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Lagrangian in the GWS Model
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What Happens in Hadron Collisions

<+ Underlying Event
» Initial/Final state radiation
» Beam remnant

<+ Multiple Interactions

» #events/unit time = o x L

events/bunch = o x £ x bunch space
= ~30 @oE33 50ns bunch space
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What Happens in Hadron Collisions

<+ Underlying By ~ -

» Inrtial/Final

» Beam remn
<+ Multiple Inter
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Peak interactions per crossing
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ATLAS
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Local p-value
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Channel by Channel
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ATLAS Combination
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CMS Combination
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2011 vs 2012
ATLAS
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ATLAS CMS
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CMS,

Mass Resolution
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Using prompt reconstruction, with quasi-online calibration constants for 8 TeV data

S.Ganjour

Search for the SM Higgs Boson at CMS



1/N dN/dm,, /0.5 GeV

ATLAS Mass Resolution
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Energy Calibration
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H—y r p-value
ATLAS CMS
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Interpretation Requires LEE
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- Expected from L - 5 R S :
10-4_E SM nggs at Data 2012, f=8TerLdt=5.9 fb —= - : : : 3
5 =1 given m, B S e 3 103 | o= Observed (Asymptotic) 490
10 %_ ) % §’\% ori J%E::e:o:mzonh croy scal ainm? § ----- 1x SM Higgs Expected (Asimov)
6 iggse dpogmz( i l Vo B : : : )
10 E O 8";' —)(},p 2012? p';l gy cale uncertainty) EE 10-4 S S SR (Al A 7 TeV Observed (Asymptot|c)
D 1 orevomanssnmpne 140
105 Lo b v v b v e b e b b e b
m, [GeV] 110 115 120 125 130 135 140 145 150

m,, (GeV)

for 126.5 or 125 GeV ATLAS CMS

expected from SM 240

observed local p-value 450 410

global p-value (110-150GeV) 3.60 3.20
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H—7r r Signal Strength

ATLAS
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Event Selection for H—ZZ

* ATLAS

Q Tiny rate, BUT:

-- mass can be fully reconstructed - events should cluster in a (narrow) peak

-- pure: S/B ~ 1
d 4 leptons: p1234>20,15,10,7-6 (e-p) GeV; 50 < m;, < 106 GeV:; ms, > 17.5-50 GeV (vs my)
0 Main backgrounds:

-- ZZ® : irreducible

-- low-mass region m,, < 2m,: Zbb, Z+jets, tt with two leptons from b-jets or g-jets > |
- Suppressed with isolation and impact parameter cuts on two softest leptons

+ CMS

pt of the 4 leptons

» pr>20,10,5-7 (GeV) %) & mEmd g
} 40<M T 2< -I 20 Gev 0.04 ﬁ k_pT2 1After the selection - _g
4 4<M34< ] ZO Gev 005 — 0 40 808500
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BG Studies by ATLAS

Peak at m(41) ~ 90 GeV from
single-resonant Z-> 4l production

Measured o (ZZ)=9.3+12pb

SM (NLO) 0 (ZZ) = 7.4+ 0.4 pb

e}
. Z
Enhanced by relaxing cuts on N
o}
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> 40 imi -
ATLAS Preliminary * Data
O . Wzz :
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g 30 ls=8TeV: [Ldt=581" K
o
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Bac
" Irreducible background ZZ - 4|

(ground models

CI\'ﬂS f’rellimi'narly 2?12' —————— '\E '= 7 'TeV 3 20 _CMS Pr'eliminarly 2012 i i i | i . \I'E =7 Te\ll
e simuaton (POWHEG+Pythial ) ] I - . jigm:l;tzio: (22(23522)
= Estimated using simulation ool o 1 i
= Phenomenological shape models o \ qq > ZZ>4l] of gqg > ZZ > 4k
= Corrected for data/simulation scale ° ./ 1 s .

e L | L L L | I n
500 6( 200 400 600
m,, [GeV] m,, [GeV]

= Reducible backgrounds estimated from data

M R SRR
900 200 300 400

= Extrapolation from control samples enriched with misidentified leptons

m . ~50Y%
Total uncertainty ~50% Validation in data

July 4 2012 The Status of the Higgs Search J. Incandela for the CMS COLLABORATION

CMS Preliminary Vs=7TeV,L=5.05fb" CMS Preliminary Vs=7TeV,L=5.05%b"
> 250 RN RN AN RARRERRRES > R S s R R R RS RS RS LAY
[0) B . i D - ]
0] - 4| 2P+2F Region (PFC) - O] 5: 4| Signal Region (WFC) N
© 200/~ [ 122,27 . =) n . . o E
- [ — ] - - [ ] irreducible (sim.): 2.6 ]
2 i C ] 2 ar [ reducible (data): 11.3 E
o 150 _ — ) N ]
AT - [ z+bb i AT Na o observed: 12 -

¥ [ Z+jets § - .

100 e Observed events - - wrong flavors:
Landau fit i 20t 7t & Ch arg es_:
>0 control sample 7 1 4 44 =
L u | ..|..._|....|....|u..:

900 150 200 250 300 350 400 450 500 550 600 00 150 200 250 300 350 400 450 500 550 600
m,, [GeV] m,, [GeV]
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Mass resolution

0.04— fraction outside = 20: 19%

fraction outside + 20: 22% | fraction outside = 26: 20%

.02

!

with Z mass constraint ¢¢

0.02 .02

¢
by
with Z mass constraint with Z mass constraint :

L ).01

HH—>ZZ*—>4U | | H—-ZZ*—2e2u/2u2e 'ﬂH—>ZZ*—>4e
>0'12_'III|IIII|III7IIIIIII IIIIIIIIIII = 0.1—l|||||||||||||||||7|||||||||||||||]— _|||||||||||||||7||||||||||||||
o i Prelimi ] - . 1 .08 .

O] i A_TLAS_ reliminary ] - ATLAS Preliminary 1 "~ F ATLAS Preliminary
o 0.1~ Simulation S - Simulation 1 .07F Simulation
= - ® my=130GeV ] 08 ® m, =130 GeV | - & m,=130GeV
- B Gaussian fit N Gaussian fit | .06 Gaussian fit
< 0.08f i i -
[ HeZZ'—4u (1s=8TeV) 1 06| hozzrs2e2u (15 =8 TeV) 1 09F hezzise (i5=8Tev)
0.06 ] 1 04:_
[ m=(129.72+ 0.03) GeV i m = (129.16 = 0.04) GeV 1 Y7L m=(128.35 + 0.07) GeV
- |0=(1.78£0.03) GeV 1 04 5=(202:004) Gev 73l o= (246=0.06) Gev

a0 oo S etiinp ettt
80""80 100 110 120 130 140 150 80 80 700 110 120 130 140 150 80 00 700 110 120 130 140 150

m,, [GeV] my [GeV] my, [GeV]

Typical search for narrow peak on top of smooth background
— Resolution crucial for sensitivity!
— Final states separated in 4y, 2u2e, 2e2u, 4e
ATLAS detector provides excellent resolution!
— Relative resolution of 1.6 - 2.1% for myp=130 GeV
Further improved by using mz constrained fit

— Relative resolution of 1.3 - 1.9% for mp=130 GeV

K. Nikolopoulos Search for the SM H—ZZ®—41 with ATLAS ~ July 7%, 2012 BIRMINGHAM

45



Events/5 GeV
W w
o (¢)]

N
()

ATLAS H—=ZZ

— * Data
C [ Background ZZ

B Background Z+jets, tt
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Data
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Allbackgrounds | 3.8575%f | 6581080 | 946713 | 19.8877¢:
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H—// p-value
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MELA

CMS Angular Analysis

* Decay kinematic fully described by 5 angles and 2 masses

* discriminates spin 0 particle from background

« analogous of Ad in H = WW analysis MELA = P"“ (m1, M2, 61,0, 2, 0%, B1lma)
P (ml ma. 0,05, . 0%, <I)1|mu)
 MELA: matrix element likelihood analysis
CMS Preliminary 2012 15=7 TeV, L=5.0510" ys=8 TeV,L=526"
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July 41 2012 The Status of the Higgs Search J. Incandela for the CMS COLLABORATION
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CMS H—=WW
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+ Observation very similar to signal injection
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<+ Two Isolated leptons with pt > 25, 15 GeV

ATLAS H—>WW

<+ Jet pt > 2b GeV
+ No 2 jet bin
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ATLAS H—>WW
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Overview H—bb
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Overview H—=> T T

VBF Process

Gluon Fusion Process
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< ATLAS
» 5.00 excess at Mx ~ 126.5 GeV
® Expected significance from SM : 4.6 0

% CMS
» 490 excess

® Expected significance from SM : 590
» Mx = 125.3 = 0.6 GeV
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Local P-Value

20114 ATLAS Local p-value

\/—_ Local significance
A A N of excess : 3.60
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Confidence Level

PN | s+b)

«{— more discrepant =—— N events

Cls+b = P( N < Nobs ‘ S+b )

* Cls+b < 5% 72 595%CLTEH]
 Cls+b(t) = P(N < Nobs | us+b ) = 5%
EIRBUuZEIBSUCLTEALE, EES
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95% CL Limit on o/cy,,
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| ook Elsewhere Effect
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Local P-Value

20114 ATLAS Global Significance
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