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Presented results ’

- Focus on ATLAS results with 2015/2016 data (ICHEP and later)
- Comparisons with Run 1 results

- SM Higgs measurements (we re-discovered it at 13 TeV :) )
- See next talk for BSM

- Notes and links:

- 4l: ATLAS-CONF-2016-079
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- 4l+yy: ATLAS-CONF-2016-081

NEW! WW: ATLAS-CONF-2016-112

107"
2016 Higgs results not covered here: i
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Higgs production and decays ’
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H-> ZZ* -> 4l 14.8 fb" at 13 TeV

Events/2.5 GeV
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351 ATLAS Preliminary o %%,  _yzsce - Event selection (acc*eff: 15 - 35%)
L H— ZZ* — 4 - 1 . . .
S0 L 15 tev, 14810 —Fr E - 2 opposite sign, same flavor pairs
C % Uncertainty 7]
F : - 4e, 4y, 22

205_ E - loose IDs, loose isolation
15F
K - for 2016, lowest muon pt cut
10|
- lowered from 6 to 5 GeV

Z12 kinematically constrained to m:

0
80 90 100 110120130 140 150 160 170

m, [GeV] Cut on vertex compatibility of the 4

leptons

Background estimates

qq -> ZZ: Powheg, NNLO QCD, NLO EW mass dependent k-factors
gg -> ZZ: gg2VV, higher order k-factor

Z+jets, top backgrounds: data-driven estimates in control regions, process

dependent transfer factors to signal region




14.8 fb' at 13 TeV

H-> ZZ* -> 4], fiducial cross section
R R R AR RS RN RS RN RRRN
¢ Data
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~ ATLAS Prelimina

Z_H — Z7* > 4]
C 13 TeV, 14.8fb"

Events/2.5 GeV
-1 -t N N w
o (@) ] o (@) o
T T T 1T TTTT | TTT T | T

(8]
LI L

[ Higgs (mH =125 GeV)

- 7

B Zjets, tt -
tt+V, VYV ’

Events in mass window 118-129 GeV

% Uncertainty E Slgn al

YA

22.3T1.6

8.2%0.8

Z+jets/ttbar/etc. 1.54 £ 0.18

0
80 90 100110120 130 140 150 160 170

m, [GeV]

Total expected 32.0%1.8

Observed 44

- Signal extraction by template fit to invariant mass (ms fixed to 125.09 GeV)

- Unfolded to fiducial (and extrapolated to total) cross sections

o(fid) [fb] o(fid, SM) [fb]

ICHEP

Run 1(20.3 fb'1, 8 TeV)

4.54 +1.02/-0.90
2.11 +0.54/-0.48

3.07 +0.21/-0.25
1.30%0.13

- Split into final states (4e, 4y, 2e2p/2p2e), no surprises



H-> ZZ* -> 4l, production categories

14.8 fb' at 13 TeV

Split the events into categories

Use BDTs to improve purity

m,, [118-129] GeV

Fit for o(VH), o(VBF) and o(ggF+bbH+ttH)
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— ATLAS Preliminary ~|-Bestfit
FH— 77" - 4l —68% CL
" 13 TeV, 14.8 1" =+ 95% CL
- e SM

pr;>30GeV |
>=lleptons | | gt ||  gjet | | m<120GeV | | mi>120GeV |
(pr > 8 GeV)
Discriminant | | Discriminant | | Discriminant | | piociminant
Just counting BDT-ZZ BDT-1j BDT-2jVH BDT-2jVBF
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ggH+bbH+ttH

35

«BR(H — ZZ*) [pb]

o [pb] o(SM) [pb]

1.8 +0.49/-0.44
0.37 +0.28/-0.21

gsF
VBF

VH

0 +0.15

1.31 +/-0.07
0.100 +/-0.003
0.059 +/-0.002

Compatibility with the SM:

ggF+ttH+bbH -1.10, VBF+VH - 1.40



UATLAS
4 EXPERIMENT

Run Number: 191426, Event Number: 86694500

Date: 2011-10-22 15:30:29 UTC
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H -> yy, fiducial and differential cross sections 13.3 fb*at 13 TeV ’
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Signal extraction: fit to myy distribution e o oua ATLAS Preliminary -
~ 5000 = U Background Inclusive —
§2] n —— 8ignal + background -1 ]
. g 40002 — Signal L§=13Te\f13.3fb L -
(ms fixed to 125.09 GeV) ik rem, = 2500 Gev
: . : . 2000}
Unfolded with bin-by-bin correction factors ~ }
. . . 05..|.\.‘|4_._.—-...4_|‘...|‘.‘.J.,..:
Measured fiducial cross section: L -
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H -> yy, fiducial and differential cross sections 13.3 fb*at 13 TeV v
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Y weights / GeV

Y weights - bkg

H -> yy, production categories 13.3fb'at13 TeV "

- Divide reconstructed events into 13 categories

- simultaneous fit to myyin all categories

F T T T T T T T T T T T T T T T T T T T T T T T
200 o Data ATLAS Preliminary ! ! ! ! ! ! !
E e Background \s=13TeV,13.3fo" 7 imi
1:30E T g?g”a: + Background Hoyrm = 12500 GeV ATLAS Prellmlnary —e— Total
1eo)— T VoM™ S/B weighted sum of = - Vg =13 TeV, 13.3 fb_1
140 event categories =
= = +1.26
120~ E uttH — ® ! R = 0.25 _ g
100 — \ a7
E 3 +1.
80 :_ _: MVH I i uVH = 023 -1.05
60— — +0.80
- I — ——e— =c.
40— - l'LVBF Hyer 2.24 71
20 f— —] u _ +0.29
ok ] ggH [ —e— L 0.59 “o2
10 i
F ] _ +0.22
Sf — l»LRUn-2 I e MRUH-Z - 85 0.20
0 ] +0.28
E + + 4 uF§un—1 I e l'lRun—1 =117 o2
-5 F = v v v v v v v v b v e b e ey by
110 120 130 140 150 160 -2 —1 0 1 2 3 4 5
m,, [GeV]

Signal Strength

Results compatible with SM expectations



H -> 41 + yy combination: total cross section v

- Statistical significance of both channels similar

- Extrapolate to total cross sections with SM acceptance and BF

o) T . T .' S R B L B B
Z 100~ ATLAS Preliminary — G,y My =125.09 GeV _
% [ A H—yy ©H—ZZ*—4l -?CD scale uncertainty i
S N Bl Tot. uncert. (scale ® PDF+a.) i
Q s
o 8ok ¢ comb. data syst. unc. I
60 = ~100

Results compatible

Vs=7TeV, 45fb"
Vs=8TeV, 20.3fb"
Vs=13TeV, 13.3f0" (yy), 14.8 b (ZZ*)

7 8 9 10 11 12 13

with SM

expectations

Vs [TeV]
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H -> 4] + yy combination: cross sections per production mode

ATLAS Preliminary m_,=125.09 GeV
s=13 TeV, 13.3 b (yy), 14.8 o (22) Run 1 (ATLAS+CMS,

o ”
-8~ Observed 68% CL =~ SM Prediction all” d ecays,

POy my = 125.09 GeV)
60:— ATLAS Preliminary * SM E
E Vs=13TeV, 133 fo'(yy), 14.8 07(22) 1::;.‘3: 3 CggF - ATLAS and CMS - ATLAS+CMS
50; m,, = 125.00 GeV _:W:C:'; é i | LHC Run :QLL;\S
40E- . —H—-zzt -4 ] [ —tlc
E ] E I,L F —+— —+2c
301 = Over —— 99 —
20 = i i _g——
] VBF —
10F < = L g
E 3 'WHhad ® ]
oF B M . e
_10:.I...\.‘.\.\.I‘.‘I\.‘I‘.: = - ~
0 20 40 60 80 100 i __._.__
(- B) ¢/ B, [Pb] SVHiep ° ZH_ ——"‘——_::___
— = I’lttH
Gtop — L —1.-—
i
vl b b b b b b b L
IIII|II|I|IIII|IIH‘\H\‘IIIIlHH‘HII'IIII'IIII 717050 05 1 152 253 354
_5 -4 _3 -2 0 1 2 3 4 5 Parameter value
Parameter value norm. to SM value JHEP 08 (2016) 45

Results compatible with SM expectations
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H->WW -> lvlv 5.81 fb'at13 TevV =
New!

High BF, ~large backgrounds, final state not fully reconstructable

-> very challenging analysis, performed here in VBF and WH channels

Signal extraction

- fit to signal and control region yields (BDT shape for VBF)

- assume mx = 125 GeV

1 > C R N L
Main backgrounds 8 0 Arias preiminay 20, ZMes
. ®  70F \s=13TeV,581b" Top W Other WV
- top quarks (suppressed by b-jet veto), 2z & Howwoame :‘;:’F‘L{ ygher Hiss
g F T - Hiex 10 :
: : 50F Do =
WW, Z -> tTt, W+jets, ggF Higgs i ) ]
— 7 1 —
- Estimated through control regions 305 E
20F- =
10; —
TI e B T e ! rul , La n J_E

0 50 100 150 200 250 300




% H -> WW -> Ivly, VBF and WH cross sections 5.81 fb*at 13 TeV

VBF New!
post—fit
- 1 1 £ 350 | —
Select e/u pair + 2 jets 2 300f ATLAS Prellmmary ASo ﬁ”‘”“’" .
) i i 2 {s =13 TeV, 5.81 " e T
- Central jet, third and outside lepton veto £ | wwwoouue ) muw  (Jomeme
- Wr. OHe ]
- 2 signal regions based on BDT score 200 200 A
C g ]
150 % 150 =
u(VBF) = 1.7 +1/-0.8 (stat) +0.6/-0.4 (sys) : S ]
100 im;«%%%‘
C B . .
Run 1 (H -> WW, mx =125.36 GeV): 50 Ts | -
u(VBF) = 1.27 +0.44/-0.40 (stat) + 0.30/-0.21 (sys) O mweon zower  sm R
post- fit Fit regions
= 800 | T T T | | T
2 - ATLAS Preliminary * 7 S (ys)
WH 2 700F - 13 TeV,5.81 1" E::v E?:pm
E 600 WHoWWW —iiiy [ Other Higgs [0 WH

- 3 leptons, qwt = 1, MET

500

WV
- Wi+jets background negligible -

- 2 signal regions

W(WH) = 3.2 +3.7/-3.2 (stat) +2.3/-2.7 (sys)

b

- N
L% ) I =]

I

Rescaled y-axis for SRs
—
[=]

%]

CRa CRb CRec CRc CRd CRe
WZ/y Zy  etke i

Run 1: y(VH) = 2.1 +1.5/-1.3 (stat) +1.2/-0.8 (sys)

SR SR
Z-dominated Z-depleted

Fit regions



Summary

Rediscovered the Higgs boson in sqrt(s) =13 TeV collisions

- performed property measurements

- So far confirm the SM, no significant deviation

- But: many measurements still statistics limited

2016: collected data set at 13 TeV ~38 fb™ (compared to ~25 fb™ in Run 1)

- the best is yet to come!

Delivered Luminosity [fb™]

50: | | I I I I I .
45 ATLAS Online Luminosity 3
= 2011pp Vs=7TeV E
405_ m— 2012pp s=8TeV E
35F == 2015pp Vs=13TeV E
E = 2016pp VYs=13TeV ]
30L- E
252— _i
20; _i
152— _i
102— _i
5/ E
0: : : l ' ' —/-"I 4
AL ! W oct

Month in Year

UONEIIED 1/2
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ttH 13.2-13.3 fb'at13 TeV =

- combination of different Higgs decay channels

- including leptonic and hadronic top decays

T T I T T T | T T T I T T T I T T T I T T T
ATLAS Preliminary 1s=13 TeV, 13.2-13.3 fb
—total stat. (tot.) (stat., syst.)
ttH(H—yY) |——= - +1.2 +1.2 +0.2
(13 TeV13.3fb ") 0.3 -1.0 ( -1.0 0.2 )
+1.3 +0.7  +1.1
ttHH—>WW/t1/Z2) ——0—=— 925 by (4)_7,4).9 )
(13 TeV 13.21b™)
1.0 0.5 +0.9
ttH(H—sbb) H-e—— 21 ‘o (52,57 )
(13 TeV 13.21b™)
C o 0.7 04 +0.6
ttH combination H-e-- 1.8 %7 (54,55 )| 2.80 (1.80 expected)
ttH combination —o—=] 1.7 08 +O'5, +0.7
(7-8TeV,4.5203f07) , |, | T R (. %.)'5| .4)'.6.) 1.50 expected
0 2 4 6 8 10

best fit u_ for m =125 GeV
ttH

ATLAS-CONF-2016-068
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H->bb (VH) 13.2 fb'at 13 Tev ”

Large BF, large backgrounds -> not doable in ggF -> use VH (and VBF)
- Categorization into lepton and jet multiplicities
- BDT in each signal region

- mu =125 GeV

Main backgrounds: ttbar, V+heavy flavor pairs

ATLAS Preliminary —» Data
_ _ -4 Bl VH(bb) (1=1.0)
{s=13TeV [Ldt=13.21b el
tt

Events /0.5

mm Single top
mm W+(bb,bc,cc,bl)
B Z+(bb,bc,cc,bl)

Result:
u(VH) = 0.21 +0.36/-0.35 (stat) * 0.36 (sys)

(observed significance: 0.42, expected: 1.94)

Pull (stat.)

Run 1 (H -> bb only, mx =125.36 GeV)

log, (S/B)

u(VH) = 0.52 * 0.32(stat) T 0.24(sys)
ATLAS-CONF-2016-091
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Systematic uncertainties in the H -> WW analysis

21

VBF
Source Apver/pver [
Statistical +60 / -50
Fake factor, sample composition +18 / -15
MC statistical +15
VBF generator +14 /-5
WTW generator +11 /-7
QCD scale for ggk' signal for Njet > 3 +8 /-7
Jet energy resolution +8 /-7
b-tagging +8 /-6
Pile-up +8 /-6
QCD scale for ggF' signal for Njet > 2 +6
JES flavour composition +6 /-4
WW renormalisation scale +5
Total systematic +33 / -26
Total uncertainty +70 / -50

WH
Source Apwra /pwe [%)]
Statistical +120 / -100
MC statistical +60 / -70
Pile-up +22 / -26
Jet energy resolution +22 / -23
Top-quark generator +17 / -20
b-tagging +10 / -11
Top-quark PS/UE +7 /-8
JES flavour comp. +8 /-5
JES 7 intercalibration +7 /-6
WZ/W~" generator +7 /-6
Top-quark QCD scales +6 /-7
WZ/W~" resum. scale +5
Total systematic +70 / -80

Total uncertainty

+140 / -130




Generator choices in the H -> WW analysis
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Backgrounds

Higgs
Mode MC generator o-B (pb)
geF PowHEG [13,14,15]4-PyTHiA 8 [19]  10.387923
VBF POWHEG +PYTHIA 8 0.808 £ 0.021
WH PowlHEG +PyTHIA 8 (MiNLO [25])  0.293 £ 0.007
ZH  PowHnEG +PyrHIA 8 (MiNLO) 0.18912-00%

Background

MC generator

qq/g—eeel, bvee, by
gg—Leel Cvly

EW eeee, tved, bvbv
qq/g—WW, VAQVAC I Sy
tt, tW

tHW/Z, tZ

Wy, Z~

Z+jets

VBF qq—(Z—7171)qq
WWW WWZ, ZZW, ZZZ

SHERPA [16]

SHERPA

SHERPA

PowHEG +PYTHIA 8
PowHEG +PYTHIA 6 [38]
MADGRAPH 5 [17]
SHERPA

MADGRAPH 5

SHERPA

SHERPA




Events / 10 GeV

Variables used in the H-> WW VBF BDT analysis

properties of the H ->WW#* decay: Ag(ll), m(ll) , mT

properties of the VBF signature: Ayjj, mjj, pTtot, Sum(l,j) mlj, and n(l,

centrality)
60 '_I T I LI I I I TTrrr I TTrrr I | BN F G T I | SRR BR B I | P S8 | 'I | B B I | l LI l_ : :l LI [ Trrr I Trrr ' Trrr I Trrr I | SR 7R A | l 375:8,8 ol ] Trrr I LI l:
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