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Motivation

In July 2012, the ATLAS and CMS Collaborations
discovered at LHC a new particle with a mass of 125 GeV

Further measurements indicated that this particle is
consistent with the Standard Model (SM) Higgs boson

Please follow talks on Higgs Boson studies!

H - p+u- probes the Yukawa coupling of the Higgs
boson to second-generation fermions, important in
understanding the mechanism of electroweak symmetry
breaking in SM

Several Beyond Standard Model (BSM) scenarios predict
a higher branching ratio

Deviations from SM could be a sign for new physics
Presented here searches performed using pp collision
data recorded with the ATLAS detector in 2015 and 2016
at 13 TeV.

The data set corresponds to an integrated luminosity of
36.1 fb-1+ 0.8 fb-1

ATLAS-CONF-2017-046

ATLAS Preliminary
Vs=13TeV, 36.1 fb

—— Total Stat. [ Syst

Total  Stat. Syst.

LHC Run 1 =4 125.09 £ 0.24 ( £0.21%0.11) GeV
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H—ZZ*—41 == 124.88 + 0.37 ( + 0.37 £ 0.05) GeV
I
H-yy 14 125.114 0.42 ( + 0.21+ 0.36) GeV
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Higgs production at LHC

Large cross section increase from 8 to 13 TeV:

Gluon fusion has the largest production rate,
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order of magnitude higher than VBF or VH
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Higgs Boson decays at LHC
‘tough’ modes (11%) observed decays (31%)

Yy

44

% 1__l T T T T T I T T T T T T I T T T | T T |__§
2 F ~ W Er
s N bb :§
S T (58%)
|210-1_ T ZZ _|3
+ ) o=I2 ' .
oC - — ~ \ ]
m i CcC 1
w : (o)
810_25_ - Decay Branching [%]
L - H — bb 57.5+1.9
I . H—>WW 21.6+0.9
102 H— gg 8.56 + 0.86
A H— 1t 6.30+0.36
' . H— cc 2.90 + 0.35
'4 | | 1 | | | | | | 1 | i | | | | | | 1 H %ZZ 2.67i0.11
107gg 100 120 140 160 180 200 H—> yy 0.228 + 0.011
M, [GeV
L TN ¥ 0.155  0.014
Higgs coupling to 2nd generation fermions (cc, up) H —> UKL 0.0218 £+ 0.001
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H - pp Monte-Carlo simulation vs. data JAILAY

CAFERIMEN?

PRL 119 (2017) 051802
Monte Carlo used:

- to model analytic function for signal processes > 10'g TS

- to optimize the event selection < - ATLAS +Data  —ggF > 100

: : ST 3 10°5 (s=13Tev, 351! [LDrel-Yan —VBF x100 -

- analytic functions to model m , distributions £ - OTor  —VHx100 3

for the total background O el [biboson ;

ggF and VBF generated with POWHEGBOX 10t .

at NLO QCD using CT10 pdf - f_LL -

10° = —

PYTHIAS for parton showering and hadronization - i

and H = uu events produced in VH g 1;—' _é

3 120 e

Hadronization and underlying event parameters  © 32' 3 **:
set according to AZNLO 10 415 4200 925 130 135 140 145 180 mf?Ge‘f]ﬁD

tuned on the Z boson p; distribution

measurement in 7 TeV pp collisions Pile-up: mean number of interactions
per crossing ~25

Higgs boson pT spectrum for the ggF process to

reweighted to match HRes predictions Full detector simulation with Geant 4
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CAFERIMEN!

Analysis strategy

* Single-muon triggers with the transverse momentum
p;> 26 GeV for isolated muons or
p;> 50 GeV for muons without any isolation

* The trigger efficiency is about 95% for the signal processes

* Select events with exactly two opposite-charge muons and classify them into eight
categories

* Muons reconstruction done based on Inner detector and Muon Spectrometer

* Cuts:
v' Leading muon p;> 27 GeV

v p;>15GeVand [n]<2.5

v' 110 <muu<160 GeV - fitting range chosen to avoid the Z boson mass peak
v' MET< 80 GeV

v'Veto events with b-jets
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Categorization: VBF SIANLAYS

CAFCRIMIENI

To select VBF events use a BDT
trained by 14 variables :

- dijet invariant mass m,,
-Any
- angular distance AR ;;between two jets
N 3
- transverse momentum of dijet system P

- ET

miss

Categories tend to use S/\/g ~1/Jo
ratio at different regions

Two categories defined using MVA W b ',‘_,‘_! > i it
. eie e g . P Time 2015-10-11, 18:40 CEST
to provide good sensitivity to the ¢ o\ :
H . / m(y, M) = 124 GeV
vector-boson fusion (VBF): N o b ety ey

VBF_loose: 0.7<BDT<0.9,

Signal events produced in VBF process likely to have
VBF_tight: BDT>0.9 two high-pT forward jets in opposite detector
hemispheres and hadronic activity between them



SATLAS

ggF categorization and BDT score distribution in signal region EXPERIMENT
Other 6 categories sensitive to signal § = AlnlAls S I-+I-|:I1atla . '_'gg;: X 1'00' ]
events produced in the gluon—gluon T L - 13TeV 3647 [JDrelYan —VBF x 100
fusion (ggF) at different muon n and i B T _ -
—. [ Top VHx 100 3
the transverse momentum of the - [[]Diboson .
dimuon system p#*: 10 = E
Low o < 15GeV 102 =|_|:|_ | |:__g
Central T - :I—| .—|_|_|— —
. I v B S S I
Medium = ME g
Central 15GeV pT a 0 BE—-_._-*-—_'_'_.__.—"—E
< 50GeV o SO
2 i | ' ' f K
BDT score

-0. 0 02 04 0.6 08
High

Clear signal separation from background and good description by MC
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Event yields

Central low p ##
Non-central low p ##

Central medium p #

8000 0.12
32 38000 0.16
23 6400 0.29

*Non-central medium p ## 66 31000 (.37

Central high p ##
Non-central high
VBF loose

*VBF tight

16 3300 0.28
40 13000 0.35
3.4 260 0.21

3.4 78 0.38

* Categories with higher sensitivities
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H— 1 signal and background modeling

@AI LAS

EXPERIMEN|
3 CFamassmuaton
Signal m , are shaped with a convolution of S TpomEmamE Eenresin
Cristal Ball ® Gauss : E o
1'55_ FWHM=57 GeV - Sionaimed E
Background m,,, modeled by 13 E
05K =
. B
PB (mﬂ/l) =T x [BW (mBW ’FBW ) ® GaUSS(O-GS)] R R 10
Am 3 M [GEV]
+(1_f)><e Iu'u/m/,[/,[ :“ LN B I LN LA L L L D e
8 °F amas E
g 30[ VEF tight 5=13TeV, 361 & ]
'E C y2indof=30.7/48 .
- 25;_ —a— [ata _;
Data set Upper limit @95% | Signal 20f T S ™
observed (expected) | strength 15 * 3
Run? 3.0 3.1 -0.07+1.5 0 E
5 .
Runl+Run2 2.7 2.8 -0.13£1.4 0
EE E: Hﬂhﬂ#&ﬂ;ﬂ“&ﬁ“ﬂ|'#+4+#+thﬁ+i¢ 3
ot -
PRL 119 (2017) 051802 b

110 115 120 125 130 135 140 145 150 155 160
my, [GeV]
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SM H—uuin pp collisions at /5= 13 TeV with CMS

BDT to enhance S/B 3 00T CMS provmrry S
. r barrel-barrel
BDT loosely correlated with VBF i PHHBA-28 Gl
0.008 — best mazs
BDT categories shown as separated by vertical lines | recoiution when

both muons
hiawe

The left most category and last two categories have only one n category L
The rest regions have three n categories: !
* Both muons are at [n,[<0.9

* Max. muon 0.9< [n,|< 1.9 CMS-PAS-HIG-17-019 oo
* Max. muon 1.9< |n,[<2.4 [

0.004 —

359" (12 TeV) R TR T 130'”"&!?",'”14{
A - m,, [GaV]
5 CMS Preliminary ¢ Data —ggH
T10° D[_}Y --qqH M oo qgi llzdn EwH Bwh Mt
Ofisst - ZH
vv --WH
10° OTTxX  --W'H
OVW - tH
1o e,
La
1{13
[
|
10
|_'_|_|_E l---

70 80 90 100
ignal fraction, %

i . ML
Lt7" -T-I-T-\I"FJH-:.I I OY P 8 AT O OO o 01 A
0 0.1 0.2 0.3 04 05 06 07 0.8 09 1

transformed BDT
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SM H—pyp in pp collisions at Vs= 13 TeV with CMS

CMS PAS HIG-17-019

5.0fb" (7 TeV) + 19.8 ™' (8 TeV) +35.9 fb™' (13 TeV)

5.0 (7 TeV) + 19.8 " (8 TeV) + 35.9 b (13 TeV)

=
n . . 1_
‘.E 9 CMS Pre’fml'nary —=— Observed g E CMS Preliminary
2 ----- Expected background only g B
& 8 B a [
= 7 [\ Y Sl il L e 10
E . =2 8 107
- - E
| 6 - = = Expected (SM my = 125 GeV) -
@] 5 C
R [oror s 20
& 4 102k . ~comb 0 g-i-l.[]
3 E_ Observation ;U125 — Y~_00
> - Expected(125)
1 qo-8 | Brpected T 3o
I\IIIlII\IIIIII\III|II\IIIIIIJIIIIIIIIIIIIIIIIIII EJIIII\IIIIIIIIIIIII{IIII{I\lllllllllllllllllll\ll
120 121 122 123 124 125 126 127 128 129 130 120 121 122 123 124 125 126 127 128 129 130
m,, [GeV] m,, [GeV]

Combined local p-value and significance as a function of the SM Higgs boson mass

Data set Upper limit 95% Signal
observed(expected) strength

13TeV @35.9fb1  2.64(2.08) 0.74 (0.98)
7TeV+8TeV+13TeV  2.64(1.89) 0.98 (1.09)
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Search for the Zy decay mode of the Higgs Boson FAILAY

EAFERIMENI

This analysis searches for the Zy decay of the Higgs boson JHEP 10(2017) 112
exploiting Z—ee or up.

w
Difference in branching ratio with SM prediction IF: y
*His a composite state V@ v
* in models with additional colourless charged scalars, leptons w

or vector bosons coupled to the Higgs boson and exchanged

inthe H-> Zy loop <[x:
............ H..... ;
Dataset 36.1 fb-1 of pp collisions at V s=13 TeV. i

The branching ratio for the H— Zy predicted by the SM
B(H = Zy) = (1.54 £ 0.09) x 1073 for mH=125.09 GeV

H—2Z 2.67+0.11
H— yy 0.228 + 0.011
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Search for H—Zy: Categorization

* Events split into 6 exclusive categories

| VBF enriched

Il High relative p';
Il ee high py,

IV ee low py,

V pphigh pr

VI pp low pr

* Provide 20% improvement in
sensitivity with respect to the Runl
categories PLB 732(2014)8

* Analysis benefits from larger dataset

* Increased production cross section

from 7TeV+8TeV to 13 TeV

| selected events |

>0.82 VBE BDT <0.82

>0.4

<04

Pr/mzy —l
ee

>
SAAITLA)D

EAFERIMENI

JHEP 10(2017) 112

lepton flavour }Ll

> 40 GeV <40 GeV

‘7 Pttt —+
\")

Dominant background: Non-resonant Z+y production
smaller contribution from Z+jets (jet mis-identified as a )

> 40 GeV

<40 GeV

v
v
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SIATLAS

EAFERIMEN

H—>Zy

= Signal model extracted by fit to m(Zy)

JHEP 10(2017) 112

: . > 4
= Relies on good mass resolution & 't ATLAS Preliminary s paa .
. - : e . L]
= Kinematic fit on Z to improve = 12 {,ﬁ;igﬁ;ﬁ;ﬁj fo Iia‘:kg,m‘;gd fit
. IS o ) |gna ]
m,, (m,.,) resolution by 7% (13%) L%a 10¢ -125GeV -
8- =
— 03— g ,_-—'03 U A AL I L L L S IR EULLN I - y
> F ATLAS Simulation ] > ATtAS Simulation 6 —
B 0.25- 5=13Tev ~No corrections ] 8025__ Vs =13 TeV ~ No corrections B i
= E pp—H-Zy, Zopue =FSR an.d m, = I pp—H—=Zy, Z—ee . ] C
£' 020 my=125GeV '  constaint £ 0.2 my =125 GeV +"a = Mconstraint 4 41— ‘ ‘ ‘E
Sk EON- S § : ; i
;015E i - 20.15 : 0: ] 2:7 +| ++ '[ +TT|
- o1 i * e - 01 Rl : = Tl | | a
£ s = _ r o= . Qo UL SRR AN BUNY FLEN S
0.05F on = 0.05F <t » 4 = L I B
E o3 ] g Iﬁ.. #i ] TR S e e I -
P e 0 135 Prs 120 TH25 T A30 135 0*4 . u.‘,;ﬁ‘},l%l%
Mz, [GeV] Mz [GeV} -Ej. _5_ .................................................................
0
115 120 125 130 135 140 145 150
m,, [GeV]
No evidence of localized excess visible near the anticipated Higgs mass
95% CL Upper EXﬁ?ctzdb\évsit::ut Expected with SM Observed
limit %9 Higgs boson
ecays
- BR/ (0 - BR)su 4.4 5.2 6.6
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H—Zy, Z —ee(up) and H->y™y, v* —>uu

Events selection: {
2 same flavor leptons and 1 photon \..__.--———;*
Separation Zy and y*y at m,,, m, =50 GeV

U
@
Categorization in order to increase S/B p
Signal efficiency 22-29%, sensitivity enhancement by categorization 11-18%
. Lepton tag: Untagged categories
J “V electron pT>7 GeV
. "H muon pT>5 GeV o
Dijet tag: e P

p

to enhance momentum
resolution of reconstructed

yue

M, — (M +n;,)/12<24

Boosted tag:

oq 09

--- H p" > 60GeV

i CMS PAS HIG-17-007
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Events / GeV

Signal and background modeling

Search for signal by shape-based analysis
Background fit function minimizes the bias introduced by selected shape
Background estimated from data and fitted by smooth falling functions

Signal is model:
- Double sided Crystal Ball for y*y
- Convolution Crystal Ball and Gauss for Zy

35.9fb " (13 TeV) 3597 (13 TeV)
T T T T | T T T T | T T T T I T T T T | T T T T | T T T T _] :.‘_ :| T I T T T T | T T T T I T T T T I T T T T I T T T T
B CMS H— v*y— puy —*— Data S 14_— CMS H— Zy— eey —— Data

100 — Preh‘mjnary EB, High R9 Background Model ‘; C Preliminary Di-jet tag Background Model
+1 st. dev. E 12— —— +1st dev.
+2 st. dev. - C —— +2 st. dev.

80 = C
10—

Expected Signal x 10

Expected Signal = 10

60

40

I I T
—

I BN AN AN BN A R AN
[+ .}

poc b b b b b

i 4
20—
- 2
L TR T T T A R R R 0
110 120 130 140 150 160 170 . 170

m ,,, [GeV] m,,, [GeV]
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95% CL Upper limit on o/,

95% CL Upper limit on o/ G,

S N B SN ®

35.9 b (13 TeV)
T | T

T | T
CMS

; H— Zy— 1y — Observed E
£ Preliminary — - Expected 3
= [ +1st.dev. |
£ [ ]+ 2 st. dev. E
E Il | Il 1 Il ‘ Il 1 Il ‘ 1 1 Il | Il Il | Il 1 | Il E
120 122 124 126 128 130
my [GeV]
3597 (13 TeV)
C T ‘ T T ‘ T T T | T T T T T | T T T ‘ T ]
g— CMS H— yy— uuiy  — Observed 3
= Preliminary — - Expected ]
E [+ 1st.dev.
6— [ ]+ 2st. dev. -
4c E
3 =
1= E
ELl Col e Ll
120 122 124 126 128 130
my, [GeV]

CMS pPreliminary

Observed (expected) upper limit for 6/c,, (H—>/ly) is 3.9(2.0)

35.9fb" (13 TeV)

H—Zy—lly, Lepton tag
H—Zy—eey, Untagged 1
H—Zy—eey, Untagged 2
H—Zy—eey, Untagged 3
H—Zy—eey, Untagged 4

H—Zy—eey, Dijet tag
H—Zy—eey, Boosted
H—Zy—uppy , Untagged 1
H—Zy—puy, Untagged 2
H—Zy—puy, Untagged 3
H—Zy—ppy, Untagged 4
H—Zy—puy, Dijet tag
H—Zy—puy, Boosted

R Obslezwea
o Expected
o Expected (SM mH=125 GeV)

Hoy*y—puy, EE
H—y*y—puy, Dijet tag
H—y*y—upy, EB Low R9
H—y*y—upy, EB High R9

H—Zy—lly, Combined

ined
< H— Iy, Combr‘na

+ 1 st dev.

|:| + 2 st. dev.

O/ Gy~ 1

10

95% CL upper limit on o/cg,,
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Search for exclusive Higgs decays to ¢y and py with ATLAS %A"-AS
EXPERIMENT

Rare exclusive decays H = @y ¢ > K+K - and H = py, p = it +r - to probe

* Higgs couplings to light quarks (the s-quark, and the up- and down-quarks)

* potential deviations from the SM prediction

Decays ¢ - K+K-and p = m +7t- reconstructed from pairs of oppositely charged inner
detector tracks

Background from random tracks and y combinations in multijet CERN-EP-2017-273
andY‘l'jetseventS > IS L B L B L I LI I B D 000 = L B BN B B Qe
§ 250 ATLAS _ i § C ATLAS _ ]
No significant excess of events z L e 2 sl e
Bl Ll 1 T
observed above the background - B
L 600—
150— — L
Upper limits at 95% CL the branching [ | -
100l f ¢ Data _ 00 .
B(H%d)PY) 4_8 X 10_4 E : -Back:mund L -Backzmund
50hy [ BiH=m=4.8x10* 200, [ BtH=pr=ssxio*
B(H—>pY) 88 X 10_4 [ ez—+m-0.9=10* K [ Bz—+pr=25<10°
. = 12 = 1.2F
and respectively o H et +++++++++++++++++++++ { £ 081§+++++*++++«***+%“~"*v"Nmc*»_n*»‘***w:«* |
g B | 4 g 8F

80 90 100 110 120 130

o ®B(H$¢Y)~ 25.3 fb~ 208 x SM My [GEV] v 12:1nw [122\/1
c e B(H>py):~ 45.5 fb~ 52 x SM
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Higgs decays to CC  with ATLAS @ ATLAS
Associated Higgs Boson production ZH — 1717¢cC,l =e, u CERN-EP-2017-334 EXPERIMENT

o
o

2 charm-tagging MVAs used to identify the signature H—cc

S o ATLAS Simulation g
. . . 5] - T —ceﬂiciencyn% 0.45 o
Events selection criteria: T ls=13Tev, & e o =
. . -— % efficien o
- two same flavor leptons, 81< m,, <101 GeV (consistent with 2) &  cixerceray wr 0.4
£ 10° 0.35 ©
. . . . . . .9 ’
-2 jets, at least 1 jet identified as c-jet -~ 03
jets pT>20 GeV, |n|<2.5
10°

The observed (expected) upper limit at 95% CL on:
o(pp = ZH)®B(H —¢C) =2.7(3.9"]) pb
1 =110 (150J_rig 3 4567810 20 30

b-jet rejection

> 5 T T T T T T T T T T T =
8 10 ATLAS + Data g %) L T ‘ T T T ‘ T T T T T T T T T ‘ \’ \D\at; T T T ]
---- Pre-fit 7 O 4| ] —
= Ys = 13 TeV, 36.1 fo” —Fit Result y o 10°E ﬁ’:LA? V. 364 15" - Predit E
=~ 10%E 2 cags, 75 < pZ < 150 GeV EZ +jets - = £ Ye=13TeV. 36.1 —Pit Result ]
P gs, 75 < py —t E P - 2ctags, pZ 2150 GeV I Z + jets B
5 mzz ] S sl = |
i =F . ¢ 10 .z E
3 = | L = mZw =
10 [ ZH(bb) E B [ ZH(bb) 3
— ZH(ct) (100xSM) é — ZH(ct) (100xSM) |
1 10° E
107 = E
10 10
’ 1
. . 1.4F7
k) S 12
o & 10
8 \ \ \ \ I \ \ f= 82 \ \ \ \ \ L
g 60 80 100 120 140 160 180 200 8 ' 60 80 100 120 140 160 180 200
m . [GeV] m . [GeV]

20
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ATLAS delivered luminosity

D
o

uoHeIqIEeD £ 10g [emul

"I—'_| L _ :‘ 400; LI | T 17T | T T 7 | T T 7 | T T 7 | T T 7 | LI \7
o] L _ . = -
=, ” ATLAS Online Luminosity _ (=) o : _ _ 1O
> 5o~ 2ipp a7TeV E £ 450 ATLAS Online, Vs=13 TeV [Lat=93 b E
g L = 2012pp Vs=8TeV - =3 - @ 2015 <u>=135 o
i< [ == 2015pp ?=13 TeV ] 2 300 [0 2016:<u>=249 7
£ ,n~ ——2016pp Ys=13TeV = E - [J 2017:<u>=383 7
3 40 2017 pp Vs=13TeV - E 250 B Total :ﬁ: =319 —
- C ] £ - .
@ - - 3 C .
5 30— - - 200~ E
2 r ] 3 - ]
© B ] o 150 —
0 20— -z = - .

- 1§ S 100 E
10~ i 50F- =

: : g‘ : L L L | | 1 L | L | 1 1 L L | 1 N l Il Il Il Il | L L :

- ——— e %% 20 30 40 50 80 70

AL oS AN oct Mean Number of Interactions per Crossing
Month in Year

LHC exceeds expecting performance

— Run I: ~30 fb-1 of 7 and 8 TeV pp collision data recorded

— Run 1I: ~¥90 fb-1 of 13 TeV pp collision data recorded — Peak luminosity above design
Up to 70 inelastic pp interactions per bunch crossing

Only a small fraction of acquired data analyzed!
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Events/ 0.5 GeV

—_ —_ —_ — —_ —_ — — C_DL
o O O o o o o o —
no w ~ 3] ;] ~ o (el o

Projection for HL-LHC: Higgs coupling to /"1~ %

T ‘ T T T ‘ T T T ‘ T T T ‘ T T T
ATLAS Simulation Preliminary

vs =14 TeV
| Ldt=23000fbo"

WH -, m =125 GeV
—Z-uu

LI
— WW- pvpv

II|III III\IlII
80 100 120 140 160 180 200

m,, [GeV]

LA I B B I B

[T

+ S+B toy Monte CarIoE

— S+B model

— B-only model -

L 7]
ATLAS Simulation Preliminary J

vs=14TeV ]
[ Lat=300010" ]

[ SRR B R A L1 L1 L1
110 120 130 140

[ A
150 160
m,,, [GeV]

AILA)

EAPERIMEN]

ATL-PHYS-PUB-2013-014

Coupling to 2nd generation fermions: litmus test for HL-LHC

Small branching 2x10-4 ATLAS Run2 (36 fb-1) 13 TeV : u=-0.1+1.5
Main background from Z/y*,tt and WW

300 fb-1
3000 fb-1

230
7.00

Ap/u +45%
Ap/u +20%

Optimized cut based analysis in the ATLAS Muon TDR
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L[] 300 3000
Neoh 1510 15100
NVBE 125 1250
Nw 45 450
Nzu 27 270
Nun 18 180
Ny 564000 | 5640000
A%, (model) 68 110
Ay (D 190 620
AT 750 2380
Signal significance 230 7.00
At/ 46% 21%
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Summary JAILAY

EAFERIMEN]

Standard Model and Higgs measurements reaching unprecedented precision

New analyses trying to target tough Higgs decays

LHC performance beyond design: 2017 another record year - data on tape larger than
what analyzed so far at 13 TeV

SM holding up very well to LHC tests
— Probing energy frontier
— Crucial understanding in the search for New Physics

The future of LHC could be in precision SM physics, depending on the scale for new
physics

2018 will bring even more data for pp and heavy ion collisions

Hopefully the High Luminosity LHC will provide the precision needed to further test the
Standard Model, Higgs Boson physics and better constraining or discovery BSM

Please follow public results by the ATLAS and CMS collaborations
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/
http://cms-results. web cern. ch/cmspresults/pubch res lts/publications/
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