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SM Higgs Search Channels

Production Inclusive VBF WH/ZH ttH

Low mass MH ≲ 200 GeV

Production
DECAY

Inclusive VBF WH/ZH ttH

H → γγ YES YES YES YES

H → bb YES YES

H → ττ YES

H → WW* YES YES YESH WW YES YES YES

H → ZZ*, Z ℓ+ℓ-, 
ℓ=e,μ

YES

H → Zγ, Z → ℓ+ℓ-, ℓ=e μ very low σH → Zγ, Z → ℓ ℓ , ℓ e,μ very low σ

Intermediate mass 
(200 GeV ≲ MH ≲700 GeV)

High mass (MH ≳ 700 GeV)

VBF qqH → ZZ → ℓℓνν

H d H ZZ* 4ℓ h l h l

inclusive H → WW
inclusive H → ZZ

VBF qqH → ZZ → ℓℓνν
VBF qqH → WW → ℓνjj

2

H → γγ and H → ZZ* → 4ℓ are the only channels 
with a very good mass resolution ~1%



Higgs Searches
L M 140 G V/ 2 Medium 130<M <500 GeV/c2 High M > ~500 GeV/c2Low MH < 140 GeV/c2 Medium 130<MH<500 GeV/c2 High MH > ~500 GeV/c2
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CMS→ PTDR: Improvements w.r.t. previous analyses

• Discovery potential for the Higgs boson was updated with:
– Latest trigger table
– Background estimates from “data”, exp. systematics
– ME generators for multi-jet events: ALPGEN, MadGraph, CompHEP, 

TopRexp
– all analyses based on full G4 simulation
– L = 2 x 1033cm-2s-1 conditions (pile-up)

• NLO cross sections were used for Higgs boson production and backgrounds• NLO cross sections were used for Higgs boson production and backgrounds 
(when available)
– SM Higgs production cross sections and branching ratios: HDECAY, 

HIGLU VV2H V2HV HQQHIGLU, VV2H, V2HV, HQQ.
• Summary Tables provided by M. Spira.  
• Table with PDF uncertainties on H cross section from A. Djouadij

– Most of the background NLO cross sections provided by John Campbell
via the  MCFM package    

4



~ 107-8 Z→ll, W→lν on tape during physics run in 
2008 09 ( 10fb 1 ?)2008-09 (~ 10fb-1 ?)

Z W tt cross sections and expectedZ W tt cross sections and expected J. Campbell, R.K. Ellis, D. RainwaterZ, W, tt cross sections and expectedZ, W, tt cross sections and expected
number of events after trigger in CMSnumber of events after trigger in CMS

with 10 fbwith 10 fb--11

W/Z+nJ+X NLO

p , ,
hep-ph/0308195

W/Z+nJ+X NLO
predictions at LHC
with cuts :

pT
l > 15 GeV

|ηl| < 2.4
pT

j > 20 GeVpT
|ηj| < 4.5
ΔRlj > 0.4
ΔRll > 0.2

W/Z bb + X~ 106 tt->μ+X 
1
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|ηb| < 2.5with 10 fb-1



Higgs boson search in inclusiveHiggs boson search in inclusiveHiggs boson search in inclusive Higgs boson search in inclusive 
production. production. 

““G ldG ld ”” LHC dLHC d““GoldenGolden”” LHC modes:LHC modes:

ZZZZ(*)(*) 44 WWWW 22 22ZZZZ(*)(*)-->4>4ll, WW, WW-->2>2ll22νν, , γγγγ

6

H->ZZ->ee μμ



Higgs:  H→ ZZ→ 4 leptons

ZZ background: NLO K-factor depends on mass of 4l
Background from side bands or from ZZ/Z;  
(gg >ZZ is added as 20% of LO qq >ZZ)

Combined 4Combined 4μμ, 4e, ee, 4e, eeμμμμ
signal significancesignal significance

(gg->ZZ is added as 20% of LO qq->ZZ)

at 5at 5σσ sign.sign.
eeeeμμμμ modemode

signal significancesignal significance

eeeeμμμμ modemode

eeμμat 5σ sign.
eeμμ mode
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Early discovery in the channel H→WW→2l2ν?
...counting experiment......counting experiment...

N f thi l i CMS, 1 fb-1
• New for this analysis

– PT Higgs and WW bkg. at NLO (re-
weighted in PYTHIA)
i l d b WW bk

,

– include box gg->WW bkg.
– NLO Wt cross section after jet 

veto 
B k d stim t s f m d t ( d• Background estimates from data (and 
theory)
– tt from the data; uncertainty 16% 

at 5 fb-1at 5 fb
– WW from the data; uncertainty 

17% at 5 fb-1

– Wt and gg->WW bkg from theor after cuts:Wt and gg->WW bkg from theor.  
uncertainties estimated to be 22% 
and 30%

after cuts:
- ET

miss > 50 GeV
- jet veto in η < 2.4
- 30 <pT

l max<55 GeV
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30 <pT <55 GeV
- pT

l min > 25 GeV
- 12 < mll < 40 GeV 



Discovery reach with H→WW→2l2ν

Excluded cross section times
Branching Ratio at 95% C.L. CMS Phys. TDR 2006CMS Phys. TDR 2006
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very similar to old results w/o syst.



Inclusive H→γγ

CMS plot of the ECAL TDR time : December 1997CMS plot of the ECAL TDR time : December 1997
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Went then from hybrid silicon + gas chamber trackerWent then from hybrid silicon + gas chamber tracker
to all silicon tracker to all silicon tracker 



H→γγ: Tracker material budget

11



Inclusive H→γγ: Backgrounds and K-factorsInclusive H→γγ  Backgrounds and K factors
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1, uncert ~ 50%



Discovery Potential : H→γγ
Significance for SM Higgs Significance for SM Higgs 
MMHH=130 GeV for 30 fb=130 GeV for 30 fb--11

N l m nts f CMS PTDR 2006 n l sis:
Signal x 10

New elements of CMS-PTDR 2006 analysis:
– Cut based analysis

• Split into categories depending on 
h l dphoton reco quality and position

• Usage of LLR for discovery, systematic
– Optimized analysis*

• NN with kinematics and g isolation
• s/b per event Final tracker→ all materials

More complete backgrounds

CMS CMS 
ECAL TDRECAL TDR

CMS PTDRCMS PTDR ATLAS (preliminary!)ATLAS (preliminary!)

NLONLO NLONLO NLONLO TDR (LO)TDR (LO) New NLONew NLO NewNew NLONLONLONLO
count. expcount. exp

NLONLO
cut basedcut based

NLONLO
optimized*optimized*

TDR (LO)TDR (LO) New, NLONew, NLO
Cut basedCut based

NewNew, NLO, NLO
likelihoodlikelihood

~ 7.5~ 7.5 6.06.0 8.28.2 3.93.9 6.36.3 8.78.7
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⇒Still the most promising channel for the low mass Higgs

S. Dasu, Aspen 07



Summary of SM Higgs boson discovery for 
inclusive productioninclusive production
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Full simulation analysis of
qqH H→ττ →l+jetqqH, H→ττ →l+jet

discoverydiscovery
SMSM

light hlight h
in MSSM in MSSM 

Discovery in Standard ModelDiscovery in Standard Model
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ttH, H→bb

CMSCMS

MH=115
60 fb-1

Latest CMS results are more pessimistic Latest CMS results are more pessimistic 
for this mode due to:for this mode due to:

- effects of systematics
- backgrounds with ME Generator (ALPGEN)
- full detector simulation (b tagging, jet resolution)
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- new K factors for signal

Improvements (eg. Particle Flow) still possible



SM H→γγ in associated ttH and WH production at 
high luminosity

Di f Wh hDi f Wh h >>Discovery of Wh, hDiscovery of Wh, h-->>γγγγDiscovery of tth, hDiscovery of tth, h-->>γγγγ

L=1034 cm-2 s-1

L=1034 cm-2 s-1L=10 cm s

Significance of tth, hSignificance of tth, h-->>γγ γγ for 100 fbfor 100 fb--11
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Central Exclusive Higgs Production
Exclusive central Higgs production pp→ p H p : 3-10 fb SM

b -jet

Exclusive central Higgs production pp→ p H p  :  3 10 fb     SM
>100 fb MSSM (high tanβ)

gap gap

b jet

H η
p p

b -jet22 )''( ppppMH −−+=
ΔM = O(1 0 2 0) GeV

Azimuthal pp corelations:
A way to get information
on the spin of the Higgs

beam dipole

dipole

ΔM = O(1.0 - 2.0) GeV p gg

p’
roman pots

dipole
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p’
p

roman pots
FP420 R&D Project

http://www.fp420.com



CMS SM Higgs boson discovery: y
Signal Significance for 30 fb-1

with K factorswith K factors
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5σ significance with 10 fb-1 over essentially the full range



Mass measurement with 
H→ZZ→ 4 leptons and H→γγH→ZZ→ 4 leptons and H→γγ

Stat. error onlyStat. error only
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CP properties from H→ZZ→4 leptons

dd ΓΓ ((ηη) ~ H +) ~ H + ηη I +I + ηη 22 A,A,d d ΓΓ ((ηη)  H + )  H + η η I + I + ηη A,A,
H scalar, A H scalar, A –– pseudoscalar,pseudoscalar,
ηη=tan(=tan(ξξ),  ),  ξξ = +/= +/-- ππ/2 /2 ----> A> A

C2 = σ Br / σ SM Br SM

CMS
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CC22 needed to exclude SM hneeded to exclude SM h



Summary

• The PTDR simulation studies show: 
– SM inclusive H→γγ could be discovered with < 10fb-1SM inclusive H→γγ could be discovered with  10fb

• associated with tt and W (tth, Wh):  >  ~100 fb-1 at high lumi
– H → ZZ → 4l and H → WW → 2l2ν : almost no change in the discovery 

i l d i lpotential compared to previous results
• First study of CP mixed Higgs with H → ZZ → 4l

– tth h→bb is lost as discovery channeltth, h→bb is lost as discovery channel
– qqh, h→tau tau “survived” after full simulation !

• The biggest discovery reach in MSSM MA-tan(b) planegg y p
– Higgs boson parameter measurements:

• Mass:  ~ 0.1 % accuracy at 30 fb-1

C li 5 20 % ith 2 30 fb 1• Couplings: ~  5-20 % with 2x30 fb-1 
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SM Higgs: 5σ significance with 10 fb-1 over essentially the full range
If there are no bad surprises…



BACKUP
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CMS Analysis Projects
The Physics TDRsThe Physics TDRs

http://cmsdoc.cern.ch/cms/cpt/tdr/http://cmsdoc.cern.ch/cms/cpt/tdr/

CERN/LHCC 2006-001                  CERN/LHCC 2006-021
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