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LHC Luminosity Estimatesto

observe the Higgs and test its properties

(somerecentCMS studies)
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� Well known SM HiggsSignals
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Generalities
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1a: Want to Discover the Higgs

needto know Luminosities for 5 � Signalsasf( � � )!
statistical Signal significance: 	�

� �

(for small statistics: PoissonProbabilities)

1b: What are the Discovery Signatures?

comparediffer ent signatures

2: Want to learn about Higgs Couplings?

measureHiggsCrossSectionswith differ ent signatures!
statistical crosssectionerror: 	�
 � 	 � � )!

for a recentcompilation and � � � ����� GeV see:
R. Kinnunen, A. Nikitenko, E. Richter-Wasand D. Zeppenfeld;
Phys.Rev.D62(2000)013009and hep-ph/0002036
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usemostaccuratecrosssections
for Signaland Backgrounds

Dilemma I:
NLO HiggsSignal crosssectionknown

but many Backgroundsknown only at LO

Dilemma II:
Monte Carlos with fragmentation and parton

showering (many soft jets) are LO only

A way Out (in absenceof anything better)

useK–factors (K= � (NLO)/ � (LO)) if known

Signal:

K ����� � � � � !#"%$ and K �'&�& � &(&)� �*� +,".-)/
Backgroundsfor not too fancy cuts:

K �'&10& � 2323�4� !#"65)/ K �'&10& � 7 7 �*� !#"98 ,
K �:&;0& � 7 2<�*� !="6/ , K �?>@> � A 0AB�*� !#"%5

in caseof unknown NLO corrections:

lik e ��� � CDCE�F2G2IHJ7 7 �
useK–factors fr om ��� � � calculations!
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“Kno wn” sincemany years

“Inclusi ve” Signals(mainly fr om KGK L ):

� 100GeV M N M OQPSR GeV: L T T
� 130GeV M N M OVUWU GeV:

L X X Y and X X Y L PVZ
[

� N \ O*]WR GeV:
L X X and X X L P^Z

[
� 140GeV M N M O ]_R GeV

L L Z4` a Zcb da

Other well establishedSignals:

� N \ PSReR GeV:
L X X L Z4` ZIb a da

� N \ f_ReR GeV:g<g and L L Z
[
a g dg

4



L requiredLHC Luminosity for
a 5 � SM Higgs Signal in oneExperiment

NLO crosssectionsand
fast (optimistic) CMS simulations
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5    Higgs Signals (statistical errors only)
m σ

LHC 14 TeV (SM, Signal with σNLO)
n

pp → H →  γ γ

pp → H →  WW → lνo lνopp → H →  ZZ → llll

pp → H →  ZZ → llνo νo
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How a 300GeV Higgsmight bediscoveredat the LHC

an averageexperiment

0.5
p

1
q

1.5
q

2
r

2.5

3
s

3.5
s

200
r

300
s

400
t

500
u

600
v

700
w

300 GeV Higgs signal for ZZ 
x

→y  l+l-l+l-

background: q q
–
 → Z Z

background + Higgs

Luminosity ≈ 4 fb-1LHC, 14 TeV
NLO cross section (without fluctuations)
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300 GeV Higgs signal for ZZ 
x

→y  l+l-l+l-

background: q q
–
 → Z Z

background + Higgs

Luminosity ≈ 4 fb-1LHC, 14 TeV
NLO cross section (with fluctuations)
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300 GeV Higgs signal for ZZ 
x

→y  l+l-l+l-

background: q q
–
 → Z Z

background + Higgs

Luminosity ≈ 4 fb-1LHC, 14 TeV
NLO cross section (with fluctuations)
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Parton Level Higgs Signals:
|V} ~ � 5�+=+ GeV: &�& � &(&)� � 7 7 � �����,���E0�

N. Kauer, T. Plehn,D. Rainwater andD. Zeppenfeld;Phys.Lett.B503(2001)113andhep-ph/0012351.

|V} ~ � !�/�+ GeV: &�& � &(&)� � CDC
D. Rainwater and D. Zeppenfeld; JHEP 97(1997)12:005and hep-ph/9712271.

|V} ~ � !�8(+ GeV: &�& � &(&)� � �D�
D. Rainwater, K. Hagiwara and D. Zeppenfeld; Phys.Rev.D59(1999)014037and

hep-ph/9808468.

RecentCMS Studies
(a) reproduceParton Level Studies
(b) usePYTHIA and a fast Detectorsimulation
| for } ~ � 5�+)+ GeV: &�& � &(&)� � 7 7 � � � �,� � 0�

D. Zuercher, CMS–Notein Preparation

| for } ~ � !�/#+ GeV: &�& � &(&)� � CDC
Mikhail Dubinin, CMS–Note

| for } ~ � !�8�+ GeV: &�& � &(&)� � �D�
A. Nikitenko (this workshop)
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qqH and � � � GeV

with PYTHIA and fast CMS Detector
simulation:

� parton level resultsreproduced
� PYTHIA level still valuable Higgs Signals
� efficiencies� 0.5of parton level efficiencies

efficiencylossfr om several effects:

� leptonslessisolated
� “edge” effects(� � and � coverage)

for jet tagging
� needto impr ove/optimizejet definition

with more detaileddetectorsimulation
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new/updatedstudies fWRWR M N M 600GeV
with PYTHIA and fast CMS simulation

M.D and A. Nicollerat CMS–Notein preparation and A. Nicollerat hep-ex/0103023

“consistent” simulation of
lepton and jet detection/identification

Production: K3K L and g<g L g<g

Decays: L X X :

L X X L PVZ
[

(relative rates: 1)

L X X L Z*` Zcb a da (relative rates: 6)

L X X L Z*` Zcb g dg (relative rates: 21)

Decays: L :

L L ZQa�ZQa (relative rates: 22)

L L ZQa g dg (relative rates: 130)
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“Standard” Signalswith L X X L Z�Z�Z�Z
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Higgs signal for ZZ →y  l+l-l+l-, 600 GeV

background
signal(600GeV)+�
background (ZZ)

Luminosity = 100 fb-1LHC, 14 TeV
Signal with 
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expectedsignal rates for L=100 fb b � :
inclusive signalmainly K3K L :
N =300GeV � O4ReR � �IRWR events
N =600GeV � PSR � �WU events

too small rateswith jet tagging g<g L g<g :
N =300GeV � O�U events
N =600GeV � U events
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Signalswith L X X L Z�ZQa a
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Higgs signal for ZZ 
£

→¤  llν¥ ν¥  (600GeV)

backgrounds
signal(600GeV)+¦
backgrounds
(ZZ,WW,WZ,tt

−
,Z+jets)

Luminosity = 100 fb-1

Signal with 
§

σ¨ NLO

LHC, 14 TeV

cut
225 GeV

Missing pt [ GeV ]
N

u
m

b
er

 o
f 

ev
en

ts
 / 

10
 G

eV

0
©5¢

10
�15
�20
�25
�30
 35
 40

45

50
¢

100 150 200 250 300
 

350
 

400 450 500
¢

Higgs signal for ZZ →¤  llν¥ ν¥  (450 GeV)
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goodsignalsfor N \ P«RWR GeV

expectedrates for L=100 fb b � :
inclusivesignalmainly ��� � � :} ~ =450GeV � $¬+=+ events } ~ =600GeV � ­#+=+ events

rateswith jet tagging &(& � &�&�� :} ~ =300GeV � /�+ events } ~ =600GeV � 8(+ events
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Signalswith L L Z®a ZQa
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backgrounds
signal(300GeV)+�
backgrounds
(WW,tt

−
,Z+jets)

signal(300GeV)�

Luminosity = 100 fb-1

LHC, 14 TeV
Signal with 
�

σNLO
�

Transversal mass of WW system [ GeV ]

N
u

m
b

er
 o

f 
ev

en
ts

 / 
20

 G
eV

0
p

100
q
200
r
300
s
400

500
u
600
v

0
p

200 400 600
v

800
{

1000

Higgs signal for WW →y  lν¯ lν¯ , 600 GeV
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Higgs signal for WW →y  lν¯ lν¯ +2jets, 300 GeV°
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Higgs signal for WW →y  lν¯ lν¯ +2jets, 600 GeV°
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marginal signalsfor K3K L L Z®a ZQa
perhapspossibleonce ² ³ known!

goodsignalswith jet tagging g<g L g<g :
N =300–600GeV � O*RWR � O�U´R events
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Signalswith L L ZQa g dg
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Higgs signal for WW →y  lν¯  jet jet (600GeV)
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hopelessfor K3K L L ZQa g dg
goodsignalswith jet tagging g<g L g<g :

N =300–600GeV � fWRWR events
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Signalswith L X X L Z�Z g dg
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goodsignalsfor jet tagging g<g L g<g :

N =300–600GeV � UIR � ]_R events
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Summary
µ 5 ¶ SM HiggsSignals:

few fb ·¹¸ for º » ¼ ½�¾(¿ GeV and
20–30fb ·¹¸ for º » À ½�¾(¿ GeV
(Strong limits alreadyfr om first LHC Year!)
µ for L= 100fb ·¹¸ Signalsfor Á�Á Â Ã and Ä�Ä Â Ä(Ä)Ã

possiblefor “entir e” Higgs massrange (gap200–300GeV)
µ Statistical crosssectionerrors for Á(Á Â Ã and Ä(Ä Â Ä�Ä�Ã

should reach5–10%accuraciesfor L= 100fb ·¹¸
µ Measurementof BR( Ã Â Å Å )/BR( Ã Â Æ3Æ )

with Ç È ½É¿ % accuracyfor L= 100fb ·¹¸
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5    Higgs Signals (statistical errors only)σÑ
LHC 14 TeV (SM, Signal with σÒ NLO)
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qq Ö → qqH →  γ γÔ
qq Ö → qqH →  WW → lνÕ lνÕ
qq Ö → qqH → WW → lνÕ jj×
qq Ö → qqH → ZZ → llννÕ
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