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Latest ATLAS 13 TeV Results

® Measurements of Higgs boson properties in the yy decay channel (36 fb1)

o arXiv:1802.04146 (Feb 12, 2018 — Submitted to PRD)
e Adds to previous conference note (ATLAS-CONF-2017-045 — July 2017)

® Combination of Fiducial and Differential Cross Sections (yy and 40)
(36.1 fb—1)

e Conference note: http://cdsweb.cern.ch/record /2308390 (Mar 12, 2018)

e Paper in final stages of preparation

e Last differential combination of yy and ZZ results was in December 2015 (3.2 fb1)

® Brief outline:

e Motivate differential cross sections and couplings (STXS)
e Introduce H—yy and H—ZZ7*—4£ analyses

e Describe differential cross section measurements and combination

e Focus on H—vyy Couplings Results
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Higgs Physics, H—yy and H—ZZ E@

XPERIMENT
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9 "OO000) ¢ W, Z
At b -— —h > —
N
9 OO0 q Sy
q t
gluon fusion (87%)  vector boson fusion (7%)  “higgstrahlung” (4%) ttH (2%)
e H—77—480 channel Higgs Decay Modes / BRs
e “Golden” — low backgrounds with 4 leptons (e,u) Decay Mode Branching ratio (7)
| | H — b 57.1
e Very low branching ratio: H o WW 929 1
e ~57 final events in 35 fb-l H — gg,cc, ss, 114
: H— 7171 6.25
e Fully reconstructed final state, lots of angles [ 2,74 xBR(ZZ 142)=0.0125%
e H—vyy channel H =y 0.228
H — Z~y 0.157
e Higher branching ratio — 1740 final events H — pu 0.021

e ... but much larger backgrounds (SM vy, vij, ij)

e Fully reconstructed final state
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K. Brendlinger

Precision Measurements with the Higgs

e Total Cross Section

e Extrapolate outside of detector’s reach

e Acceptance factor can be quite model dependent

e Fiducial Cross Sections - a measurement that lasts

e A cross section in a phase space matching analysis cuts
e Correction factor for detector effects typically small

e Rivet routine to allow theorists to run their favorite

generator and apply fiducial selection

e Fiducial Differential Cross Sections

e Gets the shape of interesting variables

e Deal with bin migrations by unfolding data distributions

o E.g. Correction factors for each bin

e Measurements of Production modes (couplings)

e Use lepton multiplicity, jet topologies, etc. to probe

production modes

e Details covered later

o _ Ndata — kag
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Differential Cross Section Measurements

Differential Cross Sections

Motivating the Higgs variables

Introduction to the H— yy and H—ZZ7*—4£ analyses

Differential Cross section results

Combination
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Differential XS: Which Variables and Why? A@)S

EXPERIMENT

Sarah Heim

Higgs kinematic variables:

—» QCD calculations

e Higgs pr
e Higgs rapidity » PDF
| | \ production
Decay variables (assuming H—Z7*—4]) modes
® Mi2, M34 —
® angles e spin/cp

Modeling of
—+ hard quark and

Jet variables

® # of jets, jet pt gluon radiation

e dijet variables: mj, angles between jets
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H—vyy Channel — General Introduction

e Trigger events with asymmetric diphoton trigger
(35 GeV, 25 GeV thresholds)

P AL L L L L L L -
: - & [ ¢ Daa ATLAS ]
e Select 2 tight, isolated photons g 600F= -..... Background (=13 TeV, 36.1 fo!
S ~ — Signal + Background m,=125.09 GeV ]
E\] 500— — Signal In(1+S/B) weighted sum  —
e Split up events: o E
o Categorize events according to topology (number of P E
leptons, jets, event kinematics with BDTs...) 200/ -
e Differential bins of variables with interesting physics 100f— .
o - el N .
e In each bin/category, model the background m,, 3
distribution using a falling function or a £
: 2
of ¢ E
polynomlal B T RS v R 1
e ... with as few degrees of freedom (DOF) as is required .. [GeV]

e Perform your S+B fit of my, distribution on data

e Signal is modeled using double-sided Crystal Ball
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H— ZZ— 40 — General Introduction

> 60 AARLAAMALAAMALAMSLAAMA
o FaSt FaCtS: Q) E ATLAS -S;:al (m =125 GeV) E
LQ 50 — H — ZZ* — 4| - Background ZZ* —
° electrons, muons, not taus ﬁ [ 13 TeV, 36.1 b B Background Z+jets, t, tT+V, VWV _
. ﬂ B 74 Uncertainty ]
e Fully reconstruct the final state S 40 —
> - |
e signal/background ~2 (115-130 GeV window) w b )
30 - B
: 20 -
e Event selection: § ]
e 4 leptons, very loose identification, isolation 10 - -
e Form 2 opposite sign, same flavor pairs .
e '"Z1o' consistent with on-shell Z; “Z34" with 80 90 100 110120 130 140 150 160 170
off-shell Z m),pR-eorected [GeV]
/—
e Constrain Zi2 kinematically to Mz 0
e Background estimates: i
c e 7Y
e Irreducible from SM Z(*)Z(*)—48, ttV, VVV )78
e modeled using simulation 7% 2
e Reducible from Z+jets and ttbar (and WZ), modeled
using data-driven methods ot
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Obtaining a differential distribution: H—Z7*—48 A@)S

EXPERIMENT

Reconstructed Distribution Obtain signal in each bin using fits in mae

> 3 5_] T 17T | T T 1T | T 1T | LI N A I I B | I_
O " ATLAS ¢ Data ] > Famas' T T e T
- - () F ATLAS + D
Q) - H—2zZ" >4 [ signal (m =125 Gev) . S S I — P
& 3 13TeV,36.1f0" B caciground 22¢ - 2 S ocver, coc  EEBTmmImeniv b
‘_ Y Uncertaint . -
E - Background Z+jets, tf, tt+V, VVV ] i 75 o ) ARAR SR AR RARARN bl n 2_9
o p ] 6 e o o ]
> //%Uncertainty T c LS P L
2.5 5 TLAS ¢ j
LLI h E > 7T ETT e L I B B
] 4F 0] F ATLAS ;D‘ j
a 35 (\5 9;_1"':%-- N I"_'_"T m\;‘\s"/l;a\'a"‘l"‘l"'j
° E g ol PPy
; 1 | ; [© =g ; e T
_— ke 6;— > 8 o] S T— eecidaalnalos Cal)
15 _ 0116 118 120 122 124 126 128 130 SE—LU 7 8(1)> Frrrrr [ T
E my [GeV] 42— 6 7 {S 3k QEAZSZ Y =ga9|akg'(m 1258 -
1 ] T i 2 3:* 5 6 *g 25E_ ;gng:/fi”?ssoGevE:“k:ed nd Z+jets, '“‘"W"_E
] b|n 1 EI 2— 4 s |2 P ey ]
0.5 _ 0=y 1= 3 4 2k A
| ¢ . o 2 8 150 4
i 1 2
| | 1 I.I 1 | Ll I_ 0 1 1~ —
50 100 150 200 250 300 350 " I I e
| osf =
[GeV] : . ]
4 e s 120 122 124 126 128 130
. m,, [GeV]
Correct for detector effects (correction factors) o bin 10
1.4__| 1T | T T 1T | T T 1T | T T 1T | 1T 17T | T 17T | T I__ Unfolded Dlstrlbutlon I
i ATLAS Simulation \\\Correctlon factor % 014— ATLAS ¢ o
1.2-H—> ZZ* — 4l é Bi it — O] C H>ZZ > 4 1 [ Syst. uncertainties ]
r . In puri 7] o) r Afo O XFx K = 1.47, + .
i 13 TeV, 36.1 fb ! 7 purtty ] g 0'12: 13 TeV, Se.1 o LAES(DFPSFKIZ1.11,AZXHXH ]
11— — A ol HRes 23 K = 1.1, +XH =
- — = QL_ T N XH = VBF+WH+ZH+ttH+bbH
- . K C p-value NNLOPS = 25% ] . . .
08_ _ -8 0'08:_ p—valueMGSFxe=42%_: Unf0|d by maXImIZIng
:H' 1 0.06 p-value HRes = 21% i . . . ]
06 - RN — SIS 1 the profile likelihood ratio:
i TR \\ A 0.04 L . A
\\\\\\\\\\\\\\\\\\\\\\ = - B . .L(O' 9(0' ))
0.4 . 0.02— '+ """ TR = Ao)=—""7-=
: : 0: Ty fooanng LSRR SRR SRR ﬂ\.-<:¢ 2. 24 .e . ‘L(O-’ 0)
0.2+ - > 25 .
i ] 8 2‘| | | _
O_I L1 1 | L1 11 | L1 11 | T | | I | | I | L1 1 I_ E 151: ___________________ I ___________________________________ :
0 50 100 150 200 250 300 350 8 M i
[GeV] 0 60 80 120 200 350
Pr 4 p., [GeV]

K. Brendlinger LHC Physics Discussion: ATLAS Higgs Results — May 7, 2018 9




H—Z7*—40 Differential Results
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H—yy Ditferential Results
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Combination of ZZ* and yy Channels
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e Channels are individually corrected to full phase space using an additional correction factor

e Unfolding combination performed by maximizing the profile likelihood ratio:

L(0,0(0))

Alor) = ¢
== 60

e Calculate a p-value between data and theory based on the profile likelihood ratio test statistic
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ATLAS-CONF-2015-069 » ATLAS-CONF-2017-047

90

o} E L T T 3 N ]
= gob ATLAS Preliminary — Oy My=125.00 GeV S 100k ATLAS Preliminary — G, mMy=12509GeV N
T - . i .
g E A Hoyy G H-ZZ -4l QCD scale uncertainty Ig [ AHoyy 0 H—ZZ*—41 _?CD scale unf:ertalnty
o> 70:— ¢ comb. data syst. unc. Bl Tot. uncert. (scale ® PDF+a,) o 80 - ¢ combined data mm Total uncertainty (scale ® PDF+o. )

systematic uncertainty

0\

10F Vs=7TeV, 451" E I Vs=7TeV, 450"
oE (s=8TeV, 203 b’ 3 - Is =8 TeV, 20.3 fb"
: Vs=13TeV, 321" . O Vs =13 TeV, 36.1 fb™ 7
B - T R E R T BT N 7 8 9 10 11 12 13
Vs [TeV] Vs [TeV]

New Results:
Measured total 6 = 57.07%- (stat.) 733 (syst.) pb
(prediction = 55.6+2.5 pb )
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Results - Differential Cross Section Combination
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EXPERIMENT

. nggs PT nggs M

-2§_ ATLAS Prellmlnary o= Z_Z* -4 % so A LAS Prellmlnary .

180 HoZZH-wy ¢ Combined . [ HoZZHow [0 NNLOPS (@N°LO) + XH

— | 13TeV, 36.11b 4 H-ovyy S gop 13TeV,36.1b SCETIib + MCEMS + XH
1'65_ +  HRes +XH 3 - i —
vaer o e a:. NNLOPS (@NPLO) + XH 40 =
teen I I RadiSH + XH - " ,, -

) ;5_ ,,,,, - 454544 XH = VBF+WH<+ZH-+1tH-+bbH S \ } S R { ‘ ,, =

. :— 1 N : = - T '" Tom s I e % ..... Y ]
0.6 \ * E o + """ ' { a L
0.4 bl ] N U A B i

= o M = 10— -]
0.2F J’ M m' _____ m_._ — - ]

= B AP 22 A A N e s B g it iiiiidtisiids: %
16— - 16 ' ' ' ' ' -

1.4 g "l . _ S 14p .
1.2 - ; . S 12 A -

1_ ______________ A YY" A 1T YUY OTTTY ] } 1_ """""""""""""" LI 0V ; """"""""""""""""" ]
5 1 L R o S o W N W
06 ™ "N ogEm EE_ = 06 -

0.4 | . . . . - 0.4 , . _
0 10 20 30 45 60 80 120 200 350 0 03 06 09 12 16 25
p" [GeV] d
Results compatible with Standard Model pvalues [%) P
HRes more discrepant - has a lower NNLOPS (@N°LO) 29 92
: : HRES 5 —
redicted cross section (NNLO+NNLL
P ( + RADISH + NNLOJET 20 -
accuracy) SCETLIB - 91
LHC Physics Discussion: ATLAS Higgs Results — May 7, 2018 14



Results - Differential Cross Section Combination
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Additional H—vyy Results

Additional H—vyy Results

e Using differential cross sections to constrain effective Lagrangians

e Couplings using Simplified Template Cross Sections
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Using Differential XS Measurements to constrain EFT
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Statistical correlation [%]

LHC Physics Discussion

EXPERIMEN

e Unfolded differential measurements can be used
to constrain effective Lagrangian operators

e Provide differential measurements of several variables,

e plus covariance matrices of statistical, experimental
and theoretical uncertainties to theorists

e With these two ingredients, can constrain parameter
space of effective Lagrangians

Constraints on Wilson Coefficients

H —yy, Vs =13 TeV, 36.1 fb”, m_ = 125.09 GeV

ATLAS

Cup = Cpw
K )m/% CFC%
/ <
\
N
N

0.2

Cyp = Cuw

68% CL
[ 95% CL
% Standard Model

| |
0.1 0.2

o
T
3
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Couplings using Simplitied Template Cross Sections A@é

o(VH)

low py.

high py,

{ = O'jet
> 1-jet

very high p¥.

o(bbH)

o(tH)

Particle-level (truth) categories

EXPERIMENT

(2)

Reco categories to be measured
individually

e (1) Split your Higgs particle phase space into “truth
categories’ (based on production modes, kinematics)

® (2) Construct reco categories to ~match truth
categories

® (3) Measure cross section in each category

e More model-independent than measuring signal strengths p.

e Maximize sensitivity of measurements, while

e reducing theory dependencies folded into measurement

K. Brendlinger
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Simplified template cross sections: H—Z7*—480 ATLAS

EXPERIMENT

Production bins Reduced - Reconstructed event categories
Stage 0 Stage1
O'jet : ] - I\Ijet =0
> | 0y < A
> i 1/-p,*-Low <
1-jet 60<p,"<120GeV 1 o ) 60 <p" <120 GeV| N, =1
> r 1/-p,*-Medium < '\
p;">120 GeV _ | p.* > 120 GeV
> ) 1j-p,*-High <
> 2-jets :
pJ < 200 GeV _ . | VBF-enriched-p/-Low < m, > 120 GeV
> VBF-p/-Low
VBF p/> 200 GeV . ' p/> 200 GeV N a2
> VBF-p/-High . | VBF-enriched-p/-High < jots \
. A

Hadronic V decay 1 m, <120 GeV

. VH-Had-enriched?

Y
A

Leptonic V decay

VH-Lep-enriched

1 ttH
ttH-enriched

. A

N
-

1 N_=5
ep

A

- +: VH-Had enriched is divided into p,* > 150 GeV
A TL A S . and p;* < 150 GeV sub-categories for tensor
« structure measurment

L]
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STXS Reco-Truth Matrix

Truth

***Theory migration uncertainties,

“Migration Matrix”

ATLAS Simulation H —yy, m_ =125.09 Gev
boH[ & @ : @ ¢t o:ooroioororo:o:o:o:o:o:o: B
tHW | @ @

tHq

ttH

gg — HIl (= 1-jet, p¥ = 150 GeV)

gg — Hll (O-jet, pY = 150 GeV)

gg — HIl (p¥ <150 GeV)

qq — Hll (p¥ =250 GeV)

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

g — Hiv (p¥ =250 GeV)

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

)

)

)

)

)

)

)

STXS Regions

qq — Hqq (p! =200 GeV

gq — Hqq (rest

qq — Haq (VH

g — Hqq (VBF-like, 3-jet

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

ggH (VBF-like, 3-jet veto

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

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

ggH (1-jet, pi =200 GeV)

ggH (1-jet, 120 < p" <200 GeV)
ggH (1-jet, 60 < pi' < 120 GeV)
ggH (1-jet, p <60 GeV)

ggH (0-jet)

VH dilep [~

but not theory vield uncertainties

A I I 0
Z0 NI>S=20IL>Ss 55505 T>T OO0 O MOANTOQOTDO
1520055000008 8525050080 EEEE822
Om#EImJEImBBSgQ“mJIJI SsoOMmm@IT T2
8ﬂﬂﬁﬁﬂ—)ﬂﬂ_)9_0.g)-—-o-86|_|_o_a CUCU'O'O'O-O::%%
I:CEFEFEN;“:N?:GJ'*-’S;-_‘:“'C'—LEUUJQW cCCgaa® -
T tIIT Lt oS oesT ST II<S<E<C L
=2 ) (&) < I — —

o8 8520069332 39L> 155 IZLZE
L
2>52 Reco Category

Region Purity / Category

K. Brendlinger
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Reco Category Purity (focusing on prod. mode) ATLAS

EXPERIME

Truth processes:
"ggH ver. WH izH lggzH [ittH [llbbH | tHg = tHW

ATLAS Simulation  # —yy, m_=125.09 Gev

tH lep Ofwd
tH lep 1fwd

ttH (ideally all purple)  tneom

ttH had BDT3
ttH had BDT4
tH had 4j1b
tH had 4j2b
VH dilep

VH lep HIGH
VH leptonic (ideally all light/dark blue) et
~ et 7 VH MET HIGH

VH MET LOW
jet BSM

VH had tight
VH had loose

VBF + VH hadronic (ideally all dark green) ey

VBF tight, low p!¥
Hii

VBF loose, low p
ggH 2J BSM
ggH 2J HIGH
ggH 2J MED
ggH 2J LOW
ggH 1J BSM

ggH + gg—>Z(—>qq)H ggH 1J HIGH
ggH 1J MED
ggH 1J LOW
ggH 0J FWD

*** Measured cross sections will be correlated, agH 0J CEN
0O 01 0.2 03 04 05 06 07 08 0.9 1
Fraction of Signal Process / Category

Reco Category
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so we must provide a correlation matrix alongside
our final results for proper interpretation




H— yy STXS Results

-1
's=13 TeV, 36.1 fb C lati d
ATLAS || ., m 212500 Gev orrelation among measured o
, .
H
ggH (0 jet) — -o- ggH (0 jet)
ggH (1 jet, p:' <60 GeV) — —— ggH (1 jet, pl <60 GeV) (-0.32 A TLAS
H (1 jet He12 V) — : ggH (1 jet, 60 < p! <120 GeV) (0.05 0.14 )
9H {1 Jet, 60 <y <120 GeV) T T Vs=13 TeV, 36.1 fb”
. ] . H
ggH (1 jet, 120 < p$<200 GeV) |— E'_._' ggH (1 jet, 120 = p” <200 GeV) |0.09 0.13 0.31 H— YY, mH=1 25.09 GeV
ggH (1 jet, p" = 200 GeV) |- : ggH (1jet, p' =200 GeV) (0.08 -0.03 0.11 0.12 —0.4
) T = '
ggH (= 2 jet, p" < 60 GeV) |- -t ggH (= 2 jet, p!' <60 GeV) |0.04 -0.16 0.20 0.17 0.02
= e [ _0.2
agH (= 2 jet, 60 = pH < 120 GeV) : ggH (=2jet, 60 =p! <120 GeV) | 0.01 0.27 0.08 0.28 0.01 0.19
- ’ 1 =
agH (= 2 jet, 120 = p' < 200 GeV) |- : JoH (= 2jet, 120 = pf <200 GeV) |0.03 0.29 042 0.21 0.07 0.26 0.38 —0

= y - T :
: H (= 2 jet, p" = 200 GeV) | 0. I ! .29 -0. ! ! !

GaH (= 2 jet, pt = 200 GeV) | 5 9gH (= 2 jet, p!! eV) [0.04 0.20 0.30 0.29 -0.04 0.19 0.30 034n o
5 H (VBF-iike) |-0.02 0.08 0.02 0.02 -0.02 0.00 0.09 0.10 0.

agH (VBF-iike) : . ggH (VBF-like) [-0.02 0.08 0.02 0.02 -0.02 0.00 0.09 0.10 0.06
_ : qq — Haq (VBF-like) [0.02 0.06 0.09 0.07 0.02 0.08 0.10 0.11 0.06
qq — Hqq (VBF-like) — ——

Haq (VH+Rest) aq — Hag (VH+Rest) (-0.07 -0.34--0.11 -0.35 -0.16 -0.11
qq — Hqq +Rest) |— o :

E qq — Haq (piT =200 GeV) |-0.07 -0.07 -0.22 -0.22@-0.11 -0.16 -0.24 -0.38 -0.07 -0.03 0.33

qq — Hqq (p'.T = 200 GeV)
VH (leptonic) |-0.02 -0.01 -0.01 -0.02 -0.02 -0.01 -0.00 -0.00 -0.00 0.00 -0.00 -0.00

ox: |

VH (leptonic) — —
: top (0.02 0.01 0.03 0.04 0.04 -0.02 0.01 -0.01 -0.02 -0.01 0.02 -0.02 -0.06 -0.11
top [—
e b v b b b b Ly g $ s 5 s s 5 s S 9 T B S T g
o 135888888322 ZFg §°
S © « S =} © « < =} S S I = 2
i > VoV VoW LY v N T T o= 9 I
Measured o x B normalized to SM o e MmN L 8 g M3
O - S -~ e S VO - = A
0 Vi Vi - Qo Vi v - T o
- o o 9 g o o B 1 S
= 8 § 2 ¢ 8 8§ o g g =
% & g 1 B g 2 o
© - 2 =] [=) o~ 2 T o
~ - o o) V] [=2] o
T ~ A N >
8 & T I
) 8 5
>

e Note that some truth categories have been “merged away’ due to lack of sensitivity.

e A theorist could take the above and plug in his favorite BSM model to see how it compares to data
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Measured o for each production mode

Vs=13 TeV, 36.1 fb” :
ATLAS H— yy, m =125.00 GeV Correlation among measured o
ATLAS
' _ -1
ggH |- : O gh Vs=13 TeV, 36.1 fb
: H— vy, mH=1 25.09 GeV
VBF ° Over
VH . N OvH
top - . 4 0top
II|IIII|IIIIiIIII|IIII|IIII|II - w - a
0 0.5 1 1.5 2 2.5 3 & > £
. o) @)
SM prediction Measured o x B normalized to SM
Process Result Uncertainty [fb] SM prediction
(lym| < 2.5) [fb]  Total  Stat. Exp. Theo. [fb]
egH g2 13 +16 T + 102712
VBF 16 +4 +2 3 8.0 +0.2
VH 3 +4 3 +1 2 4.540.2
Top 07 2 (fF B 153 1.34+0.1
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Conclusions

= 2.2: T T T T T r T T =

8 2f ATLAS Preliminary v o =

o 18:_ H—Z2Z,H— vy b Hovyy =

L UE| 13TeV, 36.1fb" £ HRes + XH 3

:'f%" 1-65— ------------ gN(Ij_gES(ﬁNaLO)+XH E

E 1:; %x;ws;wmzmnmbw E

e Fiducial and differential cross section 1:) | E

0.85 4. ||| “uom =

measurements in H—yy and H—>ZZ*—420 s \ ﬁw E

channels 2 L » /,,M"*-u NE

16— _ T 7

. . . . g 14 g H _

e Combination of differential measurements ] 1-%:+ _______ |} _____ A +.{|,+ ______ -

£ oS w grm BT

e Constraints on Effective Lagrangians using e

. . p?[GeV]
differential results

. . . . S eb ATLAS Preliminary | "-Z-4 ]

e H—yy Couplings using Simplified Template Cross T HozEow L

Sections s 0 e e e aan

40/ -

el |

202_ + i - * """ H—i

10 J """""" -

?f////////////////////////////////////////////y ; 2

g 14 :

J o

= eC i

0 03 06 09 12 16 25

|yH|
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Outlook — Run 2 Physics at 150 b1

Run Il so far...

F‘.IOO: | | | | | | | | T |
= 90 ATLAS

80E_Preliminary s =13 TeV
- _ Delivered: 93 fb'
705 [F]LHC Delivered Recorded: 86 fb’
- fae -1
60 -~ | |ATLAS Recorded Physics: 80 fb
- | |Good for Physics

Shown today

I
o

Total Integrated Luminosity Lfb’
(6]
()

30

201 5

10E- |

o—— |
PRI S LN S L VRN LI

Month in Year

® LHC has delivered 93 fb—1 of data so far in Run 2

® H—yy and H—>ZZ*—48 results using the first 36 fb-1 of this data

e Adding 2017 data will double the dataset for these measurements

e 2018 data-taking period began again on April 28

e Already reached a peak luminosity of 20x1033 cm—2s-1

e Looking forward to Physics with 150 fb-1!

2018...

|

K. Brendlinger
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Latest ATLAS 13 TeV Results E@

XPERIMENT

e Measurements of Higgs boson properties in the yy decay channel (36 fb-1)

o arXiv:1802.04146 (Feb 12, 2018 — Submitted to PRD)
e Adds to previous conference note (ATLAS-CONF-2017-045 — July 2017)

e Combination of Fiducial and Differential Cross Sections (yy and 48)
(36.1 fb—1)
e Conference note: http://cdsweb.cern.ch/record /2308390 (Mar 12, 2018)

e Paper in final stages of preparation

e Last differential combination of yy and ZZ results was in December 2015 (3.2 fb1)

® Other recent results:

e Couplings combination of H—yy and H—Z7Z*—40 (ATLAS-CONF-2017-047) — July 2017
e Mass combination (ATLAS-CONF-2017-046) — July 2017
e H—Z7*—42 Differential (JHEP 10 (2017) 132) — Aug 2017

e H—»ZZ*—48 Couplings (JHEP 03 (2018) 095) — Dec 2017

K. Brendlinger LHC Physics Discussion: ATLAS Higgs Results — May 7, 2018 26
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Additional H—Z7Z*—40 Variables

= R L I I I IR IURILS Ly I I A L N ]
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— 10 | H 77" S 4 [ ] Syst. uncertainties ] 0] L Ho727r S 4 [ ] Syst. uncertainties ]

D - 13TeV, 36.1 b DU MG FxFx K =1.47,+XH o Fe) 0.3F 13TeV,36.1 b I MG5 FxFxK =147, +XH

2 g - NNLOPSK =1.1, +XH ] "i = NNLOPS K = 1.1, +XH -

ks] P 'Va:“e '\NANG';OFPi = 5: :/ N XH = VBF+WH+ZH+ttH+bbH £ 025 = N XH = VBF+WH+ZH+ttH+bbH ]

o ~ p-value xFx = 60% ] N 7
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H—vyvy Differential Variables
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H—vyvy Differential Variables
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Monte Carlo and Predictions for Combination E@

XPERIMENT

® Monte Carlo used:

ATLAS-CONF-2018-002

Process Generator Accuracy in QCD PDF set

ggF PowHEG-Box v2 (NNLOPS) [19-22] NNLO in |y"| [23], PDF4LHC [24]
p¥ consistent with HQT
(NNLO+NNLL) [25, 26]

VBF PowneG-Box v2 [19-21, 27] NLO
VH PowHEeg-Box v2 (MINLO) [19-21, 28] NLO
ttH MaDGRAPHS_AMC@NLO (v.2.2.3) [29] NLO
bbH MabpGraPHS_AMC@NLO (v.2.3.3)[29,31] NLO

PDF4LHC
PDF4LHC
CT10nlo [30]
NNPDF23 [32]

® Cross section predictions used to normalize MC:

Process Accuracy

Fraction [90]

ggF N°LO, NLO EW corrections [36—49]

VBF NLO, NLO EW corrections [50-52]
with approximate NNLO QCD corrections [53]
VH NNLO [54, 55], NLO EW corrections [56]
ttH NLO [57-60]
bbH five-flavour: NNLO, four-flavour: NLO [61]

87.4
6.8

4.1
0.9
0.9
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Reconstruction-level Categorization

Category | Selection
tH lep Ofwd Nigp = 1, NE" <3, Ny_gg 2 1, N0 = 0 (9" > 25 GeV)
tH lep 1fwd Niep = 1, NEw <4, Ny > 1, NV > 1 (pf > 25GeV)
ttH lep Niep = 1, N5 > 2, Ny g 2 1, Zy veto (pf > 25 GeV)
ttH had BDTI Niep = 0, Niets > 3, Np—ag > 1, BDTyg > 0.92
tH, ttH (tHhad BDT2 | Nigp = 0, Niews = 3, Npsag = 1, 0.83 < BD Ty < 0.92 BDT
ttH had BDT3 Niep = 0, Niets > 3, No—tag = 1, 0.79 < BDTy < 0.83
ttH had BDT4 Niep = 0, Niets = 3, Np—ag > 1, 0.52 < BDTy < 0.79
tH had 4j1b Nip = 0, N&" =4, Ny_g = 1 (py > 25GeV)
tH had 4j2b Niep = 0, N = 4, Ny 0 2 2 (py' > 25GeV)
VH dilep Niep > 2,70GeV < mg < 110GeV
VHIepHIGH | Nip = 1, I, —89GeV| > 5GeV, pi 1 > 150 GeV
VH Lep VH lep LOW Niep = 1, Ime, — 89 GeV| > 5GeV, p' T < 150GeV, EM significance > 1
VH MET HIGH 150GeV < EM < 250 GeV, EI™ significance > 9 or EX'* > 250 GeV
VH MET LOW 80 GeV < EIS < 150 GeV, EI™ significance > 8
jet BSM pT’Jl > 200 GeV
VH had tight 60 GeV < my < 120 GeV, BDTyy > 0.78 %
VH Had VH had loose 60 GeV < m; < 120GeV, 035 < BDTyy <078 § BDT
VBF tight, high p;” | An; > 2, n,, — 0.5 + 1)l < 5, p7” > 25GeV, BDTygg > 0.47 } BDT
VBE VBF loose, high p7” | Any > 2, |, — 0.5(7 + 1)l < 5, p”’ > 25GeV, —0.32 < BDTygg < 0.47
VBF tight, low p7” | Any > 2, In,, — 0.5(75 + o)l < 5, py”) <25GeV, BDTygg > 0.87 % BDT
VBF loose, low p;” | Ay > 2, 117,y — 0.5(75 + o)l < 5, py”) <25GeV, 0.26 < BDTygg < 0.87
ggH 2] BSM > 2 jets, py/ > 200 GeV
geH 2J HIGH > 2 jets, pI7 € [120,200] GeV
ggH 2] MED > 2 jets, py’ € [60, 120] GeV
ggH 2] LOW > 2 jets, py’ € [0,60] GeV
ggH 1] BSM = 1jet, pJ’ >200GeV
ggH ggH 1J HIGH = 1 jet, p}’ € [120,200] GeV
ggH 1J MED = 1 jet, p’ € [60, 120] GeV
ggH 1J LOW = 1 jet, p}’ € [0,60] GeV
ggH 0J FWD = ( jets, one photon with || > 0.95
ggH 0J CEN = 0 jets, two photons with || < 0.95
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e The number of signal in a given reconstruction category sc is the sum of the

contributions from each truth bin:

acceptance factor

® L is luminosity
e O:'Y is the cross section x BR of a given truth category t
e These are the parameters we want to find

® Acceptance factor for a given truth bin t to fall into reco category c:
€ = Nic/Nt, estimated using MC

e (introduces small migration theory uncertainty)

fid “data,i — “bkg,z’
=

e Similarities with differential cross sections: o

e \Want our reconstruction categories to be
as pure as possible in a single truth category — analogy to bin-to-bin migrations

in differential XS
K. Brendlinger LHC Physics Discussion: ATLAS Higgs Results — May 7, 2018
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LHC Physics Discussion:

@ 4 BDTs are used to enhance certain production
processes (ttH, VH Hadronic, VBF (x2)

e Can significantly improve significance

e We try to avoid introducing large uncertainties by
avoiding variables that are poorly described by theory

BDT Score (VBF high-Py uj)

— Q08F T T I I g
S - ATLAS — VBF .
® 0.7 (s=13TeV,36.11b™ —— qaH —
S ~ Hoyy,m, =125GeV 99 o .
> 06F VYY) =
5 =g ¢ Data, sidebands A
c 0.5 —
O - .
S 0.4F —
I n -

0.3 =
0.2F =
0.4 =
01208 060402 0 02 04 06 08 1
BDT score
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