Study of Higgs boson properties in its decay to two
photons with the ATLAS detector
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The Standard Model and the Higgs boson.
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SM describes known elementary
particles and their interactions

Local gauge invariance does not
Higgs | allow explicit mass terms in the
Lagrangian — but experiment
shows W and Z to have mass

@ Elementary particles acquire mass through the Higgs (BEH) mechamsm

by interacting with the Higgs field
* Introduced 1964 by Brout, Englert and Higgs

2013 NOBEL PRIZE IN PHYSICS

Francois Englert

Peter W. Higgs //}J 1

@ Higgs mechanism predicts the existence of a new, neutral boson: the

Higgs boson

* Candidate discovered by the LHC experiments (2012)
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What do we expect a SM Higgs boson to look like?

Q
V(®
Introduce a scalar field with vaccum expectation value v # 0 (@)

600~ (5,3) 61 = 5 (1) (e g

v

Mass terms from interaction between Higgs field and gauge bosons and
fermions:

Ly = (D) (Duo) — g5 (brdpr + Priptpr) — V()

2 2
@ Gauge boson masses my,+ = %4, mz = ”7\/9;9

@ Charged fermion masses 1, = %/

* Not needed for electroweak symmetry breaking, but convenient to generate
fermion masses

Higgs mechanism predicts the existence of a new, neutral boson: the Higgs
boson, coupling to particles proportional to their mass, JF = 0t J
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The Large Hadron Collider and the ATLAS experiment.

dam. -

LHC
@ Proton-proton collisions

% 2010/11 /5 = 7 TeV (6 b~ 1)
% 2012 /5 =8TeV (2311

@ 2013/14 shutdown: machine and
detector consolidation+upgrade

@ 2015- pp collisions at 13-14 TeV

ATLAS
@ Multipurpose detector: search for new
physics, Higgs, top and SM
measurements, ...

Outstanding performance of LHC and the
experiments
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The cost of high luminosity: pileup

N ' Challenge to trigger, software
/; ~3 and analyses

— Large amount of data to
process and store

— ldentification and
measurement of the
“interesting” objects,
including the primary
vertex

180T T T T T
E ATLAS Online Luminosity

3 \5-8TeV,[Ldt=208 0", qu>=207 ]
[0 \5=7TeV,[Lot=521b" q>= 9.1

Recorded Luminosity [pb™/0.1]

Z — pp with 25 interaction vertices ATLAS publicplots] 0 ° 10 19 20 25 30 35 40 43

Mean Number of Interactions per Crossing
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Higgs boson production at the LHC.

Gluon fusion: 19.5 pb

Higgs tends to have low pr

Associated production: 1.1 pb

q \%4
W
q H

Clear signature: reconstruct W and
Z in leptonic and/or hadronic decays

Vector boson fusion: 1.6 pb

Distinct signature with 2 forward jets
and little hadronic activity in between

Associated production with ¢£: 0.1 pb

g vosoooy—>—— 1

9 ToTO0O—<—— ¢

Tag presence of two top quarks

Production cross sections given at mg = 125 GeV and /s = 8 TeV
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SM Higgs boson decays.

16"

ww

Higgs boson couples to mass

LHC HIGGS XS WG 2011

Decay branching fractions @
myg = 125 GeV

Higgs BR + Total Uncert

H — bb 57.7%
H—>WW 21.5%

H— 77 6.3%
] H—~ ZZ 2.6%
10" 900 120 140 160 190, el H — ~v 0.23%

H — ~~: Comparably simple final state: 2 energetic isolated photons

Large event yield despite low branching fractions expect to see 475 signal
events in current dataset

Decay through loop processes — sensitive to new heavy particles

v
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What do we need to discover and measure H — ~~?

Events / 2 GeV

Events - Fitted bkg

[Phys. Lett. B 716 (2012)]
T
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Good energy and angular resolution
Precise understanding of energy scale
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Photon reconstruction, identification and }
calibration
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Photon reconstruction

ATLAS-CONF-2011-161]

@ Reconstruction seeded from VARSI O ATLAS
R EXPERIMENT

@ ~ 40% of photons convert to
et e~ pairs in the material of the
tracking detector

@ Reconstructed secondary vertices
(and tracks) matched to

-

* Separate reconstruction of £ i Unomertedphoions | ATLAS Preliminary
converted and unconverted é 0gE = Soeredpnatons - Data Zf:j“f:bs Tev 3
photons important for good o O7p T tememes h =
calibration and identification, and g 06 . 3
separation from electrons “g g-ig 10100020 000000 0 3D E

§ 0.3; é
Reconstruction robust against I ~ 3
pileup 015 E

* Substantial improvements made O =g 5w B30 3

for 8 TeV [ATLAS public plot] Average interactions per bunch crossing
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Photon identification

@ Powerful jet-rejection (O (10%)) needed to
suppress dominant hadronic background

@ Take advantage of fine granularity of
electromagnetic calorimeter to look at
width and internal structure of showers:
Photon identification based on shower

shape
% T T e T T T
8 s ATLAS Preliminary —« yy+DY Data ]
5 2500 Data 2012 —=— 7j Data —
£ e Vs=8TeV, [ Ldt=18.0f" . jiData ]
g [ — Stat. uncertainty ]
10 2000F ‘M’ 4 Total uncertainty
E '
£ ¢ 44 ]
15001~ “.0.“” 3
£ L ]
[ '+, ]
10001~ Mo, s 7
[ e, ]
L R
5001~ e aman, ua =
r - '""'--.-'m..._.. - ]
ety

foo 110 120 130

[ATLAS-CONF-2012-169]
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[ATLAS public figure]

After photon identification and requiring
photon candidates to be isolated in
calorimeter and tracker

75% ~~ events

22% ~-jet events
3% jet-jet events

140 150 160

m,, [GeV]

H — ~-~y atATLAS

April 8+9, 2014

11/39



Photon identification efficiency measurement

“Electron extrapolation” selects a
pure sample of electrons in

Z — ee and applies
transformations to correct for
differences between electron and
photon shower shapes

w [~ @ Electron extrapolation
® Matrix method
0.9 ez-iy _
0.81- —
0.7 \Ns=7TeV
0.6/ ILd«:asvb" 1
0.5 Unconvertedy -
0.4k ATLAS Preliminary nl<06 i
W 0.2 —
N o —oﬁ’o—o—o—o—o—o—o—
1
0.2 E
20 30 4050 10° 2x10%
[ATLAS-CONF-2012-123] E; [GeV]
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25GoV < E, <30 GoV and 0.1 < n|< 0.6

2 Transtormed slectrons E

W

ATLAS  Preliminary
Simulation

ATLAS  Preliminary
Simulation 4

[ATLAS-CONF-2012-123]

@ “Electron extrapolation” results combined
with results from other measurements

@ Reduced uncertainty by a factor of 4
between discovery and now (s Tev)

Summer 2012
Winter 2013

10.8%
2.4%

Uncertainty on expected H — ~~y signal yield
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Energy calibration

3 200)(103A"l’LASll-' fimin ‘ B

® reliminary =

m2 =2 (]_ — CcoSs a) ? 122 DataZDM,\EﬂTeV,de(:A.Gfb" E

vy £ 140 Cu1 764001 GeV E

& 120 Onc =159+ 0.01 GeV In<2.47 é

@ MC-based calibration improved with O ot = Pl E
. ZseeMC —|

energy scale and resolution a0 E
corrections basedon Z — ete™ © E
(W — ev, J/4 — ete™ for cross R e
CheCkS) public plots] Meo [GeV]

o 1.002r Bl

@ Energy response of the calorimeter is 2 10015 RMS;0019% . @ WooenBlo .3
stable over time and varying pileup £ 100t

© 1.0005F =

. 2 = L & =

@ Understanding of photon energy scalez } R IR (T
requires understanding of inner 09995 t t g
detector material budget 0999 ) E
0.9985 Data 2012,\/s=8 Te ,Jl t=.13.0.fo 3

Cross checked with photon conversions, hadronic E ATLAS Preliminary 8
099853961214 16 18 20 22 24 26 28

. . +
interactions, e*= shower shapes and E/p, Average interactions per bunch crossing
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Energy calibration

o 200410, . . . . . . .
& 1807 ATLAS Preliminary J. E
hy E Data 2011, \s=7 TeV, | Ldt = 4.6 o' u|
m,zw =2 (1 — COSs a) % :igf G4p,=1.76 £ 0.01 GeV ]
& 120% Gy =1.59+0.01 GeV' Inl<2.47 %
o . 1000 T
@ MC-based calibration |mproved with 801 gmuiation without Dzeemc
energy scale and resolution qof constantterm E
corrections based on Z — ete™ 20 4
(W — ev, J/¢p — ete™ for cross e e 00T TS
Checks) [ATLAS public plots]
) ok & ATLASPraliminary 0626 <1 <-0.100
@ Energy response of the calorimeter is o000 . + tan
H H H 2 [ Mc conversion candidates
stable over time and varying pileup =, s comeren

@ Understanding of photon energy scale  soo
requires understanding of inner 4000
detector material budget
Cross checked with photon conversions, hadronic

2000

interactions, e shower shapes and E/p, ... % 50 100 150200 250" 300 350 400
R [mm]
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Photon pointing and primary vertex selection.

m2_ = 2E1E3(1 — cos @)

Improve photon angle measurement using
@ Photon pointing
* Photon direction from calorimeter
using longitudinal segmentation
* Position of conversion vertex for z
converted photons (with Si hits) ~ 77TTTTTTETRRTY

® Y. p2, ¥ pr (over tracks) and angular 3 , r T " ATLAS St ]
balance in ¢ between tracks and E e ik goHom

. ~ A 20< my= e’ -
diphoton system (s Tev) R ogtey

S 0.08 -

— Contribution of angle measurement to 2 ooek. E
mass resolution negligible already Tt 1
without primary vertex information s E
0.02[— —

— Good primary vertex selection needed b 1
for SeIeCtiOn Of Signal jets 0 116 118 120 122 124 126 128 130 132 134

[Phys. Lett. B 716 (2012)] my, [GeV]
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Mass spectrum and background parametrization.

7 TeV + 8 TeV data
% 10000 T T
15 ATLAS
o 8000 L Data 2011+2012 )
; SM Higgs boson m, =126.8 GeV (fit)
- ) Bkg (4th order polynomial)
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[Phys. Lett. B 726 (2013)]
Background+signal fit, signal fixed at
126.8 GeV

Signal clearly visible (~ 6 o)
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Diphoton selection

Identified and isolated photons
prt > 40 GeV, pJ? > 30 GeV

23788 events (7 TeV)
118893 events (8 TeV)

Background modelled by 4th
order Bernstein polynomial

Studied on high-statistics MC
and chosen to give good
statistical power while keeping
potential biases acceptable

Potential bias accounted for as systematic
uncertainty
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H — ~~ production and coupling studies |
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Categorization overview.

di-photon selection

VH enriched  —

VBF enriched —

ggF enriched

[ATLAS-CONF-2013-012]

One-lepton

W(= W)H, Z(— I)H

ET"* significance

W(= W)H, Z(= wW)H

]

Low-mass two-jet
W(= ji)H, Z(—= j)H

]

High-mass two-jet
VBF

<

]

9 pﬂ-n-conversion

ggF

v/s =8 TeV categories
(7 TeV: 1 VBF category)

J

Kerstin Tackmann (DESY)

H — ~-~y atATLAS

@ Dedicated categories for
separation of production
processes: VH, VBF, gluon fusion

@ Remaining events split into
categories of varying signal
resolution and S/B

* 7)~1,2, CONVErsions, pr

[J. Schaarschmidt]

2 unconverted: >=1 converted:

ne2) ne2)
175 L
1.3
0.75 0.75
0.75 ny 0.75 1.31.75 n(x1)
o Py
T‘\Ié/" T thrust axis
p. Thustt=p,, -,

T
[ATLAS-CONF-2011-161]
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VBF-enriched categories.

Select with 2 jets and VBF topology:

q > = q
@ 2 well-separated jets (11,2, An,j, m;j)
@ Boosted diphoton system (pJ.}) v H
@ Jet-photon separation (A, g —> N q

T]* = Myy — 1/2(7731 + "Ij2), AR’r);fln)

o
w

T T
—#= 2011 Data

'§> E aTLAS X . ) )
S 025F ¢ _ 71y =3-'ie',u A @ Variables combined in a boosted
9 L 22 vy+yj Uncertainty ]
B oot Imﬂ_sfbw 4 S decision tree
5 ool r o VBF m1z5 Gav @ High purity of VBF events
é > VBF purity  Ngig
w L
oo ] tight 76% 8.1
0T > loose 54% 5.3

[Phys. Lett. B 716 (2012)] i
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2-Jets candidate

JATLAS

A EXPERIMENT

Run Number: 204769, Event Number: 24947130
Date: 2012-06-10 08:17:12 UTC
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VH-enriched categories.

Inclusive leptons (W — fv, Z — £¢)

p% > 15 GeV or p4. > 10 GeV, isolated in tracker
and calorimeter

Missing energy (W — v, Z — vv)

Episs significance ﬁ >5

v

Dijet (W — jj, Z — jj)
goF WVBF WWH EZH =t

ATLAS Simulation Hory 60 GeV < m;; < 110 GeV,

|A'I7jj| < 3.5

VH purity  Ngig

lepton 82% 2.9
TSR ‘ Eps  83% 1.3

O 10200080 ) Sompostton (%) .

[Phys. Lett. B 726 (2013)] ° > duet 47% 3.3
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Diphoton mass spectra for a few categories.

Unconverted central, high pr

Events / 4 GeV Events - Fit Events / 2 GeV

Events - Fit

Unconv. central, high p,
*  Dala2012
Background model

ATLAS Preliminary
+ Vs=8TeV, JLd« =2071"

SM Higgs boson m, = 126.8 GeV (MC)

Converted rest, low pr;

Conv.rest, lowp,
*  Dat2012
Background model

ATLAS Preliminary

=8 Tev.JLdt =207

SM Higgs boson m, = 126.8 GeV (MC)
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Background model

ATLAS Preliminary

Vs=8TeV, ILdt =207"

‘SM Higgs boson m, = 126.8 GeV (MC)

Emiss 3|gn|f|canoe

)
m,, [Ge

<

H—)yy e lepton
*  Data2012
Background model

+

ATLAS Preliminary
Vs=8 TeV,JLd( =207

SM Higgs boson m, = 126.8 GeV (MC)

o
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[ATLAS-CONF-2013-012]
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H — ~~ smgle channel discovery

o 10°

o g Obse"’edp (category) ATLAS Prellmlnary = P
[ oy = @ (Local) significance of excess
L — —~ Expected [ (mcluswe) —|
i i 740 -
102= ~50 * 4.1 o expected for SM Higgs
104 E 4o boson
1080 Data 2011, 1/§=7TeY P
N Ldt=4.81fb" 3
10° = 60
1010 E Data 2012, Vs =8TeV -
1072 Ldt=207f7 . 37°
40 b b L e Lt T @ 4.5 o excess at the time of
110 115 120 125 130 135 140 145 150

discovery (summer 2012
[ATLAS-CONF-2013-012] My [GeV] y ( )

@ Measured mass my = 126.8 + 0.2(stat) £ 0.7(syst) GeV

* Dominated by systematic uncertainties, mainly from photon energy
calibration

@ Measured signal strength 4t = Nypeas/Nsm = 1. 55’_L8 22

(at myg = 125.5 GeV, combined mass with H — 4¢)
* Data favors narrower signal shape than assumed for u measurement, which
would lower p
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Separating production processes.

L e o R R R

n E o -t y — Total E

VH E ]
E : — Stat.
: — Syst. 3
- ——t E

uVBF E H: E
g : Is=7TeV [Ldt=481b"

n - tH—H ‘ =

aghttH | Is=8TeV [Ldt=20.7 fb" ]
T TUATLAS T E

n - H=—H 2011-2012 .
F | | mHT126.8GIeV ]
0 1 2 3 4 5

[Phys. Lett. B 726 (2013)]

ver
o

Observed p ™

[LES—

Local p;

1075 A\ 2
H 2

10 4
. O 2011, 527 Tev 30

10 Lamasn’ H

- ATLAS Preliminary 3
ot it A h
110 M5 120 125 130 135 140 145 150

[ATLAS-CONF-2013-012] ™ [®eV]
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Signal strength

g TTTTOO———

9 o000 ———

Consistent with SM expectations )

~ 2 o hint of VBF production )
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Search for production

in association with tt

@ Aim for high efficiency for t£H, while suppressing other production modes

Search in two event categories

@ Fully hadronic: 2t — bjj’
* > 6 jets (> 2 b-tagged)
* No leptons

@ Leptonic: 1or2t — bl
* >1 electron or muon
* >1 b-tagged jet
* EXSS > 20 GeV

-g 0.4/ ATLAS Preliminary nNon-isolated, non-tight v 1D
; 0.35 J Ldt=203fb"  —=— >
5} ey 45| (bveto)
= \s=8TeV "
g 08 ) resic)
< 025 Hadronic Channel
0.2] —_—
[ a——
0.15, J—— —— |
0.1
0.05 [ATLAS-CONF-2013-080]
| | I I
‘POO 110 120 130 140 150 1

m,, [GeV]
Bkgd shape constrained in control regi

Kerstin Tackmann (DESY)
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ons [ATLAS-CONF-2013-080]
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Search for production in association with tz.

Leptonic

> T . . . . . =
@ f ¢ Data ATLAS preliminary ]
= SR+CR background fit =
0 SM signal (m,, = 126.8 GeV) E|
2 SR-only background fit . =
@ 4 Signalregion Leptonic channel | 4
o E E
35 E
o ]
1E —— e =
£l ' n .| 4 + -
2000F  "Cdhtrortegion” s =8 TeV [Lat = 20.3 fo
1000F*——e—e— o E
]

100 110 120 130 140 150 1
m,, [GeV]
zz 40T T T ™
= E— Observed CL, limit H — yy E|
kX 35 Expected CL, limit  tiH channels comb. |
S ao0r I+ 1 ATLAS preliminary -
£ _F *20 Data2012\s=8TeV

= 25

s % [Lat =203 E
O a0 E
2 E El
& E El
° =

T20 122 124 126 128 130
my, [GeV]
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0

0.55 vy 0.36
0.46 V,;;; 0.33
83% Purity 91%

Events /5 GeV

6
5

Hadronic

T T
ATLAS preliminary.
SR+CR background fit

SM signal (m,, = 126.8 GeV)
- SR-only background fit
Signal region

:

Hadronic channel

|

40) Control region s = 8 TeV [Ldt = 20.3 fo
20t b &g‘%
100 110 120 130 140 150 160
m,, [GeV]

@ Assume SM for other production modes
and BR(H — ~v)

ottH /gt < 53 @ 95% CL
(6.4 expected) at mg=126.8 GeV

H — ~-~y atATLAS
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Detailed coupling studies:
combination with the other decay channels
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Combining with the other decay channels.

> - R
3 4l o vaazorrz0n ATLAS $ ATLAS 4 Data 201142012
° [ SM Higgs Boson HoZZ*—41 e s=7TeV [Ldt=46f" 2 Total sig.+bkg.
o oo R e |3 i S Mo
] 2 et
& B Background Zejets, 1SS TV ILat-207 16" ] SWWSsiviv + 071 jets e |
30F- 7 systune. B =K E
Worew 3
[ Single Top E
H— 722" g
mzr E
— 44 E
[Phys. Lett. B 726 (2013)] 2 % & B sbvaceddata
L 60E ] SMiggs bosen m, - 125 GeV:
& a0 ;
S et e,y
-20) +
6080 100 120 140160 180 200 220 240 2
m, [GeV]
c
§10°F . ! [AER, 8 ATLA'S Preliminary ;m-;) et
3 eomaers | GO0 ts-7Tovfuat-471" -
2 I I - s WS
L%’ 108 L s 35007 0+1+2lep., 243 jets, 2 tags
1251 (=) 3
400~
K
P
H— 7Tt 107 4 800
2
[ATLAS-CONF-2013-108] L Wago|-
10 ATLAS Preliminary 3 100
o203
P \s=8TeV 0
1E 1 L L3
-3 -2 -1 0 1
10g(S / B) My, [GeV]
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0

H -5 WW*
— 202v

[Phys. Lett. B 726 (2013)]

H — bb

[ATLAS-CONF-2013-079]
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Separating production channels.

[ATLAS-CONF-2014-009]

. H -o-vs(stal:) i
@ Coupling to vector bosons ATLAS Prelim. | %y,  Total uncertainty
my = 125.5 GeV a(lhec?/y) +16 +26
uUs€é UvBF+VH = WVBF = UVH o7
H-yy -05
@ Coupling to fermions Mo _ ¢ 05| 52
_ _ oo = 1200 02 "
USE pggF+ttH = HggF = HttH T .
H—Z7Z* >4 gz
[ T T T T T T T | Mogram _ o g+2.4[ 02 | ¢ {
£ 100 s . ATLAS Preliminary Py = 0603 -89 ¢ b
T x Best fit oo 4
N7 ey i 1s=7TeV JLdt=46481" N e :
RE 8 emol P N \s-8Tev JLdt-2030" H— WW*— v |99 :
3 r ; b 1 19|04 :
[ vl ] wirowt _ 1 g+19| % :
6 —:ag'aﬂ ] Hogras 0102 i i i 9
: 7::Z:W‘~)N|\/ : 1?3
4 b H-o1t 10 8
r b Mg +oo |~06 :
F ] e =17 reo &
2 ] 9gF+tH 12|15, I i [
N ] +05
Uy b Combined o |
[ m=1255Gev ] Mg _ 4 4107|°02 T
~ 1 1 | | | I | | L FettH 705 \ b
274 0 1 2 3 4 5 6 L 11 W SOOI P
Y122 WW- st 7TeV [Ldt= 4648 10" 0 1.2 3 4 5
[ATLAS-CONF-2014-009] ugg'M'H ! \s=7TeV JLdt =4.6-4.

\s=8TeV [Ldt=2031b" MVBF+VH / MggFmH
@ Combination of decay channels

(at level of ) would need 4.1 o evidence for VBF J

assumptlons on BRs (obtained profiling pev)
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Detailed coupling studies.

@ LO-inspired coupling scale factors «;:

L= ks 2H 773 Mh\lz ZPH +r @“mW WEWrH

G S nv Cy v
%g\hG G""H -‘-\.‘i’DZ?UA#UA H + KZ~ Tr'UA’wZ H
+ Kvy 5 (cos? O Zu 21 + 2WEWTH) H

2TV

DY " mf
— |(re) ffKJZ 1+ k7) SR

f=u,ct =d,s,b f—e,,u.,f

o Effective coupling scale factors - and «, treated as function of more
fundamental scale factors k¢, xp, Kw, ... for some tests
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Specific benchmark models.

Probing fermion and boson couplings

B AR Raaas aaas A b AR RAARY R AR
45 ATLAS Preliminary E-,H 3 2&’ mﬂ ey
F \s=7Tev]idt-4648"  @xH— yy EaCombined I
3 ys-8Tev[lat=2031" + SM X‘BQS' Fit 3
= [ 3]
ZE_H—>TT_ . _ S _ 3
1= R =
FH— Iviv -
:_H—>yy o 3
E S- oL TERRRRESTT L - 7---1
2F I H—4l ,”H-bb]
S T LT | I I 1.3

H L 11 =
06 07 08 09 1 11 12 13 14 15 16
[ATLAS-CONF-2014-009]

@ Simplest non-trivial model

@ H — ~~ decay gives sensitivity
to relative sign

@ Agreement of SM hypothesis
with data ~10%

Probing custodial symmetry

[ATLAS-CONF-2014-009
T T

N T T T
63 10; ATLAS Preliminary Poughepza] b
2 [ 1s=7TeV, [Ldi=46481" o ]
~ L — serve -
N g ls=8TeV. JLat=203 10" ]
[ Combined H— yy,22* WW*zt,pb ~~~ SMexpected ]

o !

4 C ]

2F ]

ot B

16

Mz

@ A\wz = Kkw/Kz

* Common kr for fermion

couplings

@ Agreement of SM hypothesis

with data ~19%
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Probing beyond SM contributions.

Effective scale factors x4 and k., allow for new contributions in loops

No assumptions on total width
. . . [ATLAS-CONF-2014-009
Only SM contributions to total width 2 Lamaseemny ey |
£ L s=7Tev [Lat=apasn’ 1
¥m24*ATLAs Prellmlnary IH”T””l‘IHI,”SIJ””M”L o s \s=8Tev,ILdt=20.3fb" . 4
2.2f 15=7TeV, [Lot= 464810 « Bestft I Gombined Hos 77,22 W zepb T SM pected ]
of 15=8TeV, [Ldi=203 10" —68% CL B B
1 gl Combined Ho v,22° WW*,z.65 -wes%cl 6: 1
11 & :
tap T E r ]
12 ‘\\ e = 2r ]
S L = r . ]
0.8 T E 0 0.8
0BE E K
08 09 1 141 12 13 14 15 16 17 1.8
[ATLAS-CONF-2014-009] % @ Allow for undetected or invisible
. final states
@ Agreement of SM hypothesis
with data ~9% @ BR;,., < 0.41 (at 95% CL)
‘ (expected: 0.55)
* Improved by inclusion of new
H — bbb, H—~ 11
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Most generic model.

...free couplings to SM particles and allowing for deviations in loops and

additional contributions to total width

@ No sensitivity to relative signs
between couplings

@ No sensitivity to Higgs-top coupling
* Degenerate with gluon-fusion loop
* Needs observation of tt H production

@ Agreement of SM hypothesis with

data ~21%

Kerstin Tackmann (DESY)

ATLAS Preliminary
my=125.5 GeV

Total uncertainty

Model: 2., Ay g Ao Az oy Ko
b =21%

o
il +0.17
‘A‘Izl_1 '02—0.14 |

+ 1o +2c

Pyz=0.80"07°

Phyzl=0.3"0

] [ e

+0.22
Ir.,=0.90

018 | [ N

|}\gz|:0.73+°'22

-0.16 L

+2.2
Pgl=0.0"22

+0.17
Ikgel=1-18% 10} |

— | AR

A (-

0 0.5
\s=7TeV [Ldt=4.6-4.8 fb"
\s=8TeV [Ldt=203fb"

H — ~-~y atATLAS

: Dt i
1 1.5 2

Parameter value
[ATLAS-CONF-2014-009]
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Backto H — ~~ |
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Differential cross section measurements.

Full 8 TeV dataset allows to make first differential cross section measurements

@ Almost model-independent
measurements of production and
decay kinematics

@ Measure kinematic distributions of

Higgs, of associated jets, ...
Agj;
. pTﬂ har

@ H — ~~ decay well suited thanks
to good resolution and “high”
signal yield

@ Background subtracted in a
simultaneous signal-plus-
background fit to all bins

~.
Events | GeN

DataBig
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Correcting to fiducial cross sections.
@ Bin-by-bin unfolding for detector acceptance, resolution and efficiency
@ Unfold to fiducial region defined by photons (and jets)
* pt0® > 0.35(0.25) mys,  |n703| < 2.37
* ph > 30 GeV, ly?| < 4.4

Reconstructed spectrum

, Unfolded spectrum
Asspnans Correction factors

= 16 = 1. e
3 ATLAS Prelrmlnary*dl syst.u 3 ATLAS thmmaw+d. o

e i s e - " SeoosulN
g 1 - XH = VBF 4 W+ TH E o+ Y a0 WO e + X

z S 08 e X BV ]
° Horr (s=8TeV 8 Hopr, (&=8TeV

[ Jia-zman

/
\

181~ ATLAS Simulation Preliminary -

Ratio to PowHEG

Unfolding Factor
N
T
Il 1

Ratio o PonHEa

| N 20 40 60 80 100 120‘ 140 0 | I
0 20 40 60 80 100 120 140 Pr [GeV] 20 40 80 100 120
Reconstructed p, [GeV]

140
Partcle level p, _, [GeV]

@ Uncertainties dominated by statistical uncertainties [ATLAS-CONF-2013-072]
@ Allows for direct comparisons to precise theoretical calculations
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A few more results.

= AR RN RN RAR R RN RN g‘eo
& 1.8[ ATLAS Preliminary +- data syst. unc. 3 — 160,
£ 14 N w0 Nowbs poweswa xH | &
o< 1] q9-+H NNLOWNNLL (iRest )+ XH g 140
3 14 e XH = VBFL 1 s
5 12 Hory fs=8TeV |
! Jra-zoamt 3

038 E

oIl

04

AL LARAI LA LA | T

£ ATLAS Preliminary -+~ data - syst.unc. 1
Hopr GasTeV N w-H NLOWPS (Poweospe) + XH

FlLanzoant P oomHeinowms monier xi ]

E <= XH = VBF + VH+ (TH El

ad1111drdderke

Ralio to POWHEG
Ratio to POWHEG

T

- Lo

0 L I P I D |
0 20 40 60 80 100 120 140 160 180 200
Partile level p,_[GeV]

Agreement between data and

e T

I

doy,/ dAo [fb]
>

[ Hopy,

[Lat-zoatr
4

ATLAS Preliminary
-+ data syst. unc.
N g9+ NLO+PS (Powesspra) + XH
81 77 a9-+H+1iNLOPS (Mriomsspra) + XH

-+ XH = VBF 4 VH 4 TH

(N5=8TeV

Ratio to POWHEG

1 il 1 1 1 1 1
01 02 03 04 05 06 07 08 09 1
Particle level [cos(6")]|

i
25

3

Particle level AQ,

[ATLAS-CONF-2013-072]

x2 probabilities comparing to several predictions

S M Nijets

prediction within current uncertainties o ous

Kerstin Tackmann (DESY)

Py leos6|  pi Agy pPY
POWHEG 0.54 0.55 0.38 0.69 0.79 042 0.50
~ 067 073 045 049
HRes 1.0 - 039 044 -~

H — ~-~ atATLAS
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Looking for rare decay modes: H — Z~.

% F T L N T T 3
Q gool ATLAS 3
H — Z~ coupling could be modified e b —— Data 3
! . w E 0 ™MWy e Ho2Zy (M =125 GeV, o,x50) ]
e.g. from new particles in the loop ook ¥ E
@ ...although careful parameter 300F- E
tuning needed to enhance -3 1
expected signal beyond ~2 x SM E Lot = 45 10", 1527 Tov :
1005_ i JLdt=203 1" 1s=8Tev E
@ Z s Llwithe=ecorp B R VT R T R = R
@ Search assumes SM-like [Phys. Lot B 752 (2014) "y [0V
prOdUCtion & detL4.5fb",\;=7Tev ‘ ——Observed |
o :T: P Expected ]
@ Events classified by lepton flavor, = Ldt=203 10", \s =8 TeV i 1
, A >':: +2c j
pre, 80z~ 3 ATLAS ]
T 1
° ]
<11 x SM @ 95% CL 2 3
(expected 9) at mz=125.5 GeV 3
g 0 F——| F—— PR PR - P
120 125 130 135 140 145 150
my [GeV]
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Conclusions and Outlook

@ Successful transition from Higgs search to
detailed measurements

* SM predictions consistent with data within
present uncertainties

@ Run 2 to start in 2015, expecting to collect
350 fb—! until 2022

@ Detailed studies of production channels and
couplings

@ Refine measurements of differential and
fiducial cross sections

@ Search for rare decay modes (H — Z+~,
H — pp)

@ Looking forward to LHC Run 2 for a detailed
understanding of EWSB

Kerstin Tackmann (DESY) H — ~-~y atATLAS
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Spin studies

Polar angle 6* in resonance rest frame sensitive to

spin of resonance
spin 0T dIN/d|cosf*| ~ const

spin 27 dN/d|cosf*| ~ 1 + 6cos26* + cos*6*
(for spin 2 produced by gg fusion in minimal coupling model)

— strongly distorted by kinematic selection

Entries (normalised to unity)

[ T T T T T T T
P —J=0"(sm) —— Background .
0.2 — J% =2} (100% gg) - I =2} (100% qq) —
0.15: [
0.1F
0'05 ATLAS Preliminary . ...
[ Data2012,Vs =8TeV, [Ldt=20.7 fb"
01 sl b b b b b b }

0

Kerstin Tackmann (DESY)

01 02 03 04 05 06 07 0.8 09

[ATLAS-CONF-2013-029]  1c0%8"

1

H — ~-~y atATLAS

Background |cos@*| shape
interpolated from m.,., sidebands into
signal region (122 to 130 GeV)

@ Decorrelate m~~ and |cos8*| by

using py/* > 35/25 m.,

@ Extract 690+£150 (6204160)
signal events under spin-0
(spin-2) assumption

Analysis performed on 20.7 fb—?! of
v/s =8 TeV data
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Spin studies

Polar angle 6* in resonance rest frame sensitive to Y4
spin of resonance 0
spin 01 dIN/d|cos@*| ~ const z (CS) 9
spin 27 dN/d|cosf*| ~ 1 + 6cos26* + cos*6* e
(for spin 2 produced by gg fusion in minimal coupling model) P Y Pe
— strongly distorted by kinematic selection 2 ()

Background |cos@*| shape

2500[-

5 200 f R interpolated from m.,., sidebands into
£ ool 3 bemraund 1 signal region (122 to 130 GeV)
oL ] @ Decorrelate m~~ and |cos8*| by
e ] using py/* > 35/25 m.,,
1000~ ] @ Extract 690150 (6204-160)
b ATLAS ] signal events under spin-0
500 o . .
[ ¥s=8Tev _[Ldt=20.7fb (sp|n_2) assumption

I I 1 I I I I I I
0 01 02 03 04 05 06 07 08 09 1

Analysis performed on 20.7 fb—?! of
v/s =8 TeV data

.
[Phys. Lett. B 726 (2013)  1€08 &'l
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Spin studies — results. > 030
5 [ ATLAS —Data
- 2 0.25 —_P_oat
1=} 200_7H~>‘y"{ ‘ ‘ —J":D'(SI‘VI)pd' ‘ —J"‘:z’(wo‘%gg)p‘df ] o 0 25: H— vy \ =0 7
E [ Nominalanalysis o =o' (sm)fit S =2 (100%gg)fit | 2 [ 1s=8TeV ILdt =20.7 o - JP ot 1
S + ackgroung systematic uncertain N = - f =0%) |
L%, 150[- Backgroung systemati rtainty 3 E ()_2: (qﬁ ) .
r 1 8
100[ E z 0.15; I § .
E ] F | :; \é
o E 0.1 i % ]
] r ':' I \:
ATLAS Preliminary 0.05+ g [ §\§ .
0 - - L \
Data 2012, J.Ljdt . 30.4 iNsasTey i 01: . \\\\\\\\\ _
0 01 02 03 04 05 06 07 08 09 1 15 10 5 0 5 10 15
[ATLAS-CONF-2013-029] |cogg?| [Phys. Lett. B726 (2013)] @

Compatibility of data with spin-01 signal plus background hypothesis and spin-2t signal plus
background hypothesis estimated via likelihood ratio

g = —InL(spin0, §) /InL(spin2, §)

Expected p-values p,+ = 0.5% and py+ = 1.2% | p value of 50% would
Observed p-values po+ = 0.3% and py+ = 58.8% J be perfect agreement

Tested spin 2 model excluded at 99% CL

Exclusion can be significantly weaker for other models
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Spin combination.

ATLAS ATLAS
H- yy e Data Ho yy e Data
Vs=8TeV [Ldt=207fo"! Vs=8TeV [Ldt=20.7 b
v CL, expected v CL, expected
H-ZZ" -4 assuming JP=0* H- 272" -4l assuming JP=0"
Vs=7TeV [Ldt=461b" Vs=7TeV [Ldt=4.61b"
; [REST ; : [RESR
Vs=8TeV [Ldt=207 fo"! \s=8TeV [Ldt=20.7 b
H — WW* — evuv/uvev H— WW* — evuv/uvev
Vs =8TeV [Ldt=20.7fo" Vs=8TeV [Ldt=20.7 fb"
—~ 1 4
.
o]

0 25 50 75 100

g (%)

[Phys. Lett. B 726 (2013)]
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Projections for 300 and 3000 fbo—1.

ATLAS Simulation Preliminary
Is =14 TeV: [Ldt=300 fo " ; [Ldt=3000 fo"

(comb.)
(incl.
(ttH-like

H—ott (VBF-like,
H—ZZ (comb.

Hopp

Projection for H — Z~
| 300 fb—* 3000 fbo—*

(VH-like
(ttH-like

(VBF-like,
(ggF-like,
H—WW (comb.

)
)
)
)
) Exp. CL, limit (xSM) | 2.53 0.74
)
)
)
)
(VBF-like)
)
)
)
)
)
)
)
)
)

po (o) 0.67 2.12

(+1]
(+0j
H—-Zy (incl.

Limit on width from interference

@ Measurement of mass shift between

Hory o py’ < 30 GeV and > 30 GeV
ke | 300 fo~! 3000 fb—?
(+1] Exp. limit | 880 MeV 160 MeV
(+0j
O 02 04 [ATL-PHYS-PUB-2013-014]
Ap/p
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