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Higgs physics in run 2
Run 1:
a Higgs boson discovered

a Couplings and spin/parity compatible with
SM, constraints on total width

a Mass known already with high precision
my = 125.09 £ 0.24 GeV

Run 2:

® 0yg1(13 TeV)/ogen(8 TeV) = 2.3
even factor 3.9 increase for ouy

a Some improvements in detectors
(e.g. ATLAS IBL) and analysis techniques

a So far: only = 15% of int. luminosity at 8 TeV,

systematics still larger than in run 1

SM Higgs analyses presented here mostly
preparation for measurements with higher
luminosity
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Scope of this talk ﬂ("'

This talk focuses on run 2 results about the 125 GeV boson
a H—yy
m ATLAS-CONF-2015-060: Fiducial cross section
m CMS PAS HIG-15-005: SM search
m ATLAS-CONF-2016-011: H — vy + MET
aH—>ZZ— 4l
m ATLAS-CONF-2015-059: Fiducial cross section
m CMS PAS HIG-15-004: SM search and fiducial cross section
a Combination
m ATLAS-CONF-2015-069: H — vy and H — ZZ — 4l
m H — invisible
m CMS PAS HIG-15-008: in ZH
m CMS PAS HIG-15-009: in VBF
a ttH
a CMS PAS HIG-16-004: ttH, H — bb
a CMS PAS HIG-15-008: ttH, H — multilepton
Run 2 BSM Searches for: Higgs-like resonances, resonances decaying into
Higgs+X, Di-Higgs production presented tomorrow by Hass Abouzeid
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H — 77 at ATLAS
ATLAS-CONF-2015-060

Important for H — v~ analysis

Identification of isolated photons
a Photon ID from EM shower shapes

a Improved PU stability of photon
isolation in run 2

Good mass resolution

a Primary vertex identification:
ANN to identify correct PV

a Photon energy reconstruction:
improved with regression trees
Backgrounds
a Dominated by diphoton production
a Contributions from fakes measured
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H — v at ATLAS

a Unbinned fit of m,,, no categorization
a Obs. (exp.) significance: 1.50 (1.90)

Fiducial cross section

oo — _Ns __ oia
b ABCLiww  AB
a Lin and efficiency C = 0.677 + 0.033
dominated by experimental uncertainties,
mainly of photon selection efficiency
m Acceptance A = 0.57 and branching ratio
B = 0.228% more theory dependent

Cross section result

af.d = 52 4 34 (stat.) T21 (syst.) & 3 (lumi.) fb
o =66.1158 b
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H — vy at CMS

CMS PAS HIG'1 5-004 E:Ms Preliminary 2.7 (13 Tev)
a Similar to run 1 analysis ’ Z

¢ Correct vertex : data
m Photon energy regression D corectverexsmiaion
m 83% vertex identification rate with BDT 015
m Photon identification with BDT
m All calibrated with Z decays

m Categorization

a ttH leptonic and hadronic category BT e o7 he
m Two VBF categories with BDT e

4 Misassigned vertex : data
[ Misassigned vertex : simulation

0.

°
2

H : : : MS Prelimin .7 b
® Gluon fusion categories with different S/B ULt A AR
. . S #Data Simulation background SM Hsry, m, 125 GeV|
and resolution selected with BDT g e
Z10° T (]

S MC stat. uncert.  [JtH

ggH categories

NN

SM 125 GeV Higgs boson expected signal yield
Total | ggH | VBF | WH | zH wH | o

Event Categories

86.24% | 7.13% | 3.73% | 212% | 0.79% [ 1.41
Untagged 2 f 43364 91.16 % | 4.80% | 239% | 1.29% | 0.36 % § 1.86
Untagged 3| 42.18 | 9218 % | 421% | 2.05% | 1.16% | 0.40 % W2.63,

VBFTag O 3.00 ¥ 3528% | 63.48% | 0.68% | 0.19% | 0.36 %

VBFTag 1§ 408 § 53.14% | 43.62% | 1.69% | 0.85% | 0.69% | 1.77
TTH Hadronic Tag §0.64 876% | 041% | 1.66% | 2.10% | 87.06 % | 1.56
00

7\ K
Untagged 0 [f2.08\| 76.19% | 10.06 % | 7.45% | 3.98% | 2.32% J 1.25
Untagged 1 f 30.44

H Leptonic Tag 2. 0.14% | 0.09% | 291% | 1.31% | 95.55% | 1.73
Total | 126.00] 86.92% | 7.87 % | 2.62% | 145% | 1.14% | 1.94

T e T o T
0 010203 04 05 06 07 0809 1
Transformed diphoton BDT classifier score
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H — ~~ at CMS
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m 1.70 significance (2.70 expected)
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H— ZZ* — 4] at ATLAS
ATLAS-CONF-2015-059

AT

m Fiducial cross section measurement at 7, 8, and 13 TeV
(high mass and dark matter search will be covered in BSM talk)

a Event selection: two pairs of isolated muons or electrons

a pr thresholds 6/7 GeV for
electrons/muons, || < 2.47/2.7

a Electron and muon reconstruction and
selection close to run 1

a Improved multivariate electron ID by
including dp information
a Calibration with Z events

a Backgrounds:

a Irreducible ZZ production from MC

m Reducible: determined in several
control regions with inverted dy and
isolation requirements
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from B-decay
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H — ZZ* — 4l at ATLAS AIT
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> 16 e AR ) ) i
§14 :TL;ZSPri:lmlnaryEHggsm mw,’ a Fit of my,, no further klngmatlg
g F it - E signal/background discrimination
€ r 1 Uncertainty ] X 123
S ok ] m Result of fit Ns = 1.077%
8 E m Expected for SM: 4.6 events with
6f E expected significance of 2.60)
af ]
.
08;) 90 100 110 120 130 140 150 160 170 Ofid = O. 6+ fb (Uf.d = 2.74 4 0.28 fb)
m, [GeV] Otot = 12+16 pb (atot = 50. 9+4 pb)
£ s AT pmeay o nomne
o TOF 4oombdaa systunc, TSN secrore) a Combined with vy measurement

in ATLAS-CONF-2015-069

Combined cross section results

10 V5=7Tev, 451° H

. g 2 7TeV. 8TeV 13 TeV
TR 3470 pb 33.372Epb 2475, pb
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H — ZZ* — 41 at CMS AT
CMS PAS HIG-15-004
m SM Higgs search and fiducial cross section (and DM and high mass search)
m Selection similar to run 1, pr > 5/7 GeV, |n| < 2.4/2.5 muons/electrons
a Additional cuts of invariant masses to supress backgrounds

m Lepton efficiency and momentum recalibrated in run 2
m Backgrounds

a ZZ: MC with NNLO k-factor for mzz
m Reducible: dilepton events with additional loose SS or OS leptons

CMS Preliminary 2817 (13 Tev) CMS Preliminary. 287 (13 Tev) CMS Preliminary 281" (13 Tev)
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H — ZZ* — 4l at CMS AT
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Fit of my, for fiducial cross section result
2D-fit of m4; and matrix element discriminant D’g;g in a VBF (0 events found
so far) and ggH category to extract signal strength

Fiducial cross section Signal strength

m 2.48 7149 (stat) 792 (syst) T00! (model) b m p = 0.821357, obs. (exp.)

2.39 £ 0.25 fb predicted by SM sign.: 2.50 (3.40)
a Different phase space definition compared ® Lower than expected due
to ATLAS: lepton isolation on particle level to low D’g}g in data
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H — vv + MET at ATLAS

ATLAS-CONF-2016-011
m Search for

a Decay of heavy scalar 2my < M < 2my)
into SM Higgs and dark matter
a DM production by heavy vector boson

a Fit for 125 GeV
Higgs in 4 regions
with different MET
and Higgs pr

a 275 GeV scalar
decaying into
60 GeV DM:
o X BR<29.6fb

a 2 TeV mediator:
o x BR < 1.73fb

95% CL Limit on o(pp-> H) x BR [fb]
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ZH with H — invisible at CMS AT
CMS PAS HIG-16-008 g
m Search for Higgs decays in LSP, DM, Graviscalars,

2.3 b (13 TeV)
T

E ‘*dala ‘vvv CMS
. © 10 fi z+jersly Wwtop-quarkpreliminary
a Selection a Background s lmm T ooy
a Z-boson candidate ® ZZ Production &
a Balanced by a WZ with
E7®® > 100 GeV missing lepton
a Fit of my to extract signal

Limit 150 200

\ . ET* [GeV]
a SM Higgs: B(inv.) < 1.25 (1.23 exp.) ey
- data ' W ‘ CMé

2317 (137ev)
T

)
a Also Ilmlt on CMS Preliminary | u>.| 20 Z+jetsly Ww-+top-quarkpreliminary
ann . ZH — 2+E}+0/1jets mwz —ZH(125) 0jet category
addditional inv. 3 mz

Higgs bosons:

my = 125 GeV

o x B(inv.) < 1.1 pb
(1.1 pb expected)

[ B(H - invisible) (pb)

| I Wit = FUVSY PRI N FETIN FETE PRI |
150 200 250 300 350 400 450 500 550 600
Higgs boson mass (GeV)

800 1000
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VBF with H — invisible at CMS AT

CMS PAS HIG-16-008

a Selection
a Forward backward jet pair

» EF > 200 GeV, A¢(EF™,j) > 2.3

a No lepton

a Improved background estimation:
combined fit in signal and 5 control

regions
a Z(pp) to control Z(vv)

a W(ev), W(uv), and W(rv) regions

a QCD control region:
Ap(EF™ j) < 0.5

Observed (expected) limit:

®» o x BR(H — inv.) /osu < 0.69 (0.62)

® In combination with ZH and run 1
mono-jet, hadronic VH: 0.32 (0.26)
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ttH Introduction AT
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a Main search channels:
m H — bb: high statistics, large background
and systematics, combinatorics
a H — vv: low background and low statistics
a H— WW/ZZ/rT with same sign or >3
leptons: fake lepton and ttV background

N TN

N N TN

m Run 1: ttH signal strengths > 1, esp. in multilepton final states
m Recent ATLAS publication with all-hadronic ttH and combination

JHEP 09 (2014) 087 new: arXiv:1604.0381
cMs 15=7TeV, 5.0-5.1 16" 15 = 8 TeV, 19.319.7 1" K AT‘LAS T T T ;=7rev“45m“ ]
e — — total 58TeV, 203 10"
i et () st
o5~ = HEo - e p=12 %0 %
Wl ———
al . HH(H — WW/wiz2) - b—e—n  p=21 0 o
s — - UH(H > bb) = b-e=d p=14 00 00
Same-Sign 2| |- ——
L _ ws w05 |
combinaton - i~ ttH Combination ‘ i--'-‘“ ‘ H-‘ 17 o o5
B B L s S By S B 2 0 2 4 6 8 10 12
Best fit /Gy at m,, = 125.6 GeV Best fit u for mH:125 GeV
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ttH with H — bb (CMS) AT
CMS PAS HIG-16-004
a Categorization according to jet and b-tag multiplicity
m 5 dilepton and 8 lepton+jets categories

= Signal and heavy flavor background increase with jet and b-tag multiplicity
m Best S/B: 1 lepton, >6 jets, >4 b-tags and dilepton, >4 b-tagged jets

lysis in all
New: Boosted category . g{:gi’:;gﬁt#n a

L CMS priminary a MEM discriminant:

a Two C/A1.5 H T i i
Wt P ate? @ using b-jet
fat jets kinematics to
@ Substructures discriminate
compatible with ttH vs. ttbb

boosted top a BDT: Exploiting
(HEP top-tag v2) b-tags, jet and

= Simplified a New: combination of
COmb|natOr|CS Di-filterjet mass of Higgs candidate bOth teChniques
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ttH with H — bb (CMS)
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CMS Preliminary 271" (13 TeV) CMS Pre/rmmary 27" (13 TeV) CMS Prehmmaly 271" (13 TeV)
° ASALOMARARSARRERSRARas Aasn nsnns 'Y T T 2 T
5 goF diepton, >djets, 3btags  e0aa w3 1 |epmn >GJE|S amags o H 1 Ieplun e ]ets >4ngs ol
S “IDL4 jets, 3 tagshit, Bin. | §wb Lbjets, Stagsi Bs o & wceono
g Fs/B=4/270 o ot une § S/B=17/1500 =és‘;‘;n r:« we. 3 E >=6 jets, 4 b
E . E 4 E i
s signal x15] 5 E high BDT output

BDT with
o o 2 ) o
H H ' MEM as |npuﬂ HR
s ¢ PTTTT 8 s . s
st VY 7
-1 08 06 04 02 0 02 04 06 08 08 06 -04 02 0 02 04 06 08 01 02 03 04 05 06 07 08 09
BDT discriminant BDT (incl. MEM) discriminant MEM discriminant
CMS Preliminary 2717 (13 Tev)

m Simultaneous fit of all categories

Lepton-+Jets -&- Observed

a Small signal with large background

Dilepton

m Large uncertainties on rates of tt+HF

0 a Limit: pyy < 2.6 (3.6 expected for BKG only)

95% CL limit onp = o/c_ atm, =125 GeV
s TH

Combined
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ttH with multileptons (CMS) AT

CMS PAS HIG-15-008
a Event selection
m 2 same sign / > 3 leptons (selected with BDT, trained with iso and ID variables)
m 4/2 jets, b-tags, additional MET and my cuts

a Irreducible backgrounds a Reducible backgrounds
m ttV, Diboson m B-hadron decays, fakes, charge flip
m From simulation m From data with fake rate method
a Constructing 2D discriminator of BDTs trained against the two backgrounds
” CcMS Pre//mmary . ‘2:?&, "(13‘Tev ” CcMs Pre//mmary . ‘2?qb "(13‘Te\{ " CcMS Pre/im/’nary . 230?'(13 Tev;
H pae _ diepion ] E 20F e diepton 5 E 18F m increasing  diepton
& 2B BDT against B T BDT. E D e mgy ttH/fake ratio
o2 fakes E wfSee against ttV E {=ls

o i

oF 3

: X

o i

Data/Pred.
Data/Pred.
Data/Pred.

-
=1-08-06-04-02 0 02 0.4 0.6 08 1 07 05-06-04-02 0 02 04 0608 1 1 2 3 4 5 6
MVA (ttH,tt) MVA (ttH,ttV) MVA (ttH,t/ttV) bin
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ttH with multileptons (CMS)

Events

Data/Pred.

ttH combination

CMS Preliminary 231 (13 TeV) CMS Preliminary 23 (13 Te
YT T e g = AR A AN
o trilepton S iafmn dilepton 3
16F @™ E T
[ 16fEm E
, s
14F@re E

12F
10F

Data/Pred.

05 1 15 2 25 3 35
MVA (ttH, tt/ttV) bin

‘ 3
T e
2

3 4 5 6
MVA (ttH, tt/ttV) bin

a CMS combined ttH run 2 results:
multilepton, H — bb, and H — v

a Best fit: 4 = 0.15

+0.95
—0.81

a Limit: u < 2.1 (1.9 expected for no ttH)

a Close to run 1 sensitivity
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a Combined fit of SS dilepton
and trilepton category

& Limit pgy < 3.4
(2.6 exp. for BKG only)

a Signal strength
LhitH = 0-7f11',‘11
°f;Ms

Preliminary

23277 (13 Tev)

ttH

BoeoN
®

ttH production limits
—e— Observed

Expected
[ +10 Expected
[ +20 Expected

95% CL upper limit on p,

Combined H- leptons H_.bb Hoyy
HIG-15-008 HIG-16-004 HIG-15-005
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Summary ﬂ(".

First Higgs boson signals at 13 TeV, significance so far below 3o
m 0.60 (2.40 expected) in H — ZZ — 4l by ATLAS
m 2.50 (3.40 expected) in H — ZZ — 4l by CMS
a 1.50 (1.90 expected) in H — vy by ATLAS
m 1.70 (2.70 expected) in H — vy by CMS
m 1.40 (3.60 expected) by ATLAS combination
a First measurements of 13 TeV cross sections
in 4 lepton and diphoton final state

a Limits on H — vy + MET by ATLAS
a CMS improved limit on invisible Higgs: B < 32% (26% exp.)

a No large excess over SM found in ttH production,
CMS combination: puy < 2.1 (1.9 expected)

m Experiments ready to measure Higgs properties with more precision
with additional 13 TeV data in 2016
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