ATLAS Higgs Physics (Selected topics)
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» A set of Higgs physics results with ATLAS has been selected according to

the organizers indications.

* During Run 1, ATLAS-Spain covered all the “big 5" decay modes and some

BSM searches. I'm most familiar with H - WW(vIv), H - vy, H - tt and
H(125) — 1l.

« Current Run 2 Higgs activities: more focus on BSM searches and properties

measurements. Run 1
o

e Run 2 H(125) Measurements Results:
« Ho oy } First 13 TeV Higgs results
e H-o 1t

e Run 2 BSM Searches:
 LFV H(125) - «l
e« 2'A/H - 7
 X/H - hh = bbyy

Higgs BR + Total Uncert

o
o

-
Q
W
T

} First 13 TeV Higgs results
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Total Higgs x-section (LHC):
55 pb (55000 evts/fb") @13TeV

Only possible to present a short summary of all these analyses in this talk.
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Run Number: 204769, Event Number: 24947130
Date: 2012-06-10 08:17:12 UTC
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* Measurement of the Higgs

cross-section @ 13 TeV with
ATLAS data (2015 data)
and subsequent
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measurement of couplings
and differential cross-
sections with 2015+2016
data.

(88%) (7%) (4%)

* H - yyis a particularly interesting final state given the
good masss resolution and fair statistical power.

» Fiducial and differential cross sections are measured in a
variety of phase space regions sensitive to inclusive Higgs
bboson production and individual production modes.

* Analysis exploits fine separation in categories to enhance
the measurement of the sub-dominant production
modes.

* Measurement is extracted from the unbinned maximum
likelinood fit is performed on the m., spectrum in each

fiducial region or bin of a differential distribution.

VH hadronic tight

VH hadronic loose

ggH fwd high-pn
ggH fwd Iow»pn
ggH central high—pn

ggH central Iow-pn

Y weights / GeV

Y weights - bkg

ATLAS-CONF-2016-067
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ATLAS Simulation Preliminary H-yy \s=13 TeV
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ATLAS H — yy

* Signal strength measured in

: . ATLAS-CONF-2016-067
all the analysis categories
: : LSS L L L L IO B L B = L LR
gnd >I<—sec’r|<|)n meosurgd in 3 ~ ATLAS Preliminary H —> 7y ro G w[ATLAS Proimnay o miezosGay ]
fiducial regions: baseline, — 5=13TeV, 133" PSR LowE X0
VBF-enhanced and single mob — e b, =025 1% gol 0 B ] B GoSarmiSherpas XH -
lepton. T N by =028 2 B ot ]
e e w228 I A
« Differential x-section h L e <059 703 h‘”“_ 1
measured for 7/ kinematic I - s =085 '02 | I |
' iy uﬁ om0 1
variables sensifive to pQCD v, [ ot oy = 117 02 | —_—— 5 ]
. . \ . PRI AT UTRTATN EATATETIN B AU RIS B AR AR i ETATT N ettt ettt ettt
predictions, Higgs production 2 - 0o 1 2 3 4 5 X 2 ' ' '
modes and spin-CP. Signal Strength S 1@@ T,L
Variables include p,", Njets s ===
@ S0 =1 Y] >3
and Ad;; N
* X-SeICTllOn results ||m|Ted by Source Uncertainty on fiducial cross section (%)
statistical uncertainties. Baseline | VBF-enhanced | single-lepton
Theoretical uncertainties, Fit (stat.) 34.5 35.0 52.9
: Fit (syst.) 9.0 11.1 9.3
O”hough noh ,domannTl Photon efficiency 4.4 4.4 4.4
are not neg“glble- Jet energy scale/resolution - 9.4 -
Lepton selection - - 0.8
. Pileup 1.1 2.0 1.4
Meosure.menTS O:f The Theoretical modelling 4.3 9.4 8.4
differential and fiducial cross- Luminosity 2.9 2.9 2.9

section in the H - yy final
state starts to be
comparable to Run 1.




A TLE A C Run: 204153
ol Event: 35369265
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H— tTdecays to leptons

* H — ttisimportant for the determination

of the Higgs Yukawa couplings fo fermions  _ - JHEP15042015) 11 JHEP1S04 2019 11
and measure the VBF production mode. S 0% o z0s i s rwmeein
| b EEE

* ATLAS obtained Evidence of this decay 7 noet | "
(4.5 6) and recently Observation was 10
achieved combining with CMS. w0

£ ATLAS
L \s=8TeV,203f0" |
1E (s=7TeV, 451"

e T e o Wt P i v I MY
4 3 2 4 0 1

Data / Model

* |t is still the only leptonic channel
accessible for few more years and it is the
fermionic channel with the best sensitivity.

Lo Lo TR N SR
-1 0.5 0 0.5 1
BDT output log, (S /B)

Eur, Phys. J. C76 (2016) 658

My
v

* H — =t final state has also strong sensitivity T anas ] ATLAS ano CWS Driom
to VBF production mode and Higgs CP. 5 | sTmvasaw 2RI " Qu-z
LS | s= ev, 20. ] DH%T‘C ]

Elu. 10| — Observed W 4 or [JH-bb

F --- SM Expected

Observed Expected

Significance(c)  Significance (0) ok .
VBF 5.4 4.7 A | _
VWH 2.4 2.7 o u | | |
/H 2.3 2.9 L T _11_—68"({;CL OBestfit;*SMexpectedé _3
VH 3.5 4.2 ° 1 paride masl(};eV] Hagean
ttH 4.4 2.0
H->T1T 5.5 5.0
H->bb 2.6 3.7
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BSM Higgs
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LFV H — tuand Te

Eur. Phys. J. C77 (2017) 70

* The search for LFV decays of the ; ooy AT
, , . 8 o[ ATLAS,\s=8TeV,203 10" ER-s ATLAS e E
Higgs boson are an interesfing = \ - paapesr, O T G — i) < e 0n-2e]

' £ 80F- |:|Non—prompf 3 © 12 (s-8Tev [Ldt=2031" qumés-s‘s) -

door to New Physics, H — tu, te. & & =R ERN: o

= [ Z+jets 1 0 - :;:ir :::kgrounds (0s-ss)]

3 S sateysr ] 808 E

* ATLAS searches for LFV H — 1/ i I TR =
decays are in part adapted from ¢ ER e » -
the H - 7z analyses. 20E- 3 o o -

. .  J— — , N — X oH 3

» A data-driven method is used for g:i Y. Y T E 2™ . :
It, channel, relyi bry ool gttt I g et
TI' channet, re ylng on symmeitry of % 5'ct 100 150 200 250 300 350G 00 0 035 100 150 200 +250__
the SM bkg processes between epu (Y mMMC [GeV]
and pe final states. R e
i ATLAJS | B e 0| i AT’-AIS , —essophi

* Run 1 resulfs: S S T o

* BR(H — 7€) < 1.04%, 95% CL B Y

(exp. 1.21%) BB et N sz |
* BR(H — 7u) < 1.43%, 95% CL B SO I et
(exp. 1.01%) R e || e
N o o . N
* Excellent synergy with H — 1t R
measurement. 6&2' R 6'!2" R R ]
95% CL upper limit on Br(H —> pt), % 95% CL upper limit on Br(H — 1), %




BSM A/H & Z' — 1T

Eur. Phys. J. C76 (2016) 585

* Focus on early Run 2 searches for
Heavy bosons contribution, g
H/A = ttand /' — 1.

* This final state is very sensitive to a
large range of MSSM parameters !
space and is playing a key role for
Run 2 MSSM searches.

= Foatas T e om
2 10*E \s=13TeV, 321" _:::‘:;;OGev,tanu=20_E
2 E ThadThag Channel Multijet E
* Run 2 analysis focuses on final 2 ol =
states with at least one t__, C : -
because they have better g B e e
sensitivity at high mass. Particles and Fields

* Category with b-jets improves
sensitivity for MSSM scenarios with
large tanp.

Data/Pred

3 10F amds | e

© E 1s=13TeV, 3.2 fo" _:/A:(:SOGeV.lanB=20§

E 10%E  TiepThas Channel [, single top E

\ . ] © brag Validation Region g S84 #4°° ]

* Main backgrounds are Multi-jet, ARTIS e
E P ;7,.//,2//&// 2 uncentaint y

tfop-quark production and Z — 1t 1 .

E L aminin

pProcesses.

107 E =

@ Springer

//////////

7
//////////
/////

..... )
M [GeV]

Data/Pred

Luca Fiorini 10



BSM A/H& Z' — 1T

Search updated to 13.3 fbo' in
summer 2016.

Inthe 77, final state, a

category of events selected by
E, ™ trigger is used to recover part

of the events not selected by
lepton triggers.

Result obtained from a femplate fit
of the m."" distribution, a mass

observable related to the
fransverse mass to achieve
maximal separation of signal and
backgrounds with fake taus.

Result is interpreted in model-
dependent and independent
ways, with and without b-jets in the
final states. It is interpreted (with
small changes) also in terms of

/' — 1t search.

Luca Fiorini

ATLAS-CONF-2016-085
m = [mE(E™SS 1) + m2(E™SS 1) + m2(11.1)
T — T T s 1 T T s V2 T 1. 62)s
3 = L n I % I ATLAS Plrelimina;y - Ollnservled I
& 1 — = H/A — v, 95 % CLlimits ~- - Expected
S [ ] 10%F {s=13TeV, <133 fb" o =
T .. 4 E hMSSM scenario [ 2015,3.2 b (Obs.) 1
0.8 ATLAS Preliminary _ 7
Vs=13TeV, 10.1 fb™
0.6 —
i rdqmdchannel 10
0.4 Data
i + 3 | [[] ATLAS Run1, SM Higgs
- — Fit i boson couplings (Obs.)
0.2 _| - J
B . = Thadthag (EXP)
r = T Thag (EXP)
0 - 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1 h 1 [ 1 1 I p h d[ I
100 150 200 250 300 300 500 1000
> -2miss
1P () +E_ | [GeV] m, [GeV]
3 L T T T I T -I . T I T T T | T T T I T T 3‘ L T T T I T .I | T I T T T I T T T | T T
oY ATLAS Preliminary —— Observed o ATLAS Preliminary —— Observed
,‘:\' 10E H/A — tt, 95 % CL limits ; E;‘Pecfed _ E‘\ 10k H/A — r, 95 % CL limits ; E;‘peded _
FOF 5=13Tev, <1331 2o - ¥ f5=13Tev, <1331 iy E
< I gluon-gluon fusion [ 2015,3.2fb" (Obs.) < - b-associated production [ —72015,3.2 0" (Obs.)
z z
% 18 % 1B
X £ X £
o] 0
107"k 107"k
" ThagThag (EXP.) " ThagThag (EXP-)
1072E = TegThaa (EXP) 1072 = TigTyq (EXP)
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ATLAS hh — bbyy

* Small excess observed in ATLAS-CONF-2016-004 X — hh — bbyy

this final state in Run 1.
* First blyy search with 13 TeV s
data to seek confirmation 1
of the excess performed L
with 3.2 flo !,

s N
yy SB

> bbyy final state: I | S AN

* With current luminosity
searching for enhnancement
above SM:

* NP search for heavy
resonance decaying to hh

* NP search for non resonant
double Higgs production.

« The search for non-resonant production is performed from the fit of the 2 b-tag
region. The 0 b-tag region sidebands is used to determine the background shape.

* The search for a resonant di-Higgs production is a counting measurement requiring
selection onthe m and m,_ distributions.

e A m, sidebbands CR is used for background estimation. m,, and Moy factors are
required to extrapolate the background from the sidebband to the SR.

Luca Fiorini 12




ATLAS hh — bby

ATLAS-CONF-2016-004
* Anupper imit of 3.9 P0 0Nz *F s motmmay " orviegs -
the cross-section for NON- & sk 33 Saal reson e o B
resonant production is 8 o E
extracted at the 95% CL - ] g 24P
s 1 = 22F ATLAS Prellmlnary1 — Obs. limit =
(5.4 pb e>(F)eC'I'e(j>l E E ':1; 202_ \s=13TeV,32fb" - Eiz ::2:: o _;
o o — % 18E EExp: limit ;2;:; E
C 1 & 161 =
* The result is completely A e 4 8 mE E
dominated by statistics. . 1S E
© q o 61— -
* Good sensitivity tonew & b4 : tt it E
physics thanks to possibility Moo W o0 - o 25380 300 320 340 360 380 4{0(;);]
to fully reconstruct the '
mass of the two higgs
bosons with good Process 0-tag 2-tag
resolution. Continuum background 35.8+2.1 1.63 £0.30
SM single-Higgs 1.8+1.5 0.14 +0.05
. i i-Higgs <0.001  0.027£0.006
Synergy with H — vy SM di-Higg T+
mMmeasurements. Observed 27 0

Luca Fiorini 13




» LHC restarted delivering p-p collisions in 2015 with unprecedented
center of mass energy:
» Opportunity for BSM searches in the Higgs sector.
« Measurement of productions and decays suppressed in the SM.
e Better measurement of H(125) properties.

» Qutstanding performance from the LHC team and experiments is
allowing to deliver an impressive amount of results on the Higgs sector
during Run 2.

 Participating in several BSM Searches and Higgs boson properties
measurements have been updated already with Run 2 data.

Some results in complex final states have yet to be updated with Run 2
stafistics.

* Many searches and measurements are still statistically limited: increase of
luminosity expected by the end of Run 2 allows to further improve their
sensitivity.

Luca Fiorini 14
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LHC Luminosity and interactions per bunch crossing

Run-1 Results based on 2011+2012 data
Luminosity is measured with forward/tracking detectors and calibrated with beam

separation scans o
CMS Integrated Luminosity, pp

0] L L DL B L BN L LI I L A

Data included from 2010-03-30 11:22 to 2012-12-16 20:49 UTC s - ATLAS Online Luminosity ]

- 2 —— 2010, 7 TeV, 45.0 pb | | | * 8_ 100 3 [ Vs=8TeV, [Lat=2081" <u>=207

‘é B | —— 2011, 7 TeV, 6.1 " > 140 [ Vs=7TeV, [Ldt=52f" qu>= 9.1
Z2o, — 2012, 8 TeV, 23.3 b 120 é 1200 Design value E

g | E 100— —:

c | - ]

E 15| 7. ;u”bfr {15 % 22;: :;

T Ginel 8 - -

% 10| 110 @ 40 ]

2 200 E
= 5 x 100 13 %5 10 15 20 25 30 35 40 45

g / Mean Number of Interactions per Crossing

Ng ﬂwﬂ e y& poo ;;; od; eg; oe; 0 - 80?”"M"‘M"w‘"w“”“'”"H"'H"H"'”'?

LR S A A T R £ = ATLAS Online Luminosity 2015, (s=13 TeV ]

Date (UTC) 8, = 0 25ns: <> — 135 =

' i > 60 P<p>=13. E

* Pileup already at the design level and 3 B 50nsi<u>=19.6 -
above during 2012, thanks to excellent € o e
— — -

performance of the LHC. R i
* Peak luminosity (cm=2s): s of E
7.7x10% (2012), 5.2x10% (2015). ° ok E
~29 fbo'! of data delivered during Runland : :

OO

||||I\\I|I\\I|I\\I|IIII
5 10 15 20 25 30 35 40 45 50

about 4 fo'" during 2015 and up to 25 fo’ oo BB W B
expected in 2016. ean Number of Interactions per Crossing




ATLAS Detector

. |ATLAS ATLAS Collaboration
Magnetic field 2 T solenoid 38 Countries
+ toroid: 0.5 T (barrel), 1 T (endcap) 175 Institutions
Tracker Silicon pixels and strips 3000 Scientific Authors total
+ transition radiation tracker (~2000 with a PhD)

o/p; = 5:10%p; + 0.01

EM calorimeter Liquid argon + Pb absorbers
o/E = 10%/\E + 0.007

Hadronic Fe + scintillator / Cu+LAr (10A) 45 m

calorimeter o/E = 50%/\E + 0.03 GeV N

Muon O.prz 20/6 @ SOGeV tO 10% @ 1Tev Muon Detectors Tile Calorimeter Liquid Argon Calorimeter
(Inner Tracker + muon system)

Trigger L1 + HLT (L2+EF)

24 m

Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

Luca Fiorini




DAQ and Trigger

Trigger Level-0,1,2 Event Readout HLT Out
No. Levels Rate (Hz) Size (Byte) Bandw.(GB/s) MB/s (Event/s)

w1 108 1.5x1068 4.5 600+300

w2 3X103 (4x102+2x10?)

w1 108 108 100 0(1000) (10°)
ATLAS Trigger Operation 2012 BOTh experimenTS hgve

600

Jetsimissing E, (delayed) | jmproved their DAQ and
B-physics (delayed)

Minimum Bias trigger systems for Run-2.

500

e B Electonsiphotons Current DAQ Performance
g sesmsimssngE, | o >= 100 kHz at L1
S « = 1 kHz HLT output
Rpril June August  October December




Data taking & Quality efficiency

CMS Integrated Luminosity, pp, 2012, Vs = 8 TeV

N
(&)

| | | | |
ATLAS Preliminary \s=8TeV
[ LHC Delivered

[ ] ATLAS Recorded
I Good for Physics

Data included from 2012-04-04 22:38 to 2012-12-16 20:50 UTC
25 T ‘ ‘

S /| Il LHC Delivered: 23.30 fb !
A\ 1 CMS Recorded: 21.79 fb !
CMS Validated: 19.79 fb!

N
o

N
(=}

421
Total Delivered: 22.8 fb™
Total Recorded: 21.3 fb™
Good for Physics: 20.3 fb™

CMS Preliminary

=
ul
T

(=]

o
-
o

1

Total Integrated Luminosity [foT]
o

(o))

Total Integrated Luminosity (b ')
(6]

o

\“Aﬁ" \‘\\)‘\ ,\‘\\‘\ N P\)‘) \‘QOQ ,\‘0 \“\04 \‘03" 1 /4 1 /6 1 /8 1 /1 0 1 /1 2

Date (UTC) Day in 2012
* ATLAS (CMS) data-taking efficiency for 2012 run was 93.1% (93.5%)
*The ATLAS (CMS) good quality data was 95.8% (?1%) of the recorded data
— High DQ also thanks to efficiency recovery from large data
reprocessing

&

Overall ~88% (85%) of delivered luminosity is used for
ATLAS and CMS physics analysis.




Computing and Simulation
The fast duty cycle of the LHC analyses is possible thanks to the Tier0

and GRID resources

-+sBCCU " — - 4+oBciiy ‘ + Just in 2012, both CMS and

o ATLAS experiments have
V. produced 3-4 billions of MC

o Generation+ o events on the GRID and
e Simulation - o Digitization+ processed ~3 billions of data
iescos Reconstruction .
— —— events at TierO.
R R i e R « On a single machine, it would

120,000

require more than 15 thousands
years (without considering user
Data disk and group analyses, calibratfions,
reprocessings, ...).

100,000

80,000

60,000

Tier-0 disk
oo MCREPE *GRID is a crucial asset of the
LHC experiments to provide
physics results in a fimely manner.

20,000

Jan 2012 Feb 2012 Mar 2012 Apr 2012 May 2012 Jun 2012 Jui 201z Aug 2012 Sep 2012 Oct 2012




Higgs Production Modes at LHC

\Js= 8 TeV

Total x-section:

17 pb (17000 evts/fb') @7 TeV
22 pb (22000 evts/fb') @8 TeV
55 pb (55000 evts/fb') @13TeV

Dominant mode ggF
(87%)

LHC HIGGS XS WG 2014

o(pp — H+X) [pb]

VBF (7%)

107 E
B Associated VH (5%) N
10° = NN E
- Associated bbH, ttH (<1%) . B
I_ | | | | ‘ | | | | |
80 100 200 300 400 500 1000
My [GeV]
g q q q Wiz g t
LR S S S S
g q q q ) H g T
(a) gg — H (b) VBF (c) VH (d) TH
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Constraints on BSM couplings

ATLAS and CMS Preliminary
LHC Run 1
e . SM p-value:
K — 1% > 8f
Z <A1 : ° C
R0 = 2 [ATLAS and CMS
Ky| —%lo ——— % 7LHC Run 1 Preliminary
—x2 : ~ C
- ° < sk — Observed
K, ° £ SRS SM expected
L i < I
K; ———t— c}| i
Ko w :
Kg ——.——:— C
< —— :
P :
BRBSM | | | | | | | | | ; | |
0 02 04 0608 1 12 14 16 1.8 2 00 0.1 0.2 0.3 04 0.5
Parameter value BR
BSM

* Only o x BRs can be measured, without further assumptions on the
widfh of the Higgs boson cannot be measured: assume k <1 (as in

2HDM). H - Dark Matter would contribute to BR,, o R/ = ZiK) I’ (%)

I r )
« k, dominated by ttH process &, ?%M
. BR,,, < 0.34 at 95% C.L. (assuming k <1 T T BRygy
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