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Higgs Boson Production at LHC
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Gluon fusion : Dominant production
mechanism

Vector Boson Fusion : Contributes ~10%
Associated Production : Contributes ~1%
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RHiggs Boson Decays

Higgs Branching Ratios 95% CL expected upper limits in various channels
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Sensitivity driven by H—=ZZ for m(H) > 200 GeV
Sensitivity driven by H=WW for 130 GeV < m(H) < 200 GeV

Sensitivity for m(H) < 130 GeV dominated by H—YY; crucial contribution from
H—=ZZ & H2WW
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' Looking For A Needle In A Hay Stack

Backgrounds a few orders of magnitude larger than signal !
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An Additional Nuisance : Pileup
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number of vertices
|0 avg. pileup interactions in 201 |

Expect twice as many in 201[2

P|Ieup interactions spew more energy in the event
Pileup affects lepton isolation, |ets,
Missing Et resolution- all key observables
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CMS H—ZZ WW Searches In 201 |

Channel Mass Range (GeV) Da(t}i_tf;ed Document
H—o WW > f?\/f?\/ ) . arxiv:1202-1489
110-600 46 Published in PLB

WH —- WWW — /viviv | 15-200 4.6 HIG-11-034
| T ] arxiv:1202-1997
H! ZZ! 4l | 10-600 4.7 Published in PRL
| | ] arxiv:1202-3478
H! ZZ! 1l 250-600 4.6 Published in |HEP
| Lo ) ) arxiv:1202-1416
H! ZZ! 1lqqg 135-165/200-600 4.6 Published in JHEP
190-600 47 Published in JHEP
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\CMS :

"
a

H— WW — lvlv:The Workhorse

® Sensitive to a wide Higgs mass range

® No Higgs mass peak : undetected
neutrinos

% Makes the analysis challenging

* Need good control over backgrounds

® H-—WW Event Signature

% Two opposite sign prompt, isolated
leptons

* Significant MET from escaping neutrinos

* Small Ac(ll) : Higgs scalarity
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H! Ww! 171"

Backgrounds

® WHjets:

® One prompt isolated lepton + | jet faking a lepton

® DrellYan:
® Two prompt isolated leptons
® BUT not large MET in the event
® Jop:
® Two prompt isolated leptons + large MET
® BUT also one or more b-jets in the event
o WW:

® Quite similar to signal - hence ‘irreducible’
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|E+06
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Cross-section x Branching Ratio (fb)
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A T Tbar Event

Kill by vetoing events with b-jets
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A Drell Yan Event
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H— WW — I 'vlv Background Reduction

Cross-section x Branching Ratio (fb)

® Lepton pr > I5 GeV with tight ID/isolation |E+08

® To kill the QCD,W+jets background |E+07
® Llarge MET, veto Z mass window in ee/J events |E+06:"

® To kill the Drell-Yan background |E+05§

. . | E+04:
® Veto events with b-jets, soft muons from b-decays ‘

|E+03

® To kill the top background

|E+02
WW  Higgs|60

WW-level Selection

\ 4

® What remains is largely WWV background
® Similar in topology to the H—=>WWV signal

¥ Similar but not quite the same
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WW Background

CMS Experiment at LHC,CERN
Data recorded: Mon Aug 2 05:02:51 2010 CEST
Run/Event: 142132/92434735

.

A

Large A separation between the leptons
Not likely Higgs candidate
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'Key Distributions after WW selection

A(ll) Distributions m(ll) Distributions
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Higgs signal typically has small values of A(ll) and m(ll) compared to background
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iGs, o |
Z HT WW! 1"1" Analysis Strategy

® Analysis performed in O, |, 2 jet bins to maximize sensitivity
® Background composition differs in the various jet bins
® VBF signature of the signal can be exploited in the 2-jet bin
® Analysis performed in two ways
® Cut-and-count approach :
® Apply cuts on key discriminating variables : lepton pt, m(ll), A@(ll), mT
® Multi-variate approach :
® Exploit correlations between the discriminating variables
® Use the shape of the MVA discriminator to extract signal

® MVA analysis ~20% more sensitive than cut-based analysis
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H! WW! 1"1'" Cut Evolution
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Good agreement between data and background prediction
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H

I WW! 1"1":Cut-based Limits
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Expected 95% CL limit : 129 GeV <mH < 236 GeV
Observed 95% CL limit : 132 GeV < mH < 238 GeV
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H!I' WW! 1"1":MVA Results

BDT Classifier in 0-jet bin and
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‘CMS ; H! ZZ! 4! :The Golden Channel

"
a

4 muon event

® C(leanest of all Higgs channels, high S/B
® 4 prompt,isolated leptons (4e, 4H, 2e2 )

® Full mass reconstruction with high
resolution ~|%

® Sensitive over a wide mass range

® BUT there are challenges

® small 0 x BR :only 0.4% of all H—=ZZ
events

® Need high lepton reconstruction, selection
efficiency (€) : overall efficiency ~ €*
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H — 77 — 4/ : Signal Efficiency

H—ZZ*—4l, wrt 4] generated in the acceptance
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iGs
Z H — 7Z7Z — 4/ : Backgrounds

® Reducible backgrounds
® ttbar—2I2v2b, Z+bb/cc, Z+light jets

® Two prompt isolated leptons + two misidentified leptons (mostly b-
decays)

® Suppressed using isolation, impact parameter significance cuts on all
leptons

® Estimated from data using a control sample of Z+ two same flavor,
same sign leptons

® Irreducible background - Non-resonant ZZ continuum
® Very similar to the signal - just no mass peak

® Derived from simulation due to low yield in data

20
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CMS . . .
H— 77 — 4! : Kinematic Selection

da
. —_ -1
® Require an on-shell Z candidate (Z)) > 1810MS S e o o ,\?TZTIGY I]'"47 f,bl
o , |
e 50 GeV<m(Z)< 120 GeV O 16 — =
, = 145 B z+X N
® |Lepton pT > 20, 10 GeV (driven by P s ] zz .
trigger thresholds) § 12:_ T :
® Require a second Z candidate (Z,), relaxed L 10} —my=200 GoV -
mass, lepton pt requirements 8 2 sl S B
® |2GeV<m(Zy) < 120 GeV N =
® |Lepton pT > 7(5) GeV for e(|) 4 —
2f =
Event Yields 0 :
Channel 7o n 211 100 200 300 400 500 600
ZZ background | 12.27% 1.16 | 19.11* 1.75| 30.25% 2.78 Mae [GeV]
Z+X 1.67+ 0.55 | 1.13+ 0.55 | 2.71+ 0.96
All background | 13.94+ 1.28 | 20.24+ 1.83 | 32.96+ 2.94
my = 120 GeV 0.25 0.62 0.68 100 GeV < m(4l) < 600 GeV
My = 140Gev | 1.32 248 337 Expected BkgYield : 67.1 + 6.0
my = e . . . .
Ogserved 12 23 37 ObservedYield : 72
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H! 77

4/: Low Mass Zoom

100 GeV < m(4l) < 160 GeV
Expected BkgYield : 9.5 +1.3
Observed Yield : |3
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H! ZZ! 4! Results

p! value=Prob (N" Ny |background) Exclusion Limits on Y4 = O/ Osm
o 1 CMS : \S=?TeV L=47 fo-1 CMS ' ' \s:'/"TeV L='4.7 fb1
o —
2 110}
= 101 E Fj i
8 | !
=S L
| | 2
10'25 ............................. .................. ; ............... (—.):
_____________________________ AUDIOE fers, s v N J
10-3F :' : " .................. . .............. III
- ==w/0 m4.uncertainties N
= with ms uncertainties t
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Excesses at | |9 and 320 GeV Standard Model Higgs boson excluded in
Not significant after accounting for the Look the mass ranges :
Elsewhere Effect [134, 158],[180, 305], [340, 465] GeV
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H— ZZ — 4! Results : Low Mass Zoom

p-values Exclusion Limits
CMS \s=7TeV L=4.7 fb CMS \s=7TeV L=4.7 fb!
@ 1 : : ; 10 ' | ! ¥ T I Y Y Y
=, ' - ‘ 3
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| |== with m4, uncertainties : : }
...................................... v : 1 ‘ : . 1 . . :
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My [GeV/c?] mH [GeV]

Largest excess at | 19 GeV
Local significance : 2.5 G
Global significance : |.6 T in the range 100-160 GeV

24

Friday, April 27, 12



H! Zz! 272" :High Mass Search

® Sensitive to high mass Higgs (> 250 GeV)

uon, pt: 205.6 GeV

Z, pt: 282.2 GeV
mass: 88.7 GeV

® No Higgs mass peak due to undetected neutrinos

® Event signature : Two prompt, isolated leptons from an on-

shell Z boson and large MET X
> _
A T
o Bac I(g ro u n d S : B W transverse mass: 599.6 GeV.

d: Thu'Apr.28 23:14:53 2011 CEST
63659 / 21497971
128

® /+ets largest background: Suppressed by MET cut
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® TTbar,WW :Reduced by the Z mass cut; top
suppressed with b-jet, soft U veto

T T Ty

® WLZ :Suppressed by third lepton veto
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H! ZZ! 212" : Results

> - ]' T T 1 T I T T 7 T T T U 4

&3 25-CMS\s= 7TeV,L=46fb -

. - —— Higgs (m N=300 GeV) -

® Analysis Strategy = e ]
; 20 : — Top/WW il

I= = N wz '

® Transverse mass used as the final s | = ]

d. . . L 15+ ~—e— Data ]
iscriminant ; i

! " # i 1
MZ= pr(™)?+ M(™)P+  EPSST+ M(™)? L (or(m)+ Ef'se)? " %f ‘H’ |

® Cut-based and Mt shape analyses

° i Aation: 260 280 300 320 340
Background Estimation: M. (GeV)
. . . . < VT SR MR R 1
® Ztjets estimated from Y+jets eventsindata & | CMSNs=7TeV,L=461b :
) ) E - e Expected m%dlan) .
® Top/WW estimated from el events indata & = Expected (96%) “
= — Observed
o WZ,ZZ backgrounds from simulation L:',) i
X1 =
(9]
D
Expected Exclusion : 290-490 GeV -
Observed Exclu5|on 270 440 GeV )
| 1 1
250 300 350 400 450 500 550 _ 600
26 Higgs mass, m, (GeV)
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The Grand Combination

o~ T L L L e O B B B B B B e e e e e e S e

o 10E CMS Preliminary, \'s = 7 TeV —s=— Observed ]
E - L=4.6-4.8 b === Expected (68%) N
g - | == Expected (95%) i
= i
—
O b
SN -
Lf) L
CS) |

10-1 __ | | | | | | | I I | [ | | | [ I_

100 200 300 400 500 600
Higgs boson mass (GeV)
Expected Exclusion at 95% CL : [ 14.5 - 543 GeV

Observed Exclusion at 95% CL : 127.5 - 600 GeV
27
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Exclusion Limits : Per Channel

2 : | | | I. I. | L1 I I .I I T T T T
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= — H" WW (4.6 fb?)
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Higgs boson mass (GeV)
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Observed Excesses
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Higgs Hunt In 2012

Integrated Lumi 50 (pb-1)

® 2012 could be a defining year for Higgs . .
physics 10000 Lo I N .4 o

12000.0 === === (- gl Fommmmmmmmmooe- -

® | ow mass region | 14-127 GeV in focus .. ExpectleBllexperime

¢h 2012 -at s=8 TeV

® Expect LHC to deliver ~15 fb-1 of B 0P N N R SR
integrated luminosity at 8 TeV 0000 | . S
® |0-20% gain in sensitivity going from 00 4 + + + i + + +
® Expect conclusive evidence on the 8 T CMS Preliminary [ ™ soees
e -
existence or absence of the Standard £ - S som
i 20— —
Model Higgs boson 5 -3 b
- © [ S A |
-3
® Both H=ZZ and H=WW expected to B X
make important contributions - &
10—
°F ' 5! line
] T A L A T R R P

I T 1 1 1 ] ] Ll
30 900 110 120 130 140 150 160 170 180 190 200
Higgs Mass (GeV/c?)
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H—=WWV : Targeting 2012

® Low mass Higgs is a challenging search region

® Signal leptons have low pr : difficult to keep
high signal efficiency and control background

® W+jets background increases - probability
of a jet faking a lepton is higher at low pt

® Pileup : Expect more than 20 pileup interactions
per bunch crossing

® Degradation in MET performance - more
Drell Yan background

® Adverse impact on VBF jet tagging

® Adverse impact on lepton isolation

31

95% CL limiton! /! ,,

How will a Higgs excess

[HEN
o

(6)

look like?

| T | T T T T
CMS prellmlnary ----- median expected
~ H" WW (cut based) n
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----------- D —
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Higgs mass [GeV]

Excess diffused over a wide mass range
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H—ZZ : Targeting 2012

® H—ZZ—4lis a high resolution channel and will
be sensitive to a low mass Higgs signal

® Low mass Higgs presents a challenging phase
space

® Signal efficiency falls sharply with the Higss mass
® So does the sensitivity

® Need to keep lepton pt as low as possible to
catch signal

® At the same time need to keep the Z+jets
background under control

32
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Thank You
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WH-=>WWW = 313V Analysis

® Higgs search in the associated production mode
® |ow signal production cross-section
® Useful probe of fermiophobic Higgs scenario
® Cut and count analysis
® Higgs mass independent selection
® Require 3 leptons in the event
® large MET
® Veto events with a Z resonance

® Veto events with b-jets, soft muons from b-
jets

® Cuts on AR(Il), m(Il)
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H—ZZ—2l2q

=
. )
® Highest 0xBR of all H—=ZZ modes ©
bm
® Analysis performed in 0,1,2 b-jet categories
® Higgs mass fully reconstructed
® Likelihood discriminant from angular variables
used to separate out the large Z+jets background
CMS,L=46f"at \s=7TeV
S 50001 ) . Data E
= ! [ Z4jets ] 2
£ 4000} Bl zwzww ©
o B iw ] 3
w ] —— H(400 GeV) < 100 - o
3000} = . ©
2000} | ,H‘ *‘:L -
.0] : < g
1000f- .
00 010203040506 070809 1
Angular LD
® Background estimated from sidebands
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H—ZZ—212T

CMS Preliminary,\'s=7 TeV, 4.7 fb” CMS Preliminary,\s=7 TeV, 4.7 fb”
O 5 | " e DATA - = 2 | | |
>  H200 5 22 5 e L, H - ZZ - it
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ﬁ B 2z > I ?g ssss: Expected * 10
D I WZ/Z + jets © | m= Expected * 20
c 3 e -
O o 10
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® High mass Higgs search (190-600 GeV)
o

Main backgrounds : Z+jets, ZZ
37
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A 4-lepton Candle

o CMS B \s=7TeV L=4.7fb
Z ) A %12 -+~ DATA
\ j v ém B z+x
IS
® (lean 4 lepton resonance at Z mass 6

® Requirement on the Z2 mass relaxed to 4
4 GeV

{ . L N

® Useful candle for direct calibration of the '

4 lepton mass scale, resolution Q

>
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® Phase space similar to a H—=ZZ—4l el

decays
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