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1. Intr oduction

If the Higgs mechanism is realised in nature, it is very likely
that at least one Higgs boson will be discovered at the LHC

(certainly in the SM, very likely in SUSY, hopefully in more
exotic scenarios)

Determination of Higgs Boson Couplings at the LHC, Georg Weiglein, Moriond 04/2004 — p.2



1. Intr oduction

If the Higgs mechanism is realised in nature, it is very likely
that at least one Higgs boson will be discovered at the LHC

(certainly in the SM, very likely in SUSY, hopefully in more
exotic scenarios)

“Just” a discovery will not be suf cient

Determination of Higgs Boson Couplings at the LHC, Georg Weiglein, Moriond 04/2004 — p.2



1. Intr oduction

If the Higgs mechanism is realised in nature, it is very likely
that at least one Higgs boson will be discovered at the LHC

(certainly in the SM, very likely in SUSY, hopefully in more
exotic scenarios)

“Just” a discovery will not be suf cient

Need to determine the nature of the detected particle in order
to experimentally verify the Higgs mechanism:

Determination of Higgs Boson Couplings at the LHC, Georg Weiglein, Moriond 04/2004 — p.2



1. Intr oduction

If the Higgs mechanism is realised in nature, it is very likely
that at least one Higgs boson will be discovered at the LHC

(certainly in the SM, very likely in SUSY, hopefully in more
exotic scenarios)

“Just” a discovery will not be suf cient

Need to determine the nature of the detected particle in order
to experimentally verify the Higgs mechanism:

# Higgs mass(es), spin, CP properties

Determination of Higgs Boson Couplings at the LHC, Georg Weiglein, Moriond 04/2004 — p.2



1. Intr oduction

If the Higgs mechanism is realised in nature, it is very likely
that at least one Higgs boson will be discovered at the LHC

(certainly in the SM, very likely in SUSY, hopefully in more
exotic scenarios)

“Just” a discovery will not be suf cient

Need to determine the nature of the detected particle in order
to experimentally verify the Higgs mechanism:

# Higgs mass(es), spin, CP properties

# Higgs couplings to different particles:

Hbo, Htt, H * ,HW*W ,HZZ,Hgg,H ,HHH,
HHHH, ...
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Higgs couplings

Precise knowledge of Higgs couplings crucial for

Determination of Higgs Boson Couplings at the LHC, Georg Weiglein, Moriond 04/2004 — p.3



Higgs couplings

Precise knowledge of Higgs couplings crucial for

o experimentally establishing the Higgs mechanism
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Higgs couplings

Precise knowledge of Higgs couplings crucial for

o experimentally establishing the Higgs mechanism

# revealing the structure of the underlying model
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Higgs production at the LHC

Relevant production pro-
cesses for SM-like Higgs:
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Higgs production

Relevant production pro-
cesses for SM-like Higgs:

Gluon fusion: gg! H

Weak boson fusion
(WBF): gq! ou™H

at the LHC
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Higgs production

at the LHC

Relevant production pro-
cesses for SM-like Higgs:

Gluon fusion: gg! H

Weak boson fusion
(WBF): og'!

top-quark associated
production: gg; qq !
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Higgs production at the LHC

Relevant production pro-
cesses for SM-like Higgs:

Gluon fusion: gg! H

Weak boson fusion
(WBF): gq! ou™H

top-quark associated
production: gg;qq! ttH

weak boson associated
production: go®! WH;ZH

Deter
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Higgs production at the LHC

Relevant production pro-
cesses for SM-like Higgs:

Gluon fusion: gg! H

Weak boson fusion
(WBF): qq! g4

top-quark associated
production: gg;qq! ttH

weak boson associated
production: go®! WH;ZH

How well does WBF channel work at high luminosity?
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Higgs production at the LHC

No LHC analogue to recoil method at LEP and LC:
ete ! ZH,Z! e'e; *

) no absolute measurement of total Higgs production cross
section

QCD backgrounds ) not all decay modes accessible,
large uncertaintyon H ! bb, ...

Measurement of BR:
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Higgs production at the LHC

No LHC analogue to recoil method at LEP and LC:
ete ! ZH,Z! e'e; *

) no absolute measurement of total Higgs production cross
section

QCD backgrounds ) not all decay modes accessible,
large uncertaintyon H ! bb, ...

Measurement of BR: Narrow-width approximation

(H )SM prod decay

SM
prod tot

) (H) BR(H! a+1b)=
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Determination of ratios of couplings

Observation of different channels (or upper bound from
non-observation) provides information on combinations of

. . . . . 2
OF W: Z, ’ v D Yt
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. . . . . 2
OF W: Z, ’ v D Yt

) Determination of ratios of partial widths
E.g.: global t [M. Dihrssen '03]
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Determination of ratios of couplings

Observation of different channels (or upper bound from
non-observation) provides information on combinations of

. . . . . 2
OF W: Z, ’ v D Yt

) Determination of ratios of partial widths
E.g.: global t [M. Dihrssen '03]

) Additional theoretical assumptions needed for absolute
determination of partial widths

Determination of Higgs Boson Couplings at the LHC, Georg Weiglein, Moriond 04/2004 — p.6



Theoretical assumptions: earlier approach

[D. Zeppenfeld, R. Kinnunen, A. Nikitenko, E. Richter-Was '00]

SMratioofH! bbb H! *  partial widths

SMratioofH! wWOwWO H 1 z0)z() partial widths

No large unexpected decay modes

Questionable in various scenarios of new physics, e.g. SUSY
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2. Strategy

Consider general multi-Higgs-doublet models (with or without
additional Higgs singlets), includes e.g. MSSM

) HVV couplings bounded by SM values: SNV =W;2Z)
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2. Strategy

Consider general multi-Higgs-doublet models (with or without
additional Higgs singlets), includes e.g. MSSM

) HVV couplings bounded by SM values: SNV =W;2Z)
) Upper bound on

Observation of Higgs production

) Lower bound on production couplings, lower bound on total
Higgs width, o

Observationof H ! VV in WBF
) Determines &= s ) Upper bound on

) Absolute determination of ,; and remaining Higgs couplings
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Strategy, luminosity scenarios

Couplings determined from a global t

Three luminosity scenarios considered:
30 fb ! at each of two experiments

300 fb ! at each of two experiments, of which only

100 fb ! is usable for WBF channels at each experiment
(assume signi cant degradation of WBF channels in high
luminosity environment)

300 fb ' at each of two experiments
(full luminosity usable for WBF channels)

Use SM rates in the ts ) statistical errors
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Estimate of systematic errors:
5% luminosity error

uncertainties on reconstruction/identi®cation of leptons (2%),
photons (2%), b-quarks (3%), forward tagging / veto jets (5%)

error propagation for background determination from side-band
analyses (from 0.1% for H ! to5% forH! WW andH ! )

theoretical and parametric uncertainties on Higgs boson
production (20% ggH, 15% ttH , 7% WH=H, 4% WBF) and
decays (1%, as a future expectation)

) Log likelihood function based on statistical and systematic errors
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Estimate of systematic errors:
5% luminosity error

uncertainties on reconstruction/identi®cation of leptons (2%),
photons (2%), b-quarks (3%), forward tagging / veto jets (5%)

error propagation for background determination from side-band
analyses (from 0.1% for H ! to5% forH! WW andH ! )

theoretical and parametric uncertainties on Higgs boson
production (20% ggH, 15% ttH , 7% WH=H, 4% WBF) and
decays (1%, as a future expectation)

) Log likelihood function based on statistical and systematic errors

Analysis repeated with more restrictive theoretical constraints
) investigate possible improvements
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Considered channels

H! zOzO g

H !

Ht wrOw O1 4 g e
H! *

ttH, H ! Db
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3. Results for general multi-Hig gs-doub let models

Assume

2 P . .
ghww < L0505 ww: sm» gﬁzz < 1-059ﬁzz;5|v|

5% margin to allow for theoretical uncertainties in translation
between g3,,, and partial widths and for small admixtures of
exotic states

Allow for possibility of additional particles running in the loops
for H ! andgg! H

tted by positive/negative new partial width to H ! ,09! H

Allow for additional Higgs decays
tted with extra partial width
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Constraints on extra partial widths

Detection of SM rates
) Constraints on additional partial widths
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Results for the couplings and the total Higgs
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Results for the couplings and total Higgs width

For2 300+ 2 100fb *:
typical accuracies of 20+30% for my < 150GeV

10% accuracy for HWW, HZZ couplings above W-pair
threshold

Accuracy signi cantly worse in low luminosity case
(2 30fb 1) for light Higgs

Luminosity of 2 300fb ! yields signi cant improvement over
2 300+ 2 100fb !caseonlyforH coupling
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Results for the couplings and total Higgs width

For2 300+ 2 100fb *:
typical accuracies of 20+30% for my < 150GeV

10% accuracy for HWW, HZZ couplings above W-pair
threshold

Accuracy signi cantly worse in low luminosity case
(2 30fb 1) for light Higgs

Luminosity of 2 300fb ! yields signi cant improvement over
2 300+ 2 100fb !caseonlyforH coupling

Systematic errors contribute up to half the total error,
especially at high luminosity
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Results with more restrictive theoretical
constraints

Additional assumption: HWW, HZZ couplings close to their
SM values

2 _ 2 . 2 _ 2
ghww = Jaww:sm °% Ohzz = %hazz.sm 2%

Realised for the light CP-even Higgs of the MSSM over wide
part of SUSY parameter space (decoupling region,
Ma > ZOOGeV)

Further assumption (has only small impact on accuracies):

No new particles in loops of H ! ,gg! H,le.couplings
X ed in terms of couplings of SM particles in the loops

Additional Higgs decays allowed
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Results with more restrictive theoretical
constraints

1
>< —~ — 2 >< < I 2
H S< Y A . < I
%I B g (H’t) S ¢ g (H’t)
“>0.9— 2 “>0.9— 2
o - —g°(H,b) a - —g°(H,b)
0.8 0.8
o7/ G, o7 | G,
B without Syst. uncertainty B without Syst. uncertainty
0.6/~ 2 Experiments 0.6/~ 2 Experiments
- < N - < 4
0.5 O_ dt=2*30 fb 0.5 O_ dt=2*300 fb
- - WBF: 2*100 fb
0.4 , 0.4
0.3 . 0.3
0.2 0.2 ..
- E ey
o1l 0.1 R
07III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III 07III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III
110 120 130 140 150 160 170 180 190 110 120 130 140 150 160 170 180 190
m, [GeV] m, [GeV]

) 10+£20% accuracies over entire intermediate Higgs mass
range for 2 300+ 2 100fb 1!
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4. Sensitivity to the structure of the underl ying
physics scenario

Higgs coupling measurements
) sensitivity to deviations from the SM

Example: MSSM, m'™® benchmark scenario

In decoupling region (ma = 200GeV): SM-like Higgs sector,
small deviations in couplings of CP-even Higgs h from SM
predictions
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4. Sensitivity to the structure of the underl ying
physics scenario

Higgs coupling measurements
) sensitivity to deviations from the SM

Example: MSSM, m'™® benchmark scenario

In decoupling region (ma = 200GeV): SM-like Higgs sector,
small deviations in couplings of CP-even Higgs h from SM
predictions

Question: at what signi cance can the SM be ruled out from h
measurements at the LHC alone?
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MSSM example: 3 and 5 deviations from

the SM
30 T L 'l“ L L ' L 30 T T L L
P 2%30 fb 2*30 fb
2*3OQ+2*100fb fffffffff 2 300+2*100fb fffffffff
20 1 o 2x300ft 1 207 27300f07 —
my' > scenario | | - my™ scenario
5s | 3s
2 10t 2 10t
g 9r | m,=130Gev] & 91 “my, =130 GeV
8 8 r
s Tt
61 61
5 _ 5 _
sl 125GeV. N 125 GeV'
3 A R Y A B B R S 3 [ B
200 300 400 500 600 700 500 600 700

) For2 300+ 2 100fb *:
5 discrepancy from SMup to my 300GeV
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Indirect constraints on map

Note:

Deviations from the SM cannot directly be translated into
Indirect bounds on mpy

Relation between my,, ma, tan and Higgs couplings affected
by all other SUSY parameters
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Indirect constraints on map

Note:

Deviations from the SM cannot directly be translated into
Indirect bounds on mpy

Relation between my,, ma, tan and Higgs couplings affected
by all other SUSY parameters

) Need precision measurements of Higgs couplings +
detailed information on SUSY spectrum
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Indirect bounds on ma: LHC + LC

. . 2400
Precision measurement of
BR(h! bo=BR(h! WW ) .. 2000 - -
" "BR(h! BY=BR(h! WW ), '
1600 |- -
at the LC S
o 1200 | -
d S
an <
2 800 |- -
LHC + LC information on SUSY
. - Ar/r = 4% i
spectrum (SPS1a scenario) - A= 15%
_ - Ar/r = 15% (no param. err.)
[K. Desch, E. Gross, S. Heinemeyer, ol 1 v s
-1200 -800 -400 0 400 800 1200
G. W., L. Zivkovic '04] AM (GeV)

) Sensitive indirect bounds on mp only with high-precision
measurements, LHC + LC information
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5. Conclusions

Determination of Higgs partial widths, Higgs couplings to
fermions and gauge bosons at the LHC:

Contributions from unobservable channels can be sizable
) Large correlation between extracted partial widths
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fermions and gauge bosons at the LHC:

Contributions from unobservable channels can be sizable
) Large correlation between extracted partial widths

Moderate theory assumption:
HVV couplings bounded from above by SM values
(valid in generic multi-Higgs-doublet models)

) Reduction of correlations, smaller errors

) Absolute determination of Htt, H , HWW,HZZ
couplings and total Higgs width with 10-30% accuracies

Determination of Higgs Boson Couplings at the LHC, Georg Weiglein, Moriond 04/2004 — p.22



5. Conclusions

Determination of Higgs partial widths, Higgs couplings to
fermions and gauge bosons at the LHC:

Contributions from unobservable channels can be sizable

) Large correlation between extracted partial widths
Moderate theory assumption:

HVV couplings bounded from above by SM values
(valid in generic multi-Higgs-doublet models)

) Reduction of correlations, smaller errors

) Absolute determination of Htt, H , HWW,HZZ
couplings and total Higgs width with 10-30% accuracies

Determination of Higgs couplings

) Signi cant deviations in the Higgs sector observable In
many models of physics beyond the SM
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