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Three years of LHC operations

Energy frontier

The LHC
- Circumference 27 km

- Up to 175 m underground

- Total number of magnets 9 553
- Number of dipoles 1 232

- Operation temperature 1.9 K

(Superfluid He)

ALICE _ _ e 5 f
mmmn shait -

F

——— ATLAS Injection 4ﬂ- 6 x € n
= Existing underground buildings S
Parameter 2010 2011 2012 Nominal
C.O0.M Energy 7 TeV 7 TeV 8 TeV 14 TeV
Bunch spacing / k 150 ns / 368 50 ns / 1380 50 ns /1380 25 ns /2808
e (mm rad) 2.4-4 1.9-2.3 2.5 3.75
p* (m) 3.5 1.5-1 0.6 0.55
L (cmZT) 2x10* 3.3x10% ~7x10%3 103




The first LHC run
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SM Higgs production at the LHC

/ my=125.09 GeV

™ LA S S L B B A I B B B

3

\l|§= 8 TeV

ey R —————— H

LHC HIGGS X5 WG 2012

o{pp — H+X) [pb]
o

—

LI

LI III]]

T
i““‘-ss

250 300
My, [GeV]




SM Higgs decays
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Probability that the background can produce a fluctuation
greater than or equal to the excess observed in data. Equivalent
In terms of number of standard deviations is called local

signhificance.
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Birth of a particle

ATLAS {s =7 TeV (2011), fLat=481b"
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Higgs-like particle — 4 July 2012

o We are living in a privileged moment in the history
of High Energy Physics: first fundamental scalar

- The discovery came at half of the design energy,
much more severe pile-up and one-third of
iIntegrated luminosity than was originally judged as

ATLAS 2011 -2012

vs=7Tew: [Ldt =4 6-4.8 "
\e=8Tev: [Ldl —5.8-5.9 16"

Local P,

Local p-value
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ATLAS riL5716(2012) 1-29,sepr17 (20127 CMS PLBE 716 (2012) 30-61,sep1 17 (2012)
Largest local excess: Largest local excess:

5.90 at m,= 126.5 GeV 5.00 at m,= 125.5 GeV

H-3>vy, bb. 71, WW(lvlv, Ivgq), ZZ(41, vy, liqq) H->vy, bb, T, WW(Ivlv), ZZ(41, lirT, vy, ligq)



Phys.Lett. B716 (2012) 1-29

Phys.Lett. B716 (2012) 30-61

Higgs-like particle — 4 July 2012
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events sighature

Simple event signature

d Two high pT photons
pT, > 40 GeV and pT, > 30 GeV

(] High trigger efficiency
~99%

(J High event selection efficiency
despite high jet-jet & y-jet
production

~40%

(1 High signal over background
~3-10 % (depending on sub-category)
Invariant mass reconstruction m 2= 2*E E,(1 —cos )

U Good energy calibration

J Robust primary vertex reconstruction

—> Excellent invariant mass resolution ~1.6 GeV with 90% of events within *2c
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Shower shapes and vertex reconstr.

Photon ID 2 - Photon shower shapes and background rejection

nP-y Rejection

S3

S2

S1

PS

Vertex Reconstruction

» Photons shower shape distributions in LAr
sampling layers - different for signal and

background (rt°)

m,*=2*E,E,(1 — cos «)

| 4

1 Vertex reconstructed through likelihood combination

> Calorimeter ‘pointing’
> Z tracks pT?2

> Conversion vertex

> Mean vertex position

Calo pointing
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background rejection

g | : Data-driven background decomposition
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Event categorization

Event categories based on eta, pTt, and conversion
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Events /1 GeV

Energy calibration and resolution

m,?=2%E E,(1~-cos a)

» MC based calibration improved with energy scale and resolution corrections
based on in-situ analysis of Z2ee, W—2ev and J/{ =2 ee

~ Energy scale at m, known to 0.3%, uniformity (constant term) 1% in barrel, 1.2
- 2.1% in endcap
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The golden channel Z->II
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Signal and background

g

Irreducible background

The final state is exactly the same, but it does
not come from the particle you are looking for

_ . 4
g Z/y ¢ €
e
Z/Y* E’- l-’l +

Reducible background

The final state looks like the same, but some f
the particle fakes what you are looking for

fake e*

q g N
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Selection

® Cut on particle properties to reduce reducible background
v~ Shower shapes, track properties,

¢ Cut on event properties to distinguish signal from background
v" Particle kinematics, decay kinematics event shape,

® Try to keep signal while reducing background!
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4e candidate. My, = 124.6 GeV, myp» = 70.6 GeV, mas = 44.7 GeV.

€. Pr=539GeV,n=-040, ¢ =1.69
es. Pr=17.8GeV,n=—-0.51, o = 2.84

e. Pr=249GeV,n=-0.33, ¢ =1.98
&. Pr=61.9GeV,n=-0.12, ¢ =1.45

QEATLAS
EXPERIMENT
http://atlas.ch
Run: 203602
Event: 82614360
Date: 2012-05-18
Time: 20:28:11 CEST




Events / 2 GeV

Events - Fitted bkg

Higgs like signal with 7 TeV and 8 TeV data

H->vy

1m —T T T T T T
C Selected diphoton sample

L Data 2011+2012

8000 Sig+Bkg Fit (m =126.8 GeV)
--------- Bkg (4th order polynomial)
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®  Signal significance = 7.4 o
®  my=1268 %02 (stat) = 0.7 (syst) GeV
® M =1.65=*034 (deviation w.rt. SM at 2.30)

2013

H> 4l

30~ e Data ATLAS Preliminary
Bl Background zz" H_:_ZZ['J 4
25— [l Background Zsjets, 1t
|:| Signal (mH:1 25 GeV)

7, Syst.Unc.

Eventsf2.5 GeV

Vs =7 TeV-[Ldi=46 b’
Vs =8 TeV[Ldi =207 b’

15

10
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Signal significance = 6.6 o
= 1243 % (stat) )5 (syst) GeV
H=17034
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Mass measurement

Phys. Lett. B 726 (2013), 88-119

n.

— ATLAS — Combined (stat+sys)
o1 - Vs =7 TeV [Ldt=46-48f '  ====== Combined (stat only)
- Vs=8TeV [Ldt=207 fio H —
61— H—» ZZ* — a7
5 :
4____________________ L . SO _:' _____________________________
(] 2 “F oo v : "
£ =f it H :
3_ M?Exﬁd!—lﬂa! :l
- H i e
| F .: ] nmz— ""5..___"'_" Srg
2— -o% l.: H -“E_ -7 Tew [Lm— 22w .
H o ; H I S et
: "I- : -':";'“E + +1+ J..../r' FEy Il +
| W W A T IR T
B % H '" ) ) e
I .‘1'.;/|\AI|I|II|IIII
P24 127 128 129
my [GeV]

4¢: M, = 1243 £ 0.6, 0.4 GeV

yy: M, =126.8+ 0.2, 0.7, GeV

Combined: My, =125.5+0.2,,, £ 0.6, GeV
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And since then .... (2013)

Panorama of ATLAS Higgs (125) Analyses

channel ggF VBF VH ttH Yield S/B (%) Res. (GeV/c?)
T v v v v ~ 450 1-20% ~1.6
7 — 4] v ~ 16 1 ~ 2.2
WW — Ivlv v v ~ 250 10% Poor
TT v v ~ 330 0.3 -30% ~ 20
VH(bb) v ~50 1-10% ~15
ttH(bb) v ~20 Up to ~5% | Poor (combinatorial)
L Inclusive ~ 40 ~0.2% ~2.5
Invisible (v') v ~30 ~0.2 Poor
Iy Inclusive ~15 ~0.5% ~1.8
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H — yy Update

)\
Since “Discovery Paper?” pis 716
ATLAS-CONF-2013-012

CATLAS

-.?’.EXPERIMENT

Run Number: 204769, Event Number: 24947130

Date: 2012-06-10 08:17:12 UTC

channel basic facts sheet :

e , f

% - 60% vy,yj and jj Hgg, VBF, VH 498&20.7 ﬂ)




QEATLAS
EXPERIMENT
http://atlas.ch

Run: 203602
Event: 82614360
Date: 2012-05-18
Time: 20:28:11 CEST

;:7, —

N
N

b
\ .
N

H — 4e candidate (my, ~ 124 GeVj_ 4

4| channel basic facts sheet :

. Signal Purity Main :




A A
([l + 2v

0,1, 2 jet Channel

ATLAS-CONF-2013-030

\

WW channel basic facts sheet :

Sig. Purity s/b Main backgrounds
5%-40% BgH & VBF




H— 1T A/
Reoptimised 7+8 TeV analysis AT L S

2 EXPERIMENT

ATLAS-CONF-2012-160

—
o A

H — 1,.47h.4 candidate in VBF channel (myc = 131 GeV)

1t channel basic facts sheet :

. Signal purity Main ;
Signal (SM Producti 7&8vaL.
ignal (SM) 7k L — roduction e dt
0.3% - 30% 77, Z+jets, top VBF, Hgg, VH 4.9 & 13 fb




VH production with H — bb

Combined and reoptimised 7+8 TeV analysis

Run: 200787
Event: 144100666
Date: 2012-09-05
Time: 03:57:49 UTC

VH(bb) channel basic facts sheet :

Signal (SM) Slgnasl/f)urlty Main backgrounds 7&8TeV f Ladt




Which Higgs boson we have discovered?

Higgs boson was discovered in ZZ*, yy and WW*
decays

Higgs boson mass is ~125.6 GeV
Measured in H -ZZ*—4| and H—yy
ATLAS: my = 125.5 + 0.2 (stat) £ 0.6 (syst) GeV
CMS:  my=125.7 £ 0.3(stat) £ 0.3 (syst) GeV

ATLAS and CMS data strongly favour JP = 0*

SM guantum numbers; alternative models excluded
at 95% CL.

Signal strength 1 = 6/, consistent with 1
Summer 2013:

All measured properties are compatible with SM
hypothesis.
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Entrance of the Higgs into PDG

2013 NOBEL PRIZE IN PHYSICS
Francois Englert W

Peter W. Higgs iCEEL 5
?"f-, -T,d fom

THE BEH-MECHANISM, INTERACTIONS WITH SHORT RANGE FORCES
AND SCALAR PARTICLES

8 October 2013

The Royal Swedish Academy of Sciences
has decided to award the Nobel Prize in
Physics for 2013 to

Francois Englert and Peter Higgs

“for the theoretical discovery of a
mechanism that contributes to our
understanding of the origin of mass of
subatomic particles, and which recently was
confirmed through the discovery of the
predicted fundamental particle, by the
ATLAS and CMS experiments at CERN’s Large
Hadron Collider”

T Teld and 553 60 an . = B TeW. An sacess of smnis caer hackground wict
a lozal sgnifwance of 5.0 o o oheervad o sbout my g = 125 GeV. Seoc abs CHA
TROHYAN 120




Higgs decays to fermions (2014)

CMS: H-> tt, bb Channels ATLAS: H= Tt Channel
CMS fs=7TeV,L=5f"{s=8TeV,L = 19-20 fb"’ S —
— 20¢
c - ATLAS Preliminary —8— Data
< 18- m, =125 GeV H->tr VBF+Boosted ~ —— H(125)-tt(u=14)
- — | r=%as
T 6] — VH — bb [Lat=2031m" B Others
= 3.80 - H — 1T Vs=8TeV I Fakes

“2 Uncert.

—— Combined

In(1+4S/B) w. Events / 10 GeV

5 %’ r meslp_;n{p:'m} | | |
4;\ standard E 10? LEL%:::?:;S% - E
2:_ model 8 L g : m+:
;.. i Ix.. I| e T N = 0 ol 1 ."."liﬁz..;’.”?f{:". ;T-""T/'l". A
0 02 04 06 08 1 12 1.4 16 18 60 80 100 120 140 160 180 200
M mi/c [GeV]
Significance ~ Exp  Obs Significance | Exp | Obs
CMS (z7) 340 3.20 ATLAS (vt) 3.20 41d0
CMS (bb) 21c 210 Tevatron: exp (2.10), obs (3.00)
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How we can recognize spin?

Spin-0 decays in all directions with equal probability; spin-1 prefers decaying toward or away from the direction of spin; spin-2
prefers the poles and the equator to the region in between.These pictures exaggerate the real distributions for clarity.




Spin observables for H->yy

Separate 0+ and 2+ spin hypotheses using the angular

correlation of the two photons

Relative p, cuts on the photons

remove most correlation with m,

qgqg->2* very similar to SM gg->0+

Collins-Soper frame used to get
reference axis z’ for cos(6%)

z-axis bisects angle between the
momenta of colliding hadrons

Minimizes impact of ISR
Better Ot / 2* discrimination

Entries (nomalised to unity)

LU LB L A L LN LA LI LB LR

02 —J° =2, (100% gg) — &=

-' 'I""l"' 2
- ——J° =0 (SM) —— Background N

2, (100% qq)

0.05(~ arLAS Preliminary
I Data 2012 Vs = 8TerLdt 207fb

0.1 ST

,[H

LI LR

ll]lllll

J

lllll]ll[

00‘ 01 02 03 04 05 06 07 08 09 1

lcos8™]
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Fit metod for H->yy

Side-bands

Events are divided into yy mass
sidebands and signal region

111

#a 20112012 =
Higgs boson m'A-|26 8 GeV (M)

(4th order polynomal)

Events / 2 GeV

lllll

Side-bands: 1D fitinm : |
= Background: O(5) Bernstein polynomial s T,

= Constrains the background shape in the g
signal region of mass 3

Slgnal region: 2D m  -cos(8) fit P o= i Ja] 3
Product of two 1D shapes - lgnal region’ "

D, il 122<m, <130 GeV
= Signal: Crystal ball + Gaussian ¢

mass peak, cos(6%) shape /
from MC

= Background: cos(8%) 1
shape from M, sidebands| ¢

Method assumes minimal
correlation between mass
and cos(8*) in background

Events  Fitlod by

09—~

m, projection x cos(8*) projection _ sy |
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Spin study with H->yy

3k .
YY polar angle 6 ) sinh(17,, — 77y,) | 2 p? p¥2
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ol == I - 2 =
5[}_ I_I __ 0:_ ____________ = _:
B ] _2:_ __",....—J“‘""'--- _:
- IATLAS Preliminary _ 45_5551_45 Preliminary E
0 ¥ i L . = - 2012 -
F Datla 201|2,J-L|d'[ = ’.-_’IU ﬂ:lll Vs I:B T(TV | | 5 —6:—-'1(" —207f" {5=8TeV -
e 7 e wC1 o oy by oy ey by T
0 01 02 03 04 05 06 0.7 08 09 1 8 0 20 40 60 30 100
lcose”| I (%)
°

If spin-2 resonance is produced 100% by gluon fusion, observed rejection p-values are:
v spin-0 2 58.8% (1.2% expected) —> good agreement with spin-0 hypothesis
v spin-2 2 0.3% (0.5% expected) > spin-2 excluded at 99.3% CL
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Spin study with H->4|

* Sensitive variables *  Expected separation >2.50, except for 2+m (~1.50)

v" Intermediate boson masses: m5|, m, /" New boson compatible with SM 0+ Higgs hypothesis when
i d pair-wi ith 0-, I-, |+, 2+
v' Z, production angle: 6 * compared pair-wise wi m

v' Z, decay plane angle: @
v" Angle between the Z, and Z, decay planes: ®
v" Decay angles of negative leptons: 6 |, 8,

_— 1 0 T T T T T T T T T T T T T T T T

= [ ATLAS Preliminary | ]
g gf H=zz"—-4 ® Data Spin 0]
T~ [ E=7TeV:fldt=46f" Soraiheotest {1 ]
23 gL 5=8Tev:Ldt=2071" o .f =0 [I2]
g E J®-MELA analysis . £ =2

——— i —— — el i i — i —

L P B R
0 25 50 75 100
gq Fraction (%)
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Higgs boson width

Particle | Width[MeV]| | Lifetime|s]
t ~ 1.300 ~5x 1025
. . W ~ 2.000 ~3x10°25
Direct measurements are limited 7 ~ 2 500 ~ 26 x 10-25
by experimental resolution i 491 +0.16 | ~ 1.65 x 10-22
CMS: b 44%x10710 | ~1.5x 10712
H—yy resultsly < 6.9 GeV
H—>ZZ results T < 3.4 GeV
> 3555'1“51 e Ve b D) '?'f‘f=g;::,‘L,=’,97.': ,:C) GfMSV G 7\s'=7'T?aV_.L'=§.1'1b1";'|'sr=Te'l;e'\'?.L='19'.71b‘
g 30:— Bz = N st
2 - Olzv.zz : '
> 25f [ Jm, =126 Gev
202— 1
15}
soF-
sE
i

80

SM Higgs total width ~4 MeV @125GeV
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Higgs boson couplings

f i/
H H s .
...... gy = mefv g guryy = 2My[v?
j - ;
V i
i 2 o
""" gayy = 2My v SRR Juny = M v
V, N H
. . S, o H
For the time being only TR
test the bosonic and . ,:' . \ Ounnn = M Jv?
fermionic sector i R "
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Higgs boson couplings

o Simplified framework (LO —like):
Signals originate from single resonance with mass ~125 GeV

The width of the assumed Higgs boson is neglected, i.e. zero-
width approximation is used

Uz’i'Pﬂ
[y

(0 -BR) (it - H— ff) =

Only modifications of coupling strenghts are considered, the
tensor structure is assumed as in the SM i.e. assume thatitis
,Higgs-like” resonance.

- Couplings represent pseudo-observables, i.e. are not
measured directly, certain ,unfolding” procedure required to
extract information
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Measuring Higgs boson couplings

Rather than discussing couplings, introduce concept of
,scale factors” k, : cross-section or partial width scale

with ;2
it g IS, —~ Qm; ;
L=rs 0 H kg 27, ZHH G Ywiw+H
P - ,.-—’ v V)]
—. O
. s L I.V I.U
4—(/5_91)””(“;’“/(““ i< § -l—‘h,ﬁ;)ﬂ_—T’Aw,A H + hz7 A Wl - |
+rVV 5 — (cos® Ow Zp ZHY + 2WEW H) H
— m 5
= <~t’Z ff ﬂb)g «h, jioN —L_fjf H.
f_” o / C _d K] b s f—e,;l.,‘r

Define the normalized coupling constants (w.r.t. the SM couplings)

k2 B 1—-.i 2k2l-.5"\4
i rSM rSM
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Cpuplings scale factors

(1) Tree Level Couplings scale factors w.r.t. SM

W, Z i F
II———{H‘ x KV %lifrﬁ“ia

W, Z —
o H
4 f'\'L_L:I

« W,Z
Affecting decay and production 5 — W, Z
modes
J - —
\\\
H o< K - ;‘;-_ - H
F ¢
e t
f ==
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Couplings scale factors

(I1) Scale factors of loop induced couplings w.r.t. SM

K o K y
t N\fw Y
t H - W
t H T

‘“’Lr\i,}(

- Loop expression ambiguity :
Can be expressed in terms of kg and k, (Assuming the SM field content)
Or treated effectively (Allowing for possible additional particles)

K'? o-ggH(mH) + ggH (mH) + Ict“b a-ggﬂ(mH)

aggH (mH) + JggH (mH) + JggH(mH)

K2 (Kb, K, my) =

Ez‘j KiK; - F%(mﬂ)
>, T (mz)

ﬁ(xbﬂﬁtaxtersmH) -
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What do we measure?

We measure event vields

CMS fi-?Tﬂ‘VL 51'!} li--BTt"fL 13?&!
o L B T T

o o = o I T T
We want to derive couplings & %sF iﬂﬂ*ﬂ
. @ Z4X
and signal strengths s Dz 2
The first thing we want to 5 25 [ Jm, =128 Gev

measure is the the “signal
strength” per channel

The analysis is using
discriminators (usually
reconstructed mass related)
to increase S/B

(E{/J—H XZ (c? X Br'),,, X @@@

p €(ggl.VBI", VH 1tH ) i e (yy,ZZ WW bb,TT)

LZZ(@125.5 GeV) = 1.44 +040 _ 6.6c (4.4 exp) ATLAS
LZZ(@125.6 GeV) = 0.93 +0-26+0.13 _ 6.8c (6.7 exp) CMS
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What do we measure?

We measure event yields

=>5000F T T T T TS

We want to derive couplings I Sty S i%?gtmm
and signal strengths A A = -
The first thing we want tfo *%m :
measure is the the “signal I
7 o i
strength” per channel 22000
2D :
| Tbe' analysis is using 2
discriminators (usually R
reconstructed mass S oo
w 110 120 130 140 150

to increase m,, (GeV)

1,)= xz (cr‘”xBr)ng@,} >9"\eﬁ )|
pe(ggF VBF ,VH ,itH ) i e (yy.ZZ,WW ,bb. n)
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What do we measure?

We increase sensitivity Phys. Lett. B 726 (2013), pp. 88-119
by classifying the events TS o o WH mzH mH
via categories and e oo s -
measure the signal p—" _:
strength per category core o, [ —
I

and then combining them | Loose/tight high mass 2jet (VBF tag) °
taking all the sytematic N —
and statistical errors o e

uncertainties into accou

allowi e measurement of the couplings
n ‘”\_ [T Z (6P x Br' ) AC\F\ "”7\>/I_um)
p\efggF VBE VH ,uH) e (yy.2ZZ.WW bb.11)

WY (@125.5 GeV) = 1.57 *033_ . 7.4c (4.3 exp) ATLAS
WY(@125.7 GeV) = 0.77 *02°_ . 3.2c (3.9 exp) CMS 07
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Higgs boson decay channels

Significance =0 xB) (ox g Signal Strength
740 (4.30) W a=157%8 ———i
6.60 (4.40) W | w=1448 L u=135%3 —
3.80 (3.80) Mow [ #=10000% ATLAS —_—
416 (3.20) L - .u=1-4$i} 1=109%0% _—
0.360 (1.640) n | #=025 I . I
Obs.  (Exp,) Combined | n=1307;; —a—i
3.20 (4.20) W |- w=078%; —_—
6.8 (6.70) W |- u=0933 ——i o
4,30 (5.80) MWW | 1=076%5 CMS | -
_ 4027 =~
3.30 (3.70) w_ |- u=0784;, 08302 — — Jé
2.1 (2.10) W | #=1005% ' e ] |
Obs.  (Exp.) Combined| = u=0827}] —
(private) L I RS S S S S — I
-1 05 O 0.5 1 1.5 2

Signal strength
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Probe the production

We fitted ~ ATLAS Preliminary Total uncertainty
i - i m, = 125.5 GeV + 1o on - s
Hyprive = l:ou’VBFJrVH X :u’BR] e
H— vy :
: - < 1 Mo = 4 2108
u'ggF e u'ggF +tH u‘BR L kil 06 i l
H- ZZ* - 4l ? :
. “vas»vu - +e.
Taking one decay mode at a poeet = 0,650 I .
ti + ggFsttH o o i S
ime we can go one s ep H o WW* = Iviv !
further and fit the ratio Mg = 4 g+19 I
%pehgnnel— oo i sl : i
u l u Ho 1t 5 :
VBF+VH __ I""VBF+VH Mo — 4 7+
i o pggF‘ﬁH 12 | i l !
- =t M
This ratio is INDEPENDENT peew = 4 407 |
goF- i i i i
of the decay channel sowe ., jg-s648n O 2 3 4 O
can combine ls=8Tev [Ldt=203 " HyBravh / uggFﬂtH
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Probe the production mode

210
-
N3
NE 8
~ >
=.
6
4
SM 2
—_—
0
2

I I 1 || | I
+ Standard Model . .

»x Best fit
— 68% CL
=== 95% CL

-

I I I ] I I | I | L I 1 I I I I I | I I I
ATLAS Preliminary
\s=7TeV |Ldt=4.64.8fb"

Ys=8TeV |Ldt=2031fb"

— H =¥y
—_—H = 27" — 4]
— H - WW* — Ivlv
— H —= 11

..............
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Overall comparison of all couplings results

|
Custodial Mzl =095  ALAS  F—ed
Symmetry Myz [ [0.73-1.0] CMS
| KE [~ xe=0997%  ATLAS S_—ii __________________
Coupling to KE = [0.71-1.11] CMS
fermions (o M) Ky [ = 11522 ATLAS [ae.
and bosons ( « M?) Ky - pstoen1 cvs M=
My 2, =086%  ATLAS e
Heavy quarks Kg — xg =1.0821 ATLAS
in the prod. loop Ko e A e
g [ [0.73-0.94] CMS
W boson and 1 Ky« =119 ATLAS
top quark in the loop K? L [0.79-1.14] CMS
Flavour ldu — [0.78-1.15] ATLAS P
Symmetry Mgy [ [1.0-1.6] CMS
qu — [09915] . ATLAS = ==
?um — [0.89-1.62] CMS

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2
Coupling scale factor
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By fitted production mode arXiv:1567.04548 [hep-ex]

Combination of two experiments
(ATLAS-CONF-2015-044, CMS-PAS-HIG-15-002)

ATLAS Input measurements
Individual analysis +
Yy e +*1conpu
Overal- u = 1.17 1254 n:-o-c
H-yy f = -
Zr $ i
voralk p - 1.44°%%° 112535 :
H o zze Or=te-1atll 36 ;""‘:
QQF «t2H 253 P—
el P EENPSIN. e e ,Ar»wlo Fo— l.lA'l
Overal 3 12538 s .
H - Ww* z 1
ggF: 253 —— .
VBF-u 25 —
s e - B
F 2% —1—0——0
E
Overalk p = 0.52'7% 128,38 . 5
WESSVeR - - e : :
ZH s l
H - uu Overat 1255 :
H > Zy veral 1255
- .__._. :

\s=7TeV,4547 "

\s =8 TeV,2031b"

T |
|

1

< 0 2 B

Signal strength (u)

Combined
=1.00+0.14

H- vy (Emtagged)
H — vy (VBF tag)
H— vy (VH tag)
H— vy (ttH tag)
H— ZZ (0/1-jet)
H— ZZ (2-jet)
H— WW (0/1-jet)
H— WW (VBF tag)
H— WW (VH tag)
H— WW (ttH tag)
H — tt (0/1-jet)
H— 1t (VBF tag)
H— =t (VH tag)
H— tt (ttH tag)

H — bb (VH tag)

H — bb (ttH tag)

7y

EPJC 75 (2015) 212

19.7fo' (8 TeV) + 5.1 fb' (7 TeV)

P = 0.84

m,, = 125 GeV

1 ! 1 1

L | "

2 4
Best fit c/csS

By tagged production mode



The global signal strength

* Assuming SM ratios of production cross-
sections and decay rates

= 1.09%007 (stat) “0:04 (expt) “0:03 (thbed) (¢ (thsig)

\ /
\\ /
Stat and Th.Sig of comparable size

(Th.Sig dominated by ggF cross-section uncertainty)
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Signal strength by production and decay mode

Production signal strengths Decay signal strengths
(SM values of BRs assumed) (SM value of production o’s assumeqd)
tHTIEAI:ma?d CMS Preliminary :(A:LLSAS ATLAS and CMS Preliminary - ATLAS
i +ATLAS:CMS R - CMS
" =5 | _ - ATLAS+CMS
B 3 SM p-value TR e =
m I S 25% | - SM p-value
VBF e o 60%
- : 77 S i
u - "
WH ' — :
. — uWww —
ZH -— 2.30 from SM - :
Moy : —= K e
" = ute | ===
lllllllllllllx‘lllllllll‘llllllllllllll -||||||||i||||||||||||||||||||-|||||l'|
0O 05 1 15 2 25 3 35 4 0 05 1 15 2 25 3 35 4
sM Parameter value SM Parameter value

51



Signal strength in V, F mediated

= Measure ggF+ttH production ,,fermion mediated” and
VBF+VH production ,boson mediated” for each decay mode

I 4 ||||I||| ||||||| LI ||||||| |||I||| |||||||||| T

b — —

v | L ATLASand CMS  Correlation from |

o B ] +0.35
= |3 LHC Runt VBF-tagged ] #V/ﬂp = 1.06 —0.27
— Preliminary cafegory ylelds -

Production process Measured significance (o)

VBF 5.4
1 - WH 2.4 \
< 5 ZH 2.3

(\¥]
IIII||III

E S - 1 VH 3.5 New!
0- S 4.4

- CJH = vy -+ Decay channel {
1: % g : ifw ] H-— TT 5.5

-~ *SM  —68% CL B ] L% 2.0

- + Bestfit [ JH—bb .
2||||I||||||||||||||||||||||||I|||||||||||||||||
-1-050 05 115 2 25 3 35 4

f
HggF+ttH
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Constrain on three-level Higgs couplings

= Assume only SM physics in loops, no invisible or unseen BSM

Higgs decays

= Fit for scaling parameters for Higgs couplingsto W, Z, b, t, T, 1

ATLAS and CME Preliminary —ATLAS
LHC Bun 1 -=CMS
| . ATLASHLMS
_ —= Iz
Kz =
e
" ——  Low measure
w —
B * valueof K,
. reduces total |
t — B
——  width: all &;
B L mcasured low
- ——
Ky ——
*I
——— i
h:l-l

Parameter valus

coc e b b b b b e I
D 02040608 1 127140618 2

Ratio to SM

1 ATLAS and CMS

o —

= LHC Run 1 Preliminary ot
10—1 :_ —— Observed oW _;
= - SM Higgs boson E
102 I . —; -
= s | Within currert precision
C b o e o :
10F u Higgs couplings scale with
> particle masses
107 P
1.4E - ]
1.2 E
0.85 i 1
0.65 I =
0.4= E
0.2 ¢ 3
0= I—1 I I IQ
10 1 10 10

Particle mass [GeV]
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Concluding Higgs couplings measurements

ATLAS and CMS Higgs boson coupling results have
been combined, sensitivity on signal strength

improved by almost /2

— Higgs to Tt and VBF production established at more
than 5c level

— The most precise results on Higgs production and
decay and constraints on its couplings have been
obtained at O(10%) precision.

— Different parametrisations have been studied, all
consistent with the SM predictions within uncertainties

— SM p-value of all combined fits in range of 10%-88%
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