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Summary of Run 1 results
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Run 1 couplings combination

> Best ATLAS+CMS fit for the ratio of production modes and BR
Cancellation of inclusive production theoretical uncertainties

Reference channel: smallest systematics and overall uncertainty: H — ZZ
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Run 1: Spin, Parity and mass

ATLAS and CMS

e Total Stat. [ Syst.
LHC Run 1 Total  Stat. Syst.
ATLAS H—yy P 126.02 £ 0.51 (£ 0.43 £ 0.27) GeV
CMS H—yy == 124.70 £0.34 (£ 0.31£ 0.15) GeV
ATLAS H—ZZ -4l | — m—| 124.51+ 0.52 (£ 0.52 + 0.04) GeV
CMS H—ZZ—4l —=— 125.59 £ 0.45 (£ 0.42 £ 0.17) GeV
ATLAS+CMS yy I—EI—I 125.07 £0.29 (£ 0.25 £ 0.14) GeV
ATLAS+CMS 41 l_}E_i 125.15 £ 0.40 (£ 0.37 £ 0.15) GeV
ATLAS+CMS yy+4l I—E—l 125.09 £ 0.24 ( £ 0.21 + 0.11) GeV
1 1 I 1 1 1 L l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I L 1 1 1 | 1 1 1 1 I 1 1
123 124 125 126 127 128 129
m,, [GeV]

> J" SM assignment tested versus alternative hypothesis combining angular
observables from H—yy, H—-WW, H—ZZ channels

Alternative hypothesis rejected at 99% CLs limit in favour of SM one

Tested Hypothesis Pl et Piouci  Pobs P, Obs. CL (%)
0; 25-100° 47-100° 085 7.1-107 4.7-107*
0~ 1.8-10%  13-10% 088 <3.1-10° <2.6-1072
2t (kg = Ky) 43.1073  29-100* 061 43-107 1.1-1072

2*(k; =0; pr<300GeV) <3.1-10° <3.1.-10° 052 <3.1:10° <65-1073
2%(k, = 0; pr < 125 GeV) 34-10% 39.10% 071 43.107 1.5-1072
2*(kg = 2kg; pr <300 GeV) <3.1-10° <3.1-10° 028 <3.1:-10° <43.107°
2*(kg = 2kg; pr < 125GeV)  7.8-1073 12-100% 080 7.3-107° 3.7-1072
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The LHC at 13 TeV

> Spectacular per‘for'mance of ’rhe LHC this year
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1 . . .
27.7 fb™ delivered luminosity

Inner Tracker  Calorimeters Muon Spectrometer Magnets .
Pixel SCT TRT  LAr Tile MDT RPC CSC TGC Solenoid Toroid 25.6 fb™ recorded at ATLAS

989 99.9 100 99.8 100 99.6 99.8 99.8 99.8  99.7 93.5 Newest results use at most 13 'Fb1

Good for physics: 91-98% (10.1-10.7 fb) 91-98% of the collected data with good

Luminosity weighted relative detector uptime and good data quality efficiencies (in %) during stable beam . . .
in pp collisions with 25ns bunch spacing at Vs=13 TeV between 28th April and 10th July 2016, qua| lTy for phys | CS analys IS
corresponding to an integrated luminosity of 11.0 fb-L. The toroid magnet was off for some runs, leading to
a loss of 0.7 fb’. Analyses that don’t require the toroid magnet can use that data.
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!I i;“ ATLAS Run 2 Performance highlights

> Strong effort to understand the detector performance

> Some examples:

> Electron/muon reconstruction, Improved b-tagging efficiency
trigger Gfld ldenT!flcaT-lon For 70% eff: ~400(10) rejection
efficiencies studied with data on light (c) jets
> Differences d C 5
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n !;!i;“ Higgs re-discovery at 13 TeV

ATLAS-CONF-2016-079 ATLAS-CONF-2016-067
> H—->ZZ — 4L > H— vy
1 . .

14 .8 fb PP collisions @ 13 TeV 13. 3 fb pp CO”ISIOHS @ 13 TeV
= T SRR R R g oo L, . ATLAS Preliminary
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TrotsM = 55.573% pb. ofia = 47.0 + 13.9 (stat.) + 5.4 (syst.) fb
Ttot = 81+ pb SM prediction 62.8 34 fb.
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Cross sectionsinH — yy & H — 4/

ATLAS-CONF-2016-081
> Cross section as a function of the

ATLAS-CONF-2016-067
> H — yy differential cross section

pp center of mass energy

as a funtion of p "
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L B P Ar1ascoNF2016-081

!i“ H—yy & H—4{ combination @ 13TeV

> Fitted VBF and ggF contours
Dominant systematics:

e/y energy resolution, y
identification efficiency

Theory: ggF acceptance in events
with fixed number of jets

F 70: T | T T T I T T T I T T T T T T I T T T l:
= - ATLAS Preliminary * SM .
o 60 ) ) + Best fit —
L E Vs=13 TeV, 13.3 ib’'(yy), 14.8 ib(Z2) — 8% CL ]
% B0F m, = 12500 Gev ===+ 95% CL —
- C —H —yy .
") A0 e, —H->2z" -4
30 —
20 —
10— =
O —
_10: 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 |:

0 20 40 60 80 100
(0 B) e/ BL,, [P

> Production cross sections assuming
SM BR:

Compatibility with SM: p_ = 21%

ATLAS Preliminary m,=125.09 GeV
{s=13 TeV, 13.3 fb™ (yy), 14.8 fb" (Z2)
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H — bb searches

Eﬂ i“
:
L

> Explore non-dominant production modes

> Vector boson fusion + photon (VBF search)
Use photon to trigger
bbyjj non-resonant bckg. suppressed by ~10x

> Previous inclusive VBF (H—bb) limits: qF+ = 65.08 fh
ATLAS: obs/expect. upper limit : 4.4/5.4 x SM —10%F — VI{ Y é _ - - —g;
CMS Run 1 obs/expect. upper limit: 5.5/2.5 x SM & | ik
CMS Run 2 (2015) Ew:— IE
obs/expect. upper limit: 3.0/5.0 x SM T

QCD + NLO EW)

pp — car (NNLO

I L Lol

> Associated production with W or Z

pp - WH (NNLO QCD + NLO EW)
op—» ZH (NNLO QCD NLO EW

(VH SeClr'Ch) E 4p = bbH (NNLO and NLO QCD .
Trigger on B MH=125GeV__
99 /105' | \ | I I '\IIST|W2008 ;
e/n from 7 8 9 10 11 12 13_ 14
\s [TeV]
W/Z decay WH: o = 1.373 pb

ZH: 0 = 0.884 pb
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WH and ZH with H — bb

> 3 channels: 0, 1, 2 leptons

> 8 event categories

0/1/2 leptons, 2/3 (or 23) jets, p7V >/< 150 GeV

> BDT discriminant

> Profiled likelihood fit to measure signal strength
Constraint main backgrounds
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i“ Results H—bb in association with a W or Z

ATLAS Preliminary Vs=13TeV, [L dt=13.2 fb!

> Combined signal strength with 13.2 fb™ of T T
pp collisions at Vs= 13 TeV st Tot. (Stat.  Syst.)
2 lepton [—H—o—- 024{332 (+g§§+8gg)—
— . +0.51 1 lepton |-  —o—= 0. 25*33‘21 (tggz fgg;) —
o u - =0.21_
o| VH’H b 09 +0.73 +0.59 +0.44
"2 Olepton |-  k—e—A 0.47 069 (" 055 - 042)
S . o 4. . .
N Systematic and statistical uncertainties of combination|-  #-e- 0.21+051 (+036 +036) |
% the same size B A S R R [
o . . . Best fit p=o/o__for m =125 GeV
& Dominant systematics from b-tagging and e
2 background normalization & modelling ATLAS Prelminary fs-13Tev. fLdi-132fb"
= W+jets, Z+jets, to T
2 ( J ‘ J ‘ P) B ;t; Tot. (Stat. Syst.) |
S 015+387 (+049 +34%) _

> Fit cross checked with di-boson signal
(WZ+ZZ with Z—bb) WH- e 0.330%5 (1288 +0%8)
Observed significance: 3 20

0.9120.17(stat) "3 (sys) R 021°35 (3% %%
- =+ stat SVS
Wy, = 0.23 (S, . , e'; : o),
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Fi“ Search for H — bb in VBF+y production

> Trigger:

L1 trigger: single photon (p_> 25 GeV)
High level trigger: 4 jets p_> 35 GeV, m > 700 GeV

> Selection:

Tight ID photon, p> 30 GeV
4 jets with p > 40 GeV

£ 0.12F ATLAS Simuiadon Preliminary HIVEF Foe 113 2 central (In|<2.5) b-tagged jets
it O.1EE= 13Tev ! E Atenfee e p_(bb system) > 80 GeV
0_08; . E Non b-tagged jets: m i 800 GeV
06 : + BDT discriminant
0.04- : = Built with variables uncorrelated to m
0'02;_ 1 AR(jet,y).m, Anj/.,H , jet width, ycentralzly phatance
9% 04 02 7T 0 202 04 0

BDT response

6 Define 3 regions with different S/B
Fit m_ in these 3 regions
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P ATLAS-CONF-2016-063

H—bb VBF+y results

> Use a profile likelihood fit Result H(— bb) +yjj| Z(— bb) +vyjj
> Non resonant background estimated  Expected significance 0.4 1.3
. . . ey Expected p-value 0.4 0.1
ith 2n inomial fit i pectec.p
with 2™ order polinomial fit inm Observed p-value 0.9 04
sideband Expected limit 6.0 23 1.8 1
. . Observed limit 4.0 2.0
> Fit tested SearCh'ng for Z—>bb + Y Observed signal strength | —-3.9 f%ﬁ 03 0.8
production:
Expected 95% CL limit: 1.8*0]
Observed: 2.0 > Low BDT score region: > High BDT score region
- S [ ATIAS F;r'elhvmlvn'a'r'y ——=Daia 4 FATAS p'rg'..ra.a'ar'y‘ —e—Data "'
. . (O] VBF H(125) + X10— (O] —— VBF H(125) + x10—
> Observed signal strength in| ¢ 122,{0W1B"’DTTGV 126t -giﬁﬁ‘é@g’): ER= :ﬁ.ghﬁgﬁv 260" mme-yicen S
. ‘2 140; — Ugger?asintyg 3 g o — ngg?:irlil;gd 3
the Higgs search: 2 ol ER 50;+ E
+2.8 1008 = 4°; - + é
Wy veriy™ —3. 9—27 = N 30/ ++$ + + N
> Expected 95% CL limit: 3 E 20 + H++é
6.0"23 = : o} +
17 :
> Observed 95% CL limit: i
4X(G XBR)SM _02350 700 150 200 250 300 350 400 450 %0 86L160 120 140 160 180 200 220 240
m,, [GeV] my, [GeV]
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?!I il;“ Search for Higgs boson in ++H production

> Many possible final states

Higgs decay mode | Branching ratio [%]
H—- bb 58.1
H—- ww 21.5
H— 1t 6.3
2.6 - . "
H> 22 \_ it semi-leptonic decay Y,
H- 0.23
A 4 ™
-
q
g LY ""4 g
"
| a
AR ;
T i,
Q0000000000000 3
’HHRTZ/H- 1
W 1 “*-::Ur
\_ H->WW, 3-leptons J;

P. Conde Muinio

e’ | St 16 15

R e o Y



Search for Higgs boson in +tH production

> Multi-leptons: cut and count in different & | amaseaimicay st — gy
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Results on ttH Higgs searches

> Combined signal strength: u=1.7 "oz(stat) o (sys)

L B L L L L I
L L I L B L I . ) 4
ATLAS Preliminary 1s=13 TeV, 13.2-13.3 fo" ATLAS Preliminary 1s=13TeV, 13.2-13.3 fb
—total stat. (tot.) (stat., syst.)
tH(H-yy) | —— .03 12 (2 +02 (13T3\,H1(;—|;bq) :
(13TeV1331b") . -1.0 ( -1.0° 0.2 ) : ) -
13 407 id ttH(H—WW/t/Z2) ‘
HH(HWW/r22) =—e—— 25 *I3 (07 ) (13 TeV 132 ") i
(13Tev13.2fb) H H
#1.0 [ +05 +09 ttH(H—bb) i
ttH(H—Dbb) === 21 To (L5557 ) (13 TeV132157) : : ‘
(13TeV 13.210™) . e T | Expected (u=0) + 1o
T T T T et 04 106 ttH Combination R Expected (u=0) + 26
ttH %%"%E\',?at'on F-e-d 1.8 “o7 (o4» 205 ) (13Tev) I — —— Observed
P +0. . ) ttH Combination ---- Expected (u=1)
ttH combination —e— 1.7 4(;_3 ( fg_g, fgg ) (7-8TeV, 452031 ") L
(7-8TeV,4520317) , | | | | T 1 > 3 4 5 6 7
0 2 4 6 8 10 95% CL limit tm =125 GeV
best it u_ for m, =125 GeV o IMIEONH, &l My=tes &6
>
Expected and observed —— T
Significance: Observed [o] | Expected [co]
ttH, H — yy -0.2 0.9
ttH, H — (WW, 11, ZZ) 25 1.0
ttH, H — bb 2.4 1.2
tfH combination 2.8 1.8
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!!i“ Search for the Higgs decays to muons

ATLAS-CONF-2016-041

> Very rare decay in the SM but important to probe Yukawa coupling

to second generation fermions

IIIIII|IIII|IlIIIIIIIllIIIIIIIIIII
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Beyond the Standard Model Searches

> High mass resonnances
> CP odd Higgs: A—~Zh— Ubb
> Charged Higgs: H'—1v, H'— tb

P. Conde Muinio ICHEP 2016 19
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High mass neutral Higgs boson searches
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High mass neutral Higgs boson searches
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Limits on neutral high mass Higgs bosons

> Limits defined for different production modes in most cases
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?!;!i;“ Search for a CP-odd Higgs A—>Zh with h—>bb

> Search for a CP-odd Higgs in gg fusion or bb production

b
Predicted by two Higgs doublet models ¥, q H\_ "
3.2 fb? of pp collisions at Vs = 13 TeV T
q Y e
> Two channels: q K el
2 leptons: A—>Zh— Ubb st .l
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ts of the search for A—>Zh with h—bb

> Profiled likelihood fit considering signal and
control regions

> Dominant systematic uncertainties:

calibration/resolution of small-R and large-R
jefs energy, large-R jets mass (high p_?), b-
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Charged Higgs search channels
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> Decay channels ' i
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§!! H — 1v Search
LI P

@ Hadronic t + hadronic top decay

> Discriminant: transverse mass
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> Observed 95% Cls limits on oxBR: > Exclusion in the hMSSM scenario

2. pb- 8 fb Significant improvements over
S 2015 results

— H™ — 1v Search
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H* — bt results

> Observed 95% Cls limits on 6xBR: > Exclusion in the mh"‘°d' MSSM
1.1 pb- 0.18 pb benchmark model:
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> bbbb final state

Limits on HH production

> WWyy final state
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Summary and conclusions

Eﬂ i“
:
L

> After the discovery of the Higgs boson in 2012, the ATLAS
collaboration has focused on the study of its properties

The Run 1 data at 7 and 8 TeV provided the first measurements, mainly in
bosonic channels

With around 13 fb™ of 13 TeV pp collisions we have
Re-discovered the Higgs boson in H — gg and H — ZZ — 4l final states
Searched for the Higgs decaying to b-quark pairs
Searched for associated production with top quark pairs
Search for new Higgs boson in a large variety of channels
Reached sensitivity comparable/better than in Run 1

> Given the current performance of the LHC, we expect improved and new
results in the future
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Search for H/A — tt

ATLAS-CONF-2016-073
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Search for new phenomena in H—yy + E ™
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Run 1 VH (H—bb) results

> Expected (observed) significance: 2.6 (1.6)
ATLAS  1s=7TeV, [Ldt=4.7 fb™; \s=8 TeV, [Ldt=20.3 fb” for a mass of 125.36 GeV
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> Search for a CP-odd Higgs boson A —Zh—Zbb with 3.2 fb™ of pp
collisions at 13 TeV:
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Di-photon resonance search
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