0.49 pb

2% 10.37% +1.16% +1% +0.83% +1%




—

Events / bin

In(1+S/B) w. Events / 10 GeV

Weighted (Data-Bkg.)

III

I |
0*F —— Data E
E |:| Background (u=1.4) E
oo ) . =eeees Background (u=0)
= B H125)50c (u=1.4) S
E H(125)-7t (u=1) 3
0% E
1 O = B ] —
- ATLAS == :
_ (s=8TeV,2036" | ; i
1E (s=7TeV, 451" E
{_' | | 1 1 J 1 1 1 | ] | I} L1 l 1 | 1 | 1 ! 1 I 1 I:
4 3 2 - 0 1
log. (S/B)
10
S L L L L L L L L
- ATLAS —e— Data i
80— H— 1t VBF+Boosted — H(125) (u=1.4) ]
L= 1 Bl Z- e i
- Vs=7TeV,45fb . B Others ]
60 __ {g =8 TeV, 20.3 fb + Fakes __
- Uncert. ]
40— ]
201 -
o_ i
20F T T g .
[ — H(125) (u=1.4) f
[ e H(110) (u=1.6)
10 ---- H(150) (u=6.2)  ..}. ]
Ope—s—e—urtigs e e
e e
50 100 150 200

v

v

v

H—1tt

second largest BR(fermions):

lower than H(bb) but

cleaner signature

3 analysis channels: TiepTiep + TlepThad *+ ThadThad

events categorised in jet-multiplicity and pt(tt),
VBF-like and ggF-like categories

Fit of multivariate discriminant (MVA) distribution

main challenges of

the tt channel

» Invariant mass reconstruction & resolution
» background control: Z(—tt) & fake-thad estimate

ATLAS
m, = 125.36 GeV

Boosted W=217%5"03| | | |

04 [0 : : . .
ver m=T204"03] | T | i
7 TeV (Combined)y = 0.9 7|88 | j———— | i
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Signal Strength p
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032 (syst.) 4 0.09(theory syst.)

Significance o

Oobserved = 4.5 Oexpected = 3.4
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H— 1t - production modes
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H—tt - CP invariance

» HVV couplings as a test of CP-violation / CP-invariance

Y —
: : A - g : A'II'LASlSimuIIationI | | | | I :
HWW, HZZ decays and Hyy differential cross-section: 2 0.12] & _gTev ¥ —sM@=0 -
no deviations from Runi data o - 3 --d=0.1 -
o 0.1+ -d=-06 —
Direct test through VBF production (H— 1) 5 - ]
S 0.08[- =
O = -
CP-odd observable: £ 0.0} | .
sensitive to interference between SM and CP-odd contributions 004k MR E
» Optimal observable: combine multi-dimensional information in a 0023_ E
single variable from the VBF production LO matrix-element T
[independent from H decay mode] 008 6 4 =2 0 24776 8 10
Optimal Observable
-
2 Re(M¢,\,Mcp-odd) N
00 = most sensitive for smallest values

IMsml?

Results interpreted in the Effective Field Theory framework:
CP-violating effects from dim=6 operators on HVV: d parameter

Log = Lsm + GuanHA A" + GyazHA L ZY + GrzzHZ,, 7" + GrywwHW, W

Couplings parametrisation:

gHAA = ZL(C? sin® O + dpcos’ Ow)  Graz = ZL sin 26w (d — dp) ) i 1 g .
'ZW i ) ";W ) GHAr = GHzz = SGHWW = 5 —

grzz = 5 —(d cos’ O +dpsin®Ow)  Guww = ——d. W
mw mw
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H—tt - CP invariance
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ATLAS Run-1 Higgs combination

Eur. Phys. J. C76 (2016) 6
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ATLAS+CMS Run-1 Higgs combination
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ATLAS+CMS Run-1 Higgs combination
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ATLAS+CMS Run-1 Higgs combination
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Projections for future accelerators

R(E) = 0(ETeV)/o(14 TeV)

NLO rates
o(14 TeV) \ R(33) I R(40) R(60) R(80) R(100)
ggH 50.4 pb 3.5 4.6 7.8 11.2 14.7
VBF 4.40 pb 3.8 5.2 9.3 13.6 18.6
WH 1.63 pb 2.9 3.6 5.7 7.7 9.7
ZH 0.90 pb 3.3 4.2 6.8 9.6 12.5
ttH 0.62 pb 7.3 11 24 41 61
HH 33.8 fb 6.1 8.8 18 29 42




Projections for future accelerators

Coupling LHC CepC FCC-ee ILC CLIC
s (TeV)> 14 0.24 0.24+035 025+05 0.38+1.4+3
L (fb?) > 3000(1 expt) 5000 13000 6000 4000
Kuy 2-5 1.2 0.19 04 09
K, 2-4 0.26 0.15 03 08
K, 3-5 15 0.8 10 12
K, 2-5 47 1.5 34 32
K, ~8 8.6 6.2 92 56
K. -- 1.7 0.7 1.2 1.1
K. 2-5 1.4 0.5 09 15
K, 4-7 1.3 0.4 07 09
Kz, 10-12 n.a. n.a. n.a. n.a.
I n.a. 2.8 1% 1.8 3.4
BR. . 10 <0.28 <0.19% 029  <«1%
K, 7-10 - 13% ind. t+ scan 6.3 <4
KHH ? 35% from KZ 20% from KZ 27 11

model-dep  model-dep

FCC-hh
100
40000

5-10
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Coupling to top-quarks

Yiop from pp—tt H/pp—-tt Z

To the extent that the qgbar — tt Z/H contributions are subdominant:
- ldentical production dynamics:

o correlated QCD corrections, correlated scale dependence

o correlated ois systematics
- mz~my = almost identical kinematic boundaries:

o correlated PDF systematics

o correlated meop systematics . given y:op, we expect o(ttH)/o(ttZ)

to be predicted with great precision



VH - EFT interpretation

The VHbb channel is able to constrain some combination of parameters related to the dim-6
operators used to build the EFT Lagrangian (see arxiv:1404.3667 Ellis, Sanz, You)

LHCS8 ATLAS VH arxiv:1404.3667

EFT samples already under study in ATLAS: 0r————— — ' ]
. . : SM . .
mg5_aMC Higgs Characterization Model 60: o High prV : 5
500 cw=005 lowest background : '
MonteCarlo generation at NLO(QCD)+PS %0 + largest EFT contribution
- +.- ¢ rorp e 2? 300 T - g ié
L pp—~X,Z (Z—e"e) at the LHC8, NLO+PS 0" (SM) | : : i
i o' MD) — | N (Uesssses ' 1 "
107 7 arxiv:1311.1829v3 o D — - e - T Y e i
S5 0 — | 10
102 F T _EFT .
| B e ot
o [smoenomeawes L o 1 o
1.?4 :__NLO«!»PSfNLO _“ E D - ZQHZZZM,,Z“V’Z - gHZZZ,,auZ”Vh
2| : 1 4 | )
1=z - §Q§I%JVWWWW,IV’1 - [gﬁzivwW”f)"Wluh + h.c.]
* EFT Lagrangian with VH anomalous couplings

(mass basis, unitary gauge)
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light-jet rejection
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