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discovery ... ayear later

_ |
the most precisely
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LHC Luminosity

» spectacular 3 years of running and ~30/fb

LHC 2011 RUN (3.5 TeV/beam) LHC 2012 RUN (4 TeV/beam)

-—O—V ATLAS 5.626 fb —0— ATLAS 23.269 fb
—a—  CMS 6.136 fb~' \ 2 a- CMS 23269 fb'
—o— LHCb 1.217 o’ | —o— LHCb 2.192 fb-
O ALICE 4877 pb7 ALICE 9.678 pb’
PRELIMINARY PRELIMINARY
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Higgs Production
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Higgs Decays
Relative decay rates for a ~125 GeV Higgs:
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Higgs Decays

Relative decay rates for a ~125 GeV Higgs:
__ |BR__bis

bb 58%

WW  21.6%
ZZ 2.7%
gg 8.5%

6.4%
2.7%
144 0.22%
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Signatures & Measurement Strategy

Defined by a combination of theoretical and experimental considerations:
e.g. expected signal rate, ability to trigger, signal-to-background ratio,...
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Signatures & Measurement Strategy

Defined by a combination of theoretical and experimental considerations:
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Higgs Decays to Bosons
—77—4|

— Yy

— 2y

— WW-=lvlv

SIGNATURES OF THE HIGGS
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H—Z/Z—4l: Golden mode

. Data  ATLAS Preliminary Ve_ry small BR ~10* at m,;=125 GeV
=EZ§E§§32§Z;E,ﬁ Hoz2 54l 4 isolated prompt leptons (low py)
[ Sanal (m, =125 GeV) Reconstruct mass of the Higgs boson
peseeerella- o’ Good mass resolution =1-2.5%
Backgrounds:
— irreducible: ZZ (from MC)

— reducible: Z+jets, Zbb, tt, WZ (from control
samples)

Checks in background control regions

— SM Z->4l allows validation of the mass (and future
CMS Preliminary fs=7TeV,L=5.1fb";{s=8TeV,L=19.6 " W|dth) measurements
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H—Z/Z—4l: Golden mode

> F (] ~ '4 -
3 sof + o  ATLAS Preliminary Ve.ry small BR ~10* at m =125 GeV
g =2a0:3f°““j§2f’t  Hozz 4 isolated prompt leptons (low p-)
& 25 ackground Z+jets, .
G ] ignal (m =125 Gev) Reconstruct mass of the Higgs boson
20 %/ Syst.Unc. B N ’ .
s 8- 7Tov -0 Good mass resolution =1-2.5%
15[

Backgrounds:
— irreducible: ZZ (from MC)
— reducible: Z+jets, Zbb, tt, WZ (from control
samples)
Checks in background control regions

— SM Z->4l allows validation of the mass
Prlelin:in?ry \IE=] 7 ITev, L.= I5.1 ]fb‘1 ; qE:I 8 TeV, |_|= 1|9.(? fb! meaSU re me ntS

I I I T i 1
¢ Data 4

16
my ?GeV]

351

30F B z+x = :
: Ooz | dominant ZZ bkg 75 4]

Events / 3 GeV

25K .
C [l m, =126 GeV] > oo CMS Preliminary (s=7TeV, L=5.11b" {s=8TeV,L=19.6 "
Jo) . .
- ] [CINNE ATLAS Preliminary > 70
=
201~ -] 2 « Data < M, =91.17 +0.23-0.22 GeV ||
- 4 < u * = . + 0. -0l e
15 () 60 z
& % Il Background 22 = I, =2.86 +0.51 - 0.47 GeV ‘
_ [ Background Z+jets, tt € 50
% Syst.Unc. Q e Data
SN B2

Hozz" a1

\s=7TeV:|Ldt=4.6 0"
{s =8 TeV:/Ldt = 20.7 fb'

120 140 160 180
m, [GeV]

Z-Siahd - ™
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Use of kinematical variables: K,

Ky :MELA: Matrix Element Likelihood Analysis:
use kinematic inputs for signal to ZZ
discrimination: {m,,m,,06,,6,,6*,®,®.}

1 —+ Pl)kg<ﬂ2’l7 ma, 91? 92? (I)a 9;&:’ (I)l ’772-4f:> -
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Use of kinematical variables: K,

Ky =MELA: Matrix Element Likelihood Analysis:
use kinematic inputs for signal to ZZ
discrimination: {m,,m,,06,,6,,6*,®,®.}

)

Pig(ma, ma, 01,05, @, 0%, &1 |my)

* -1
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19.6 fb™! i CMS preliminary Vs=7TeV,L=5.1fb" {s=8TeV,L=19.6 0"
1 w 7I TTT ‘ TTTT ‘ TTTT ‘ TTTT I TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT
[ e Data

F[zz,zy
E I z+X

F [ ]m,=126 GeV

—_ n w £ (2} (o)) ~ [e0]
LI LI L L B

ﬁ el T T

0 110 120 130 140 150 160 170 180 Q0 110 120 130 140 150 160 170 180 0102 0.3 04 05 0.6 0.7 0.8 0.9 1
m,, (GeV) m,, (GeV) Ko

(@)
T




Use of kinematical variables: K,

Ky :MELA: Matrix Element Likelihood Analysis:
use kinematic inputs for signal to ZZ
discrimination: {m,,m,,06,,6,,6*,®,®.}

{4 Pirc ,.(ml, Mo, 01,05, ®, 0%, ®1lmy)
P (mi, mo, 01,00, @, 0%, ®1my)

eV, L=196 1" CMS Preliminary Ys=7TeV,L=56.1fb";ys=8TeV,L=19.61b"
_Ill!|III\|III\|!II!|1III|\III|!I1I|II!I|_

: Kp>05 -
- Ozvzz

[ ]m,=126 GeV]

Events / 3 GeV

iy L %
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H—/Z/Z—4| : Mass Measurement

ATLAS Preliminary H-zz" -4 /

\s=7TeV: [Ldt=461f" ’
\s=8TeV: |Ldt=20.7fb"

— all systematics
----without MSS(e) and MSS(u)

= +0.6 0.5
Lo My= 124.3 7 (stat) To‘s (sys) GeV

130 132
my, (GeV)

M= 124.3 706 (stat.) *03_ ,(syst.) GeV M= 125.8 + 0.5(stat.) + 0.2(syst.) GeV

« This channel provides the most precise mass measurement
« CMS: event-by-event mass uncertainties lead to an 8% improvement.
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Small BR ~2x10-3 at 125 GeV
Bar 2 isolated high p; photons

Vs=7TeV,L=51f"(MVA) — SIB?C
Vs=8TeV, L=19.6 fb' (MVA) g Fit Component

= Primary vertex determination
(pile-up!)

CMS: mainly from recoiling charged particles

ATLAS: also from photon pointing (longitudinal
ECAL segmentation)

Reconstruct mass of the Higgs boson

Good mass resolution =1-2%
« anarrow mass peak on top of a large

Data 2011+2012 .
T steeply falling background
ATLAS Preliminary

Backgrounds:
f — lIrreducible: 2y QCD production
— Reducible: yj and jj

background: fit to m,,-distribution
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- Fitted bkg

Events
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H— yy

« Energy Scale Calibration, crucial for good mass
measurement

« ECAL response calibrated with M —yy, W — ev (E/p), Z — ee
CMS: Laser corrections measuring transparency loss are applied
ATLAS: Calorimeter response stable at 0.1% level wrt. time/pile-up

Energy scale stable with Z mass resolution as a function of time after
pileup and time application of analysis level corrections (energy scale)

1.005 :
1.004f  RMS: 0.023% ® WoevElp : *“[" cMS Preliminary 2012
1.003F ..AMS: 0.033% O.£2eelnv. Mass 4 s =8TeV, L = 19.6 fb"
1.002F- | | E ECAL Barrel

1.001F " =
E | :‘:-:':»—“\'»—"—:‘;» A +*‘* O o

1E 2 4-—#—‘:#_ - *?._{.}I_‘l;_""*{,_cﬂ-o- o
0.999F- . '
0.998F

0.997F y
- Data 2012,\s=8TeV, | Ldf=13.0 fb
0.996 | -

- ATLAS Preliminary
0995— | | I | I

26/03 25/04 25/05 24/06 24/07 23/08 22/09
Date (Day/Month)

Relative energy scale

K

i i
02/05 01/07 31/08 31/10
date (day/month)




H — yy: analysis strategy

exclusive event categories: to increase overall sensitivity and
sensitivity to individual production modes (VH, VBF).

ATLAS Preliminary

H— vy

VH enriched —

VBF enriched —

ggF enriched

di-photon selection

One-lepton

W(= W)H, Z(— I)H

E™* significance

W(=s IV)H, Z(~ vW)H

A\ 4

Low-mass two-jet

W(= )H, Z(= i)H

v

High-mass two-jet

VBF

v

9 pﬂ-n-conversion

agF

caution: purity of categories varies!

Inclusive
Unconv. central low p

Unconv. central high P,
Unconv. rest low P
Unconv. rest high P,
Conv. central low P
Conv. central high P,
Conv. rest low p_,

Conwv. rest high P,
Conwv. transition

Loose high-mass two-jet
Tight high-mass two-jet
Low-mass two-jet

ET™ significance
One-lepton

— wggF  mVBF WH mzZH wmttH
_ATLAS Preliminary (simulation)

I L LI LIS LU

10 20 30 40 50 60 70 80 90 100
signal composition (%)




H — yy: analysis strategy

« 4 event classes based on a Boosted Decision Tree output

« BDT inputs:

— Kinematic information, photon Id classifier, estimated mass resolution
« Additional exclusive classes for VBF and VH

< X1 03 MC 53 DiphotonJets + PhotonJets + DiJets / Data {s =8 TeV L = 19.62 fb’
< MC 53 Hgg 125 GeV (s = 8 TeV L=19.6 fb’ © 60 = —&— Daia
o 25 [ B Gluon Fusion oibo o - B Fake-Fake
Q L — VBF % k4 | B L= Prompt-Fake
) L Ly = [~ —— Prompt-Prompt
c 20 T e " I QC) 50 o B0 Sthe Sysrt’ematics
[¢)) B B2 1D Shape Systematics = > :%
& : b fl_> 40 ..‘\ en | « kb
= | - 5 S 40L& 5 | 5 RIS
- 15[ * O © 19 PP
: 30§ |1
10~ ;:Q: | | |
B 20 e I | |
: S |0
51 i < A I I |
- 10— S‘, -
: E .QAWMAVAM.......M‘I |
= = —r—— bt o l L
%% 0.5 0.0 0.5 1.0 %% 05 0.0 0.5 1.0
di-photon BDT di-Photon BDT
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H—yy: Mass Measurement

\s=7TeV L=5.1fb"!
CMS Preliminary {s=8TeV L=19.6ib"

L I B B N R BRI

—— All systematics ATLAS Preliminary -
Without mass scale uncertainties

---------- Without systematic

+ Best fit

m, =125.4 + 0.8

H-yy
— Stat + Syst

Stat Only

II|III\|IIII|IIII|IIII

IIII|IIII|IIII

— 68%CL
—_ 95<|>/° cL | \s=8 TeV, | Ldt =207 fo! -
125 126 129 130

my [GeV]

IIIIIIIIIIIIIIIIIII|IIII|II

\s=7 TeV, J Ldt=4.8 fb"

ATLAS: M= 126.8 £ 0.2(stat.) £ 0.7 (syst.) GeV
CMS: M= 125.4 +0.5(stat.) £ 0.6 (syst.) GeV

mass measurements limited by systematic uncertainties
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H— Zy— lly

A loop-mediated decay.

In certain models this channel
ATLAS Preliminar
o could be largely enhanced.

e Wy 2125 G Measurement/limit can constrain
BSM models.

Z decays into 2 charged leptons.

Events/1 GeV

25 30 35 40 45 50 55 60
Am [GeV]

BR (H — Z ) is comparable to
is=7Te\;,L=5.0fb" BR( H — YY) I/ bUt BR (Z — ”)

s=8TeV,L=19.6 fb"

W o maon s reduces sensitivity (factor 15)

—@— Data
—— Background Model
—— Signal m =125 GeV x 100

mass reconstruction using
dileptons and the photon.

Events/(2 GeV)

?(]U I]U 120 l.’\ 140 150 160 170 180 Search for a narrOW IIY peak On top
sl of a falling background, similar to

H— vy
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Events/1 GeV

H— Zy— lly

&](]0

ATLAS Preliminary
—e— Data 2012

------ HoZy (m, =125 GeV,04,%20;

55 60
Am [GeV]

{s=7TeV,L=5.01fb"
s=8TeV,L=19.6fb"
% Electron + muon channels
—— Data

—— Background Model
—— Signal m =125 GeV x 100

10 120 130 140 150 160 170 180
m,, (GeV)

(H—>2Zy)

SM

95% CL limit on 6(H—Zy)/c,

/[ox BR]SM

©CL

95¢

[ox BR]

[Ldt =461 1s=7Te

K J Ldt=2071",1s=8Te

CMS Preliminary
{s=7TeV-L=501b"
(s=8TeVL=1961b"

Electron + muon channels

130

— Observed
Expected
+ 1o
+ 20

ATLAS Preliminary

145 150
my [GeV]

= Observed

=== Median Expected

Expected + 20

140 145
my (GeV)

A loop-mediated decay.

In certain models this channel
could be largely enhanced.

Measurement/limit can constrain
BSM models.

Z decays into 2 charged leptons.

BR (H — Z ) is comparable to
BR(H — vyy), butBR (Z — II)
reduces sensitivity (factor 15)

mass reconstruction using
dileptons and the photon.

Search for a narrow lly peak on top
of a falling background, similar to

H— vy
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H—-WW — lviv

two high-pT leptons and Missing E;
ATLAS Preliminary —¢— Bko. sublracted Data ,
s=7TeV,f Lt=d6 " [ ] Hizscew Scalar Higgs boson + V-A structure of W decay
\s=-8TeV,] Lt -20.7 b favors small opening angle between the
HoWW Siviv + 0/1 jets

2 charged leptons (tend to have small Ag)

Events / 10 GeV

Most sensitive channel around 2xM,,
— gives the smallest error on

No narrow mass peak mass resolution ~20%
Backgrounds

irreducible: WW
~ data — m=125GeV  CMS Preliminary Z+jets, tt, W + jets, WZ

M H125 W+ijets fs=8TeV,L=19.51b"
m v Top

o Top =71 BG estimation is crucial and based on control
W seeast e — metzsGev OMS Preliminary regions from data for most processes.

M H125 Wrjets fs=8TeV,L=195fb"

m v Top —_ - 1
fs=7TeV,L=491b

m v ww

W stat.®syst.

60 80 100 120 140 160 180 200 220 240 260
my [GeV]

events / 10 GeV/c?

O-jet ep

« Perform analysis in bins of jet multiplicity
ﬁ — sensitivity to different S/B
+ \ — Sensitivity to VBF
F ATLAS: m-distribution
* , CMS:

events / 10 GeV/c

w0 Different-flavor: 2D distribution N(m,,my)

mi® [Gevic?]

. . . Same-flavor dileptons
A significant excess 1s observed...




WW=>Ivlv

« CMS: 2D analysis (O jet bin
MC Background Higgs signal at 125 GeV

Background M, = 125 GeV
CMS preliminary L= 19.5fb ' (8TeV) CMS preliminary L=19.5fb ' (8TeV)

Data Data - Background
CMS preliminary L= 19.5fb ' (8TeV) CMS preliminary L= 19.5fb ™' (8TeV)

M; (GeV)




significance

H—-WW-—=lvlv : results

 Significance Signal Strength (u)

N — p-value: O
102;:TL\;\/4V.?/(!?re|[\i}rhrjinary :S:;Iex:}tj:::f;%é E 45 ATLASPreIiminaryH%WW(*)—>Iv[v B §=_
E s=8TeV: =20. 3 . ' — =
10k —obs. B+t 4 EXpeCted . 3.70 £ i\ \s=7TeVi[Ldt=461" | Ly E
_1': Exp. m, =125 GeV [CJ+2c 7 0o Ob d . 3 8 E . ; \‘ . s=8 TeV:J-Ldt =207 {5 ; CT,I
o = AN N 3
167 - = . Se rve u " 0 g) 35 ‘\\ ) — -2In\(u,m ) =23 ; —15
I e n 25 N 0 N— -2 Ink(u,m,) = 6.0 =
102 20 25_ —e— HoWW Ssiviv (201142012) ]
167 Jas E —¥— Hoyy (201142012) 1 10
...... E _ _ 5E H-2zZ"-1 (2011+2012)
B —— u=0/osm =1.01 £0.31 1K, " :
I et 46 1B S 3 s
10° E E e N E
10°320 130 140 1 "1‘"“1‘1‘-‘1‘1“'1'1-‘.’ O i =
20 130 140 150 160 170 180 190 200 Sl Lt i o T H o
m,, [GeV] @ mH = 125 GeV P15 7920 125 130 135 140 145 150 155
m,, [GeV]
30 | signal strength, CMS preliminary, L = 24.4 fb™
[ CMS Preliminary ... Expected ] - -
— 4 SF 1-jet 7 TeV -
e e : |
\s=8 leV, L =19. I _. - :
25[" Howwo2i2v 0/1-jet ‘:l'"’em""'ﬂ'mmev n p Value- s ojet7 Tev i
[ Injection = 1o _ H
zoi [ miection + 20 5 EX pected . 5 . 0()- e
: il | Observed: 4.00
151 - -
C ] SF 1.jet 8 Tev = @, 920000
1o ] U=0/0sMm = 0.76+0.21
5} --------------- { DF 1-jet 8 TeV 7.__;
0_ Lo L LT lu-- ‘..‘L..\L....Lm;:\- @ mH —_— 125 GeV DFavjersTeV‘ TN I R N N ﬁ..l_I P S N R T N B!
100 200 300 400 500 600 -1 0 1 2 3

Best Fit 6/cg),

m,, [GeV]



Higgs Decays to Fermions
Hott
H— bb

SIGNATURES OF THE HIGGS
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Hott
* multiple signatures

Gluon Fusion Process Boosted Gluon Fusion Process e VBF Process b VH Process
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Hott
* multiple signatures

Gluon Fusion Process Boosted Gluon Fusion Process e VBF Process b VH Process

H—o>tt—>00+4v (12%)
H—>1t—>/l7,+3v (46%)
H—>rt—>r1,7,+2v (42%) 2-jet VBF

VH (use leptonic decays of V)

1-jet boosted
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s s di-tau candidates: et,, U1, €M, MM, T,T}

— 5x H(125)>1t
Bzt

Multi-jet
Il Others

Bkg. uncert.

fra-reow reconstruct di-tau mass (including missing E+)
poor mass resolution =15%

Events / 8 GeV

ATLAS Preliminarv

ThadThad H+2-jets VBF
—e— Data

100 150
MMC mass

Events / 16 GeV

Higgs signal on a falling slope

[Ldt=13.0fb"
\s=8TeV

Backgrounds:

TS e < B — 71T use Z—u data, replace p with

MMC mass m,. [GeV]

simulated T decay and use normalization
ot g i from Z—pu data

o o — Z>ee, WH+jets, ttbar: MC for shapes, data
for normalization

— QCD: from control regions

CMS Preliminary, (s=7-8TeV, L=243 b’

T

—e— Observed

2223 SM Higgs (125 GeV)
 I— A

 I—

B clcctroweak

S/B Weighted dN/me [1/GeV]
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Study topologies of 3 and 4 lepton final

[ ] Reducible bkg. states
[ Iwz .
my, = 125 GeV/c’ Use tau decay channels into electrons

muons and hadronic final states

—— Observed

. Vs=7TeV [L=501b"
Vs=8TeV [L=19.5fb"

40 160 0
m’s[GeV/c
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CMS Preliminary

Study topologies of 3 and 4 lepton final

[ ] Reducible bkg. states

[ Iwz .
my, = 125 GeV/c’ Use tau decay channels into electrons

¢ Observed muons and hadronic final states

- Vs=7TeV [L=5.010"
Vs=8TeV [L=19.5fb"

Events/20 [GeV/c']

Upper limits of 2.9 to 4.6 times the predicted

Standard Model value for oxBR at 95% CL.

40 160 CMS Preliminary

2
m’s[GeV/c Vs=7TeV [L=5.01"

—— expected Vs=8TeV [L=195fb"
12 [ * 1o expected :
| + 20 expected

myGeV/c’]




H— 17 : results

 Significance

ATLAS Preliminary JLdt=461f" 1s=7TeV
[Ldt=13.00", s =8 TeV
—Observed H — tt

--- Expected for SM Higgs Boson
Expected for SM Higgs Boson at mH=125 GeV

Local p-value

—e— p-value observed

------- p-value expected

120 130

Signal Strength (u)

p-value:
Expected: 1.70
Observed: 1.10

@ mn = 125 GeV

p-value:
Expected: 2.60

1| Observed: 2.90

U=0/0sMm = 1.1 £0.4

@ mn = 125 GeV

CMS Preliminary, Ys=7-8 TeV, L=24.3 fb", Ho1t

m,, =125 GeV
2-Jet (VBF)
VHo 11+l
Combined

2 4
best fit for G/GSM

include VH results




H—Dbb

e process: VH, VBF and ttH

« Large rate BR(H—bb)~58% (mH=125 GeV)

* Provides direct constraint to Higgs couplings to fermions/
quarks

« Challenging due to high jet background
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VH—->Dbb candidate

@ATLAS

EXPERIMENT
http://atlas.ch

Jet 1, pt: 153.78 GeV; CSV: 0.919

MET 0, pt: 45.1 GeV.

Jet 2, pt: 48.4 GeV; CSV: 0.996

Muon 1, pt: 27.3 GeV Muon 0, pt: 161.8 GeV

Run: 209787
Event: 144100666
Date: 2012-09-05
Time: ©03:57:49 UTC




ATLAS Preliminary -4 Data 2012
[l Signal

event selection:
o B ~ BV, UV, ee, py, W
— 2 b-tagged jets (70% efficiency)
— split analysis in 0, 1, and
2-lepton categories

Events / 10 GeV

200 250 reconstruct mass using b-jets
use BDT regression (cM/M = 8-9%)

CMS Preliminary
{s= 7TeV, L=5.0 fb’
Vs= 8TeV,L=19.0 fb'
pp — VH; H— bb

backgrounds

— W/Z bb, W+jets, tt
maximize sensitivity

— s/b better for boosted Higgs boson
— split analysis in bins of p1(V)

— 15 categories (0,1,2 jets x prbins)
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ATLAS Preliminary —- Data 2012
[l Signal

* event selection:
o B ~ BV, UV, ee, py, W
— 2 b-tagged jets (70% efficiency)
— split analysis in 0, 1, and
Bwz.zz .
B WH 125GV 2-lepton categories

ZH 125GeV
-o- Data - Bkgd

Events / 10 GeV

ATLAS Preliminary

J Ldt=13.0 6", (s =8 TeV

Events/10 GeV

_[ Ldt=4.7 16", \s =7 TeV
0,1,2 lepton

reconstruct mass using b-jets
use BDT regression (cM/M = 8-9%)

i~}
S

CMS Preliminary
{s= 7TeV, L=5.0 fb’
Vs= 8TeV,L=19.0 fb'
pp — VH; H— bb

backgrounds
— WI/Z bb, WH+jets, tt
CMS Preliminary ¢ paa

fam TG LoSOW s on maximize sensitivity
S — s/b better for boosted Higgs boson
— split analysis in bins of p1(V)

— 15 categories (0,1,2 jets x prbins)
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VH—Dbb: results

95% C.L.: Fews Preiiminary |
L L B L L) B L A F N
; ATLAS Preliminary \s=7TeV, J. Ldt=4.7 fo" E Expected : 1 . 9 X OSM ]

[ —e— Observed (CLs)

Expected (CLs) 'S =8TeV: .I.Ldt - 130" é Obse rVEd . 1 . 8 X OSM

VH(bb), combined

Significance

95% C.L. limit on o/c,,

WW+WZ: {s=7TeV,L=5.0 fb"

4L js=8TeV,L=19.0fb" |
“:1.09 +0.22 VH(bb) + VBFH(bb) combined
@ mH = 125 GeV 107} 3
H=0/0sMm =-0.4 £0.8 L N
m,, [GeV]

Combined VH/VBF Signal Strength ()

L (s=7TeV,L=5016" T clmmmess | p-va lue: {5=7ToVL=50M" (5=8TeVL=1001"
- Vs=8TeV,L=19.0fb" wese Gby Expected Combined CMS Preliminary my =125 GeV

CL, Expected (VH on

VH(bb) + VBFH(bb) combined CL. Expected 1 E EX pected : 2 . 1 (0] 1w =1.00=0.49

j‘ CMS Plleliminary‘

[$))

CL Expected+ 20

N

Observed: 2.20

Z(vv)H(bb)
w=1.04x077

w
T T T

U=0/0sM = 0.97 £0.5 o
@ MH = 125 GeV w=082+0.97

N

95% Asymptotic CL Limit on c/cy,,

W(lv)H(bb)
nw=1.11+0.87

—_
T T

LRICERERNCERCINE  Combined with H->1t
significance 3.4 ¢

Best fit olog,,




ttH w/ H—-bb & H—yy

H—bb: shape analysis of NN output
B-tagging of jets, Kinematic of jets, M,,

H—yy: select leptonic and hadronic ttbar
events with btags and photons

CMS Preliminary, Vs =8 TeV

ttH Hadronic Channel ttH Leptonic Channel

® Data sidebands e Data sidebands

Entries / (1)

Control Sample Control Sample

[ JtH (125) F []tH(125)

7 8
Number of Jets

ls=8TeV,L=5.11b"
Dilepton + 2 jets + 2 b-tags CMS Preliminary Vs = 8TeV L = 19.6fb A
ttH(—y) hadronic channel — pata ttH(—77) leptonic channel —4 Data
—— Bkg Model . ’ —— Bkg Model
R R W
[z HEY []e2
[] txsmm, = 125 Gev [ ][] 1smm,=125Gev

Data/MC
Events / (1 GeV)
- N w > 3 =] ~ (-]
[TTRfR[ TTTT] T‘\‘\4‘\‘\‘W‘r\‘\‘\‘ﬁrﬁﬂTTT‘\‘\‘\“‘W‘W“‘W‘



ttH w/ H—-bb & H—yy

H—bb: shape analysis of NN output
B-tagging of jets, Kinematic of jets, M,,

H—yy: select leptonic and hadronic ttbar
events with btags and photons

CMS Preliminary, |s = 8 TeV
R R e AN AR LR

T T
ttH Hadronic Channel
® Data sidebands

Control Sample

[ JtH (125)

Vs=8TeV,L=5.11b"

Entries / (1)

Dilepton + 2 jets + 2 b-tags

Data/MC

Events / (1 GeV)

- N w » [3,] o ~ o
TTRigL 7T TTT [T T T [T TTTT [ TTTT[TTTT

CMS Preliminary,
LB B
ttH Leptonic Channel —

/s =8 TeV
R EREE

* Data sidebands

Control Sample i

[ Jur(125)

Number of b-Jets (Medium)

CMS Preliminary Vs = 8TeV L = 19.6fb 1

ttH, H — bb/yy CMS Preliminary Vs =7 TeV,L=5.0fb™; \s =8 TeV, L =5.1-19.6 fo”'

-
o

©

95% CL limit on o/ og,,

—e— Observed

Expected = 1o

Expected + 20

CMS Preliminary Vs = 8TeV L = 19.6fb '

E ttH(—yy) hadronic channel — pata

= —— Bkg Model
R

D +20

[] txsmm, = 125 Gev

£ ttH(—7Yy) leptonic channel

—4 Data

—— Bkg Model

W

e

[ |[] 1xsmm, = 125 Gev

95% C.L. Limit:
Expected: 3.1 xSM
Observed: 3.3 xXSM

Sensitivity to 1-2 XSM
within reach with full data
set/all channels!




Events / 2 GeV

Data / SM

£ ATLAS Preliminary Iﬁm

SM (stat)
Single Top [ W+jets

O s iaemre B S - Extremely low rate process
BR(H—pp)~2.2x104 @m,=125 GeV

two prompt muons

reconstruct mass using dimuons
mass resolution = 2%

240 260

m,, [GeV]

Background: fit using sidebands
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ATLAS Preliminary é Daia

OE Georeliaere’ B S « Extremely low rate process
BR(H—up)~2.2x10“* @m, =125 GeV

0 Wzzzw [ Z+ets
j

Events / 2 GeV

two prompt muons
reconstruct mass using dimuons
mass resolution = 2%

Data / SM

240 260
m,, [GeV]

Background: fit using sidebands

ATLAS Preliminary
Hop'
——Observed

DET% Expected J Ldt=207 fb”

D20 =8 Tev Results (ATLAS):
u>10 is excluded at 95% CL
(@mH=125 GeV)

95% CL Limiton u

120 125 130 135 140 145 150

m,, [GeV]
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Significance of the Excess

expected observed expected observed observed
H>ZZ 4.4 6.6 7.1 6.7
H-ovyy 4.1 7.4 4.2 3.2
H>oWW 3.7 3.8 5.6 3.9
H>T1T 1.6 1.1 2.6 2.9
H->bb 1.0 0 2.1 2.1
combined 7.3 10 stopped computing

CMS mH=125.7 GeV
ATLAS mH=124.3 GeV
Higgs-like signal ? beyond any doubt !!

Meenakshi Narain - July 2013



HIGGS PROPERTIES
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Mass measurement
« Combine H—-ZZ, H—yy events

4 —
= I ATLAS Preliminar y

F Vs=7TeV:[Ldt=46-4.8fb"
S 3.5 1s=8 TeV: [Ldt = 20.7 fb!

July November
2012 2012

by \

ATLAS: 125.5+0.2(stat)™-5_ (sys) GeV
CMS: 125.7 £ 0.3 (stat) = 0.3 (sys GeY

711\\\‘\\ll\lllJJJJJJ‘\ll\\llllllll\
122 123 124 125 126 127 128

CMS Preliminary {s=7TeV, L

|
IHoyy+H-—>2ZZ

New boson mass, GeV

O yy
<& 4y

O combination

PR B! P S S T B!
124 126 128
my (GeV)




Implications of the mass msm't

| The Higgs: Presentations/
so simple yet so unnatural discussions (Nobel

Symposium, May 12-17 Uppsala)

Guido Altarelli

A malicious choice! my = 125.6 + 0.4 GeV

MSSM at the weak scale
weak sc SM

_—tttNNnN -4y
Strumia

50 60 70 30 90 100 110 120 T 130 140

*G. Altarelli:




Consistency with SM Hypothesis

« Signal Strength: Maximum likelihood fit to data with signal rate
scaling factor (M) as free parameter.

Ratios of production cross sections for the various processes (ggF,
VBF,..) fixed to SM values.

[ [ l l | | ] ls=7TeV,L<51f" \s=8TeV,L=<19.6fb"
ATLAS Preliminary { My =125.5GeV Combined CMS Preliminary m, =125.7 GeV

: =0.80+ 0.14 -
W,ZH — bb : " Pgy = 0-65
\s=7TeV: [Ldt=4.7 b ;
Vs=8TeV: |Ldt= 13 0™
H— 11

\s=7TeV: [Ldt= 461"
\s=8TeV: [Ldt= 131"

H— WW" = viv

H— bb
u=1.15=0.62

H—1t

\s=7TeV: |Ldt=4.61b" ;
\s =8TeV: |Ldt=20.7 fb" v pw=110=+ 0.41

H— vy

\s=7TeV: |Ldt=4.8f" : H— VY
\s =8 TeV: |Ldt = 20.7 fo :
* u=0.77+0.27

H-zz" 5 4

\s=7TeV: |Ldt=461b" :
= . — -1 '
\s =8TeV: |Ldt=20.7 fo H—- WW

C bined 1.30 + 0.20 : u=0.68+ 0.20
ompine =1. * 0. H .
Vs=7TeV: |Ldt=4.6-48" H : Combined

\s=8TeV: |Ldt=13-20.7 b H— ZZ u=0.80+0.14
| | | | | l | u=0.92=0.28

10 + R U EREREEes
Signal strength (1) | Best fit o/oy,,

Signal strengths in fermionic decay modes have large uncertainties, but compatible with SM. 55




Gluon fusion vs vector boson fusion

Sensitivity to (ggF + ttH) and (VBF+VH) production
fractions, modulo branching ratio factors B/Bg,

CMSPrelmnary ls 7TVL 51t ys=8TeV,L<19.6b"
T T ‘ [

ATLAS Prellmlnary

\s=7TeV: [Ldt=46481f" _]
\s=8TeV: |Ldt=13-20.7f0" ]

—H->yy + Standard Model |
. —H-zZ" 54 X Bestfit
N —Howw S wiv —68% CL
; H- 1t --- 95% CL

0]
on
§=
o
>
o
@)
-
o
o))
o
an
—
@
~
S
=

Fermion Couplings




Evidence for production via VBF

» Fit for the ratio of pyge.yy/ Mggr«n fOr the individual
channels (model independent)

CMS Preliminary {s=7TeV,L<5.1fb' {s=8TeV,L<19.6fb"
T 1 1 ) Ll 1 1 1 T 1 w 1 T 17

C I ] 1 I
:“ggH’ Hqu’ Mo M

—_
o

— Observed

----Exp. for SM H ;

H TIIIIIIIIIIIIIIIITIIIITIIIIIIII llllll

ATLAS Preliminary 7
\s=7TeV: |Ldt=4.6-481fb" 1
{s=8TeV: |Ldt=13-20.71b"

my = 125.5 GeV
profiled K,

— combined
----SM expected

= N W A~ 00 O N 0 ©
TTT1T1]1 TT—T_\ 6 o I N

(=)
o TTTTTT

Mypr / Mggrsan= 1-4.05707 (stat) o, (syst) 206 significance for VBF
3.36 evidence for VBF production

Meenakshi Narain - July 2013



Higgs boson Couplings

Recast the event yields into “measurements” of couplings

8 independent parameters to describe all currently relevant
decays and production mechanisms:

loop induced)

YY(
loop induced)

99(

tt
ot (including H = "invisible”)

— Zy and pp still have too little sensitivity to affect anything in the combination

* introduce scaling factors k w.r.t. the SM Higgs couplings

Meenakshi Narain - July 2013




Couplings to fermions and bosons

« Assume one scale factor for fermion and vector couplings
Ky=Ky =K; & Kg=K =K, =K,

« Assume H—yy, gg—H and total width of the Higgs depends
only on k, and kg (asume no BSM physics)

CMS Preliminary \/5 7TeV,L<5.11" {s=8TeV,L=<19.6fb"

C ATLAS Prehmmary C ] - 0 SM nggs o Fermlophoblc o Bkg. only

B ; iiH —> Iviv
- \s= 7TeVJLdt 4.6-4.8 fb "‘"‘H — vy Dcomblned ]
- \s=8TeV,[Ldt=13-20.7 fb" + SM x Best Fit

ST H‘AIKX|II,X:
06 07 08 09 1 11 12 13 14 15 16

68% CL intervals:
€ [0.76, 1.18] ky € [1.05, 1.22]




Custodial symmetry: Ay, K-, Kp

» Custodial symmetry requires Ay, = k,/ky, = 1
— in SM, the ratio of couplings to W and Z bosons is almost not affected
by loop corrections

— Assume a common scaling factor k. for all fermionic couplings

— Observed

ATLAS Preliminary Do A - Exp.for SMH |-

Kzl
W2 FZ2™ 27
Is=7TeV,|Ldt=4.6-48%" — Opserved

s=8TeV,|Ldt=13-20.7 "  -- SM expected

.
’
’
’ :
4 H
4 B

)=

9

8

7

6

5
4
3

2
=

(=)
Sh

Data are consistent with the custodial symmetry




new physics in loops: k4, and k,

19.6 fb"

ATLAS Preliminary + SM
Is=7TeV,|Ldt=4.6-481" % Bestfit

{s =8 TeV, [Ldt = 13-20.7 ot — 68% CL
--- 95% CL

I
0.9 1 11 12 13 14 15 16 1.7 138
Ky

Test for contributions from other
particles contributing to loop-induced
processes

Assume nominal couplings for all SM
particles k;, = 1 and that the new
particles do not contribute to the
Higgs boson width

Introduce effective scale factors Kq
and K,

BR(BSM)=0
— Fit for: Kq and K,

Data are consistent
with (k,; k,)=(1; 1)




Spin/Parity: JP : 0t vs O

« Strategy is to falsify other hypotheses (JP=0-, 1%, 2+) and to demonstrate
consistency with JP=0+. J=1 strongly disfavored by observation of H—yy
(Landau-Yan theorem)




Spln/Parlty JP 0t vs O

SM Higgs boson: JP=0*

Strategy is to falsify other hypotheses (JP=0-, 1%, 2+) and to demonstrate

consistency with JP=0+. J=1 strongly disfavored by observation of H—yy
(Landau-Yan theorem).

H —- ZZ — 4]l channel : sensitive to 0* vs O-

Kinematic discriminant built to describe the kinematics of production and
decay of different JF state of a "Higgs"




Spin/Parity: JP : 0t vs O

Strategy is to falsify other hypotheses (JP=0-, 1%, 2+) and to demonstrate
consistency with JP=0+. J=1 strongly disfavored by observation of H—yy
(Landau-Yan theorem).

H —- ZZ — 4]l channel : sensitive to 0* vs O-

Kinematic discriminant built to describe the kinematics of production and
decay of different JF state of a "Higgs"

CMS preliminary  {s=7TeV,L=511" ys=8TeV,L=196fb"

R
i 07 vs 0" s ;

— CMS data

LANNLE L N L L L O O B B

. ATLAS Preliminary —Data

L H— ZZ( ) — 4] Signal hypothesis ]
[ Vs=7TeV: [Ldt=461b" (m =125 GeV)
F Vs=8TeV: [Ldt=20.7 fo' P _ 0+ 1
i ] —J5 =0

| BDT analysis _

] I
N R ~-Jh =0 =
v Y 1

Pseudoexperiments

CMS preliminary \S=7TeV,L=5.1f"\s=8TeV,L=1961"
FEFT T I T T T T T T T

L — 0, m =126 GeV
Fooe OP20, m, =126 GeV

F zzezy NN

] [ ,‘I R
- Hza z S A\
[ ] Al w'l"]_ - \

|

|

I

L e ] r oo
ata ] B i I

- : Fo

|

|

510 s i
log(L(H /L(H)) B0 20 10 10 20

-2 X In(LO_ /L)
- RUREl Exclude J'=0- (vs. 0%)
0013‘;03 040506 07 o:fogD1 W]th 97 . 8% CL

0




Spin/Parity JP : 0 vs 2
« H— WW and ZZ channel

Spin 2: consider graviton-like tensor, equivalent to a Kaluza-Klein
graviton

Production via gluon fusion and gq annihilation
test JP hypothesis as a function of the

gq annihilation fraction (fqq)
Combined WW and ZZ channel

CMS preliminary Vs=7TeV,L=5.116" ys=8TeV,L=19.6 5"

2ie0 Expected results with m=1

o o 77 WW Comb

1\ 6.8% 1.4% 0.2%
Observed results at measured m

77 WW Comb

1.4% 14% 0.6%
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Observation compatible with SM Higgs
expectations of 0. The current data cannot
exclude this particular model of spin-2




Spin/Parity JP : 0 vs 2
« H— WW and ZZ channel

Spin 2: consider graviton-like tensor, equivalent to a Kaluza-Klein
graviton

Production via gluon fusion and gq annihilation
test JP hypothesis as a function of the
gq annihilation fraction (fqq)

Comblned WW al’ld ZZ Channel CMS Expected Vs=8TeV,L=19.6fb’

CMS preliminary Vs=7TeV,L=5.11b" (s=8TeV,L=19.6ft"
p! y N v > a—
+ 1o expected

260 Expected results with m=1 : it e
o o 77 WW Comb = Otserved
1\ 6.8% 1.4% 0.2%
Observed results at measured m
77 WW Comb
1.4% 14% 0.6%

>
=
(2]
c
()
©
>
=
o]
©
o)
[e)
S
o

10 20 30 40 50 60 70 80 90 100
f (%)

Use yy events to distinguish
07/27 (gg). Present yy data

Observation Compatible with SM nggs does not have the power for
expectations of 0. The current data cannot a significant hypothesis test
exclude this particular model of spin-2




Spin/Parity JP : 0t vs 2%

e H— WW and ZZ channel

Spin 2: consider graviton-like tensor, equivalent to a Kaluza-Klein
graviton

Production via gluon fusion and gq annihilation

test JP hypothesis as a function of the
gq annihilation fraction (qu)

ATLAS

Ho vy ¢ Data
\s=8TeV [Ldt=20.7 b’

o H— ZZ* — 4l
e J' =0'Data . \s=7TeV [Ldt=461"

Bkg. syst. uncertainty - \s=8TeV [Ldt=20.7 fb"

v CL, expected
assuming J"P =0
NERE

H - WW* — evuv/uvev
\s=8TeV [Ldt=207 b’

|cos 6

H—Z7—4]l, H-WW—lvlyv, and H—vy.
Exclude JP=2"_ (vs. 0%) w/ >99.9% CL




Spin-parity (J7)

CL; values for testing J¢* state hypotheses vs SM-like Higgs boson (0*,)

CL, <0.05
CL, < 0.01

CMS ATLAS

ZZ WW ZZ+\WWW YY 7 WW comb

0.022

excluded excluded 0.017 0.0027

1+ excluded excluded 0.08 0.0003

gg > 2+m <0.006 0.14 0.006 0.007
qq > 2+m 0.12
gg > 2

0.05 0.0004
0.0004 <0.0001

Example: 2

f'
¢

m < K ~
Spin-0 Lagrangian L=X|k—2Z,7" + —fF w4+ Sy

p U
: : v 20 2v
(lowest dimension




Some issues to consider...

Is this the only Higgs Boson?
Is this Higgs elementary or composite?
what else is out there?
models: SUSY, technicolor, Little Higgs?
other new particles?




s it the only Higgs boson?

» the SM Higgs boson is the minimal solution

 there could be more than one Higgs field
— more than one physical Higgs particle
— often one of them is similar to the SM Higgs boson

 two different approaches:

— look for deviations of Higgs properties from SM
predictions

* requires precision measurements, lots of data

— discover the other types of Higgs particles
* maybe heavy and couple weakly to SM particles

Meenakshi Narain - July 2013




other implications




measure properties precisely

* Higgs couplings are predicted by SM
NWW ~ gM,,

nZZ ~ gM,/cos(dy)

nff ~ gmdJ/2M,,

* must have exactly these values in order to
regularize WW scattering.

* A topic which requires a tremendous amount
of careful analysis and a large dataset!

— program extends over the next decade.

Meenakshi Narain - July 2013




measure properties precisely

« Higgs couplings with 300 fb-' @14 TeV

=2015 onwards

 Higgs couplings with 3000 fb-' at HL-LHC

=2020 onwards

VIS Projection (Prelim.

Higgs boson couplings

3000 fb-!
(2-10)%

I I | I I I I | I I I I | I I | I
Expected uncertainties on F— 3000 fb" at fs=14 TeV Scenario 1
— 3000 fb"at fs= 14 TeV Scenario 2

| | | | | |
0.10
expected uncertainty

« (Goal: ultimate precision of ~5% or better

* observe H—upu with significance of 5 sigma
— Measure k, to =10%.

| I 1 1
0.15

[2-5]%
[2-3]%
3,5]%
[4,7]%

[7,10]%
2,5]%




measure properties precisely
* Higgs self couplings

H

/

/
H—=~

“H

u’

» Search for Higgs pair production

e cross section rather low and needs HL-LHC
for a measurement at the level of 30%.

Meenakshi Narain - July 2013




Higgs factories: near and far future

e The fun 1s just beginning!
 LHC as a Higgs factory:

— premium in increasing \s close to 14 TeV
— High-Luminosity LHC with a factor of 200 more data

* Good prospects for precision measurements, discovering

additional Higgs, and other new particles needed
* Future plans beyond the LHC:

Higgs Factory proposals include
— Linear Collider start @ 250 GeV
— LEP3: ete- ring in the LHC tunnel @240 GeV

— TLEP: a new 80 km ring @350 GeV

Meenakshi Narain - July 2013




conclusion

* this discovery has changed particle physics

* It has taught us something new: the Higgs
mechanism appears to be the correct theory

« Based on the analysis of the full 7 and 8 TeV
datasets, the discovered particle appears
consistent (within the current precision) with the
SM Higgs boson:

— CP-even scalar
— Couplings proportional to mass

 Precision is still imited and there is room for
surprises

— deviations in couplings, non-standard production/
decay modes, additional Higgs bosons,...




conclusion

* it has given us a signal to scrutinize for hints of
what the physics beyond the SM could be

* We are just at the beginning of a 20-year
program!

* EXxciting times ahead!

IS it the missing piece that
completes the puzzle or is it a
connecting piece to a whole
new part of the puzzle?




thanks to
LHC CMS and ATLAS collaborators for the spectacular results

. .\\_\ -

~

for allowrng me to borrow generoUsly from your presentatlons and notes
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References
e CMS and ATLAS notes

* https://twiki.cern.ch/twiki/bin/view/CMSPublic/
PhysicsResultsHIG
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s it the (minimal SM) Higgs?

Bl 68% and 95% CL fit contours
w/o M,, and m, measurements

68% and 95% CL fit contours
w/o M, m, and M, measurements

M,, world average + 1

L1
€] fitter[ouf?
SM fit w/o M, measurement

ATLAS measurement [arXiv:1207.7214]
-l- CMS measurement [arXiv:1207.7235]

from dfitter.desy.de Meenakshi Narain - Sl 20 o a2 10 10

M, [GeV]




Higgs Properties from H—yy

CMS-PAS-HIG-13-016

Upper limit on the Higgs width
*Dominated by experimental resolution
*Breit-Wigner + Gaussian fit
*Observed (exp) upper limit = 6.9 (5.9) GeV 95% CL

Additional Higgs-like states:
*Take SM 125 GeV as part of the background
*Search for additional Higgses
*Largest excess: 136.5 GeV with 2.96(<2 after LEE)

Search for near mass degenerate states

Vs=7TeV L=5.1fb"

.TWO Slgnals Wlth 5 CMS Preliminary {5=8TeV L=19.6fb"

relative strength x

mass difference Am

*Perform a 2D scan

*No signal at 95% CL
for Am> 4 GeV

CMS Preliminary

CMS Preliminary
Vs=7TeV L=5.1 fb!
Vs=8TeV L=19.6 ft"

Vs=7TeV L=5.1fb"
Vs=8TeV L=19.6fb"

== 7+8 TeV observed

--=7+8 TeV expected

8 10
Higgs Decay Width (GeV)

910 115 120 125 130 135 140 145 150

CMS Preliminary

m, (GeV)

Vs=7TeV L=5.1fb"
Vs=8TeV L=19.6fb"




When word spread in early July that scientists at CERN
had discovered the Higgs Boson, many Americans we’re
left scratching their heads, asking, what 1s 1t? ...

It’s simultaneously the most profound and most
perplexing discovery of the year. ..
[Abby Haglage Dec 19, 2012]
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H->bb: MVA shape analysis

« Use shape analysis with MVA discriminator with input
variables: jet kinematic variables, b-tag variables, ...

 Also split according to MVAs trained to select different bkg
« Cout simultaneous fit to all channels

Z->vv, low pPP Z->vv, medium p°P Z->vv, high p"P

CMS Preliminary I CMS Preliminary g CMS Preliminary
s= 8TeV,L=19.0 fb’ ‘ 1Rd \s= 8TeV,L=19.0 fb' | W 1R {s= 8TeV,L=19.0fb'
Z(vv)H(bb) == =~ Z(vv)H(bb) =P o = Z(vv)H(bb)

i 12+ C 12+ =

.0l @y&bs,;ﬁ? ”Q’ o-.?4+..:9 o e W"‘i’ X #f.’xoﬂ‘-'?f ‘»f‘!»m’ .- b ety
. : + - s ‘

4 sub-regions are enriched in: tt V+jetsVV VH
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CMS Experiment at the LHC, CERN
Data recorded: 2012-May-27 23:35:47. 2 30 GMT
Run/Event: 195099 / 137440354

~77 4N a candldate
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H—>ZZ—>4I: a candidate

—7]  GAILAS
it EXPERIMENT
hitp://atlas.ch

Tl cm——

Run: 204769
Event: 71902630
Date: 2912-06-10
Time: 13:24:31 CEST
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H — yy: exclusive channels

« Add exclusive categories to address specific production processes:
— VBF: dijet selection (dijet BDT)

VBF candidate

M, = 121.9 GeV
M;;= 1460 GeV

OMS Experiment at LHC, CERN

Data recorded: Mon Sep 26 20:18:07 2011 CEST
Run/Event: 177201 / 625786854

LLumisection: 450

— VH: lepton and MET tag to address W->lv, Z->Il and Z->vv decays
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H—ZZ—4l| : results

 Significance Signal Strength (u)
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H—yy: results

 Significance Signal Strength (u)

0_10 """"""""""""""""""""" p_value: E|\||E||||||\||\||||||||||||E
2 qot— gfsgg:g i ((g:ttgggm ATLAS Preliminary | n, | H——t—t 4 —Total 4
o [ — - " L H u
§ 10— Gheenved ) ok Homy = Expected : 4.10 . —sta. |
1= - C : —S ]
. E : yst. ]
porlm— o\ Observed: 7.40 Wy F o H———H o -
10-4:—\\\\___ e — 4o E— —E
10° ; Data 20j1, \s=7 Te)/ ;50 E_ det =48fb" Vs=7TeV _E
102 O P Ll:O'/O'SM =1.57 +£0.22 Hooans | 5 [Ldt =207 ", 15 =8 TeV ]
107 Daa 2012, 15-=8TeV e iy
o2 Ldt=207f" 70 u 2 bt 2011-2012 3
10147...‘\"..|....J....|....J....|‘H.|.Hf ; i | | mHT1268G|eV ;
110 115 120 125 130 135 140 145 150 @ mH = 1268 GeV 5 : L L : + :
my [GeV] Signal strength
o 1
> ]
‘_U k MET | —+—Jll—— CMS preliminary .,
Z_-l 0 1 : p—va I u e : Electron - B ﬁ:::x :f;:b'(mc:\)
— ; Muon B > - Evem_class
2 e . i | Expected:  4.20 e C I B
J10°F P Dijettiht|  (m : au=070:0289
F K ] —
: N | Observed: 3.20 -
103 . ! —,3 Untagged 2 -
g ”," g Untagged 1| [ B
:'*.’ S L ’," i +0. 28 Untagged 0 B -,
10 3 *..\ e - — H:YY obs. 3 u O/OSM O 78 0.26 DHet| > i
E R —*{-=- Exp.for SMH | Untagged 3| Iq—, N ol
r R — ] Untagged 2 —H-
5| e\ =7 ToV | _ B
10 E  CMS preliminary (MVA) |.....\s=8 Tev E @ MH = 125 GeV Untagged 1 N~ —m
¥I 111 ‘ L1 1l ‘ L1 11 ‘ | | ] T v |7 U do [
110 115 120 125 130 135 140 145 150 (i SV S Sare. . S R

10 5 0 5 10
m, (GeV) Meenakshi Narain - July 2013 Best Fit o/og,




Search for invisible Higgs boson decays

Some extensions of the Standard Model allow a Higgs boson to decay to stable or
long-lived particles

» Search for excess in ZH associated production

ATLAS-CONF-2013-011
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-- Signal (SM ZH, m =125 GeV)
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Assuming the ZH production rate for
my = 125 GeV:

Meenakshi Narain - July 2013




The Decay H — ZZ — 4
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VBF H—bb: results

Events / 2.5 GeV
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