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Tevatron: Higgs channels

7M. Casarsa Higgs results form the Tevatron – PLHC 2011

SM Higgs Decays
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 Expected yields per fb-1:

 channel events @ 115 events @ 165 

 WH$"#bb 28 0.1

 ZH$##bb 16 0.07

 ZH$""bb 5 0.02

 H$WW$"#"# 9 38

 total 58 38

 The Higgs boson dominant decay modes 
are driving the search strategies:

low mass region:  
overwhelming multijet bkg, gg%H not
viable; associated production provides 
cleaner experimental signatures; 

high mass region:
 leptonic W decays provide clean final 

states, can take advantage of the more
abundant direct production.

high masslow mass

M. Casarsa, PLHC 2011
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Tevatron: Summer 2010 combined exclusion

21M. Casarsa Higgs results form the Tevatron – PLHC 2011

Summer '10 Tevatron combination

95% C.L. exclusion of 
the mass ranges
MH < 109 GeV/c2

158 < MH < 175 GeV/c2 
http://tevnphwg.fnal.gov/results/SM_Higgs_Summer_10/

M. Casarsa, PLHC 2011
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Tevatron: March 2011 update of high-mass channels

17M. Casarsa Higgs results form the Tevatron – PLHC 2011

Winter '11 Tevatron high-mass combination     

http://tevnphwg.fnal.gov/results/SM_Higgs_Winter_11/

95% C.L. exclusion of 
the mass range

158 < MH < 173 GeV/c2 

M. Casarsa, PLHC 2011 MH = 158–173 GeV excluded at 95% CL
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Tevatron: Data-taking ends September 30, 2011

Expect ∼ 10 fb−1 per experiment on tape

18M. Casarsa Higgs results form the Tevatron – PLHC 2011

Perspectives

 The date of the Tevatron Run II termination has been written on stone:
September 30, 2011.

 Expected ~10 fb-1 per experiment on tape. 

expected better

than 2.4 !  sensitivity 

up to 180 GeV/c2 

M. Casarsa, PLHC 2011
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LHC: approaching competitiveness with Tevatron

15/21

individual channels

Atlas approaching SM (x1.6 SM)
Tevatron excl. limit

Exclusion limits
combination

SM4

SM4 excluded for mH : 140-185 GeV

current H

SM
1 2

3
M. Escalier, talk at PLHC 2011 ATLAS individual channels, 35 pb−1
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LHC: approaching competitiveness with Tevatron

15/21

individual channels

Atlas approaching SM (x1.6 SM)
Tevatron excl. limit

Exclusion limits
combination

SM4

SM4 excluded for mH : 140-185 GeV

current H

SM
1 2

3 M. Escalier, talk at PLHC 2011 ATLAS combined, 35 pb−1
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LHC: ATLAS H → γγ updated with 2011 data (209 pb−1) 6/21H : inv. mass and exclusion limits

best world limit for H

systematics
Source uncertainty
Luminosity ±4.5 %
photon ID ±11 %
Photon isol. ±3 %
Trigger ±1 %

Limits
modelisation bkg : exp decreasing shape
Nuisance parameters : slope+normalization

reasonable agreement data/MC

Limit : down to 4.2xSM

m resol. ±13 % on m

Yields
12 %

6/21H : inv. mass and exclusion limits

best world limit for H

systematics
Source uncertainty
Luminosity ±4.5 %
photon ID ±11 %
Photon isol. ±3 %
Trigger ±1 %

Limits
modelisation bkg : exp decreasing shape
Nuisance parameters : slope+normalization

reasonable agreement data/MC

Limit : down to 4.2xSM

m resol. ±13 % on m

Yields
12 %

M. Escalier, talk at PLHC 2011
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LHC: Exclusion prospects with 1 fb−1

Marcello Mannelli CERN 
On behalf of the CMS Collaboration 

CMS Higgs Search Prospects 
with 1fb-1 

June 2011 Higgs Search Results from CMS 
Marcello Mannelli, talk at PLHC 2011
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LHC: Exclusion prospects with 5 fb−1

Marcello Mannelli CERN 
On behalf of the CMS Collaboration 

CMS Higgs Search Prospects 
with 5fb-1 

June 2011 Higgs Search Results from CMS 
Marcello Mannelli, talk at PLHC 2011 GF, VBF; WW, ZZ, γγ
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LHC: Discovery prospects in 7 TeV run

Marcello Mannelli CERN 
On behalf of the CMS Collaboration 

CMS Higgs Discovery Prospects 
with 1 - 10fb-1 

June 2011 Higgs Search Results from CMS 

20/21Prospects

ATL-PHYS-PUB-2010-015

With 1 fb-1 sensitivity to exclude SM Higgs in range mH=130-500 GeV.

Combination ATLAS+CMS : LHC Higgs Combination Group
aiming for LP2011 : only SM ; expand MSSM in future
Agreement on theoretical input : LHC Higgs Cross Section Working group

ATL-PHYS-PUB-2010-015

3 evidence possible with 5 fb-1

Discovery more difficult, but upward fluctuation could be observed

Marcello Mannelli, talk at PLHC 2011 M. Escalier, talk at PLHC 2011
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Three ways to search for BSM Higgs:

1) Exotic decays of SM-like neutral Higgs

- H → aa→ 4b, 2b2τ , 4γ

- H → dark matter; “hidden valley” states; etc.

2) Production and decay of exotic BSM Higgs-sector states

- H+ search, e.g. in top decays

- H++ → `+`+ search

- MSSM A/H via decays to ττ

3) Production and decay of BSM Higgs in SM Higgs channels

Heather Logan (Carleton U.) Higgs pheno beyond the SM CAP Congress 2011
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3) Production and decay of BSM Higgs in SM Higgs channels

“BSM-ness” manifests via modified coupling(s) to SM particles:

- New particles in the loop

gg → H modified;

H → γγ modified

- Sharing of EWSB vev among two or more mass eigenstates

VBF → H and WH,ZH modified;

H →WW,ZZ modified

H → γγ can be modified: W in the loop

- Masses of different fermions from different Higgs doublets

gg → H can be modified;

ratios of decays to different fermions modified

Can affect all other BRs by changing Higgs total width

Heather Logan (Carleton U.) Higgs pheno beyond the SM CAP Congress 2011

14



3) Production and decay of BSM Higgs in SM Higgs channels

Examples:

- 4th generation

- MSSM

- more general 2HDMs

- Top-Higgs

- Lee-Wick Standard Model

Heather Logan (Carleton U.) Higgs pheno beyond the SM CAP Congress 2011
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4th generation

New heavy quarks contribute substantially to gg → H and H → γγ

gg → H:

Loop is independent of mt for mt �MH.

4th gen t′, b′ together triple SM amplitude:

cross section 9× SM.

H → γγ:

W loop dominates for light

Higgs; SM top loop interferes

destructively (∼ −30%).

4th gen t′, b′, τ ′ generally sup-

press partial width to γγ.

Heather Logan (Carleton U.) Higgs pheno beyond the SM CAP Congress 2011
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4th generation

Ruling out a 4th generation using limits on hadron collider Higgs signals

John F. Gunion
Department of Physics, University of California, Davis, CA 95616, USA

We consider the impact of a 4th generation on Higgs to γγ and WW, ZZ signals and demonstrate
that the Tevatron and LHC have essentially eliminated the possibility of a 4th generation if the Higgs
is SM-like and has mass below 200 GeV. We also show that the absence of enhanced Higgs signals
in current data sets in the γγ and WW, ZZ final states can strongly constrain (almost eliminate)
the possibility of a 4th generation in two-Higgs-doublet models of type II (in the MSSM).

PACS numbers:

Although new physics has not yet been seen at the
Tevatron or LHC, as the integrated luminosity esca-
lates increasingly interesting constraints on new physics
emerge. This note focuses on the interconnection be-
tween limits on excesses in the γγ and WW, ZZ mass
spectra and the possible existence of a 4th generation
and/or a sequential W �, assuming that a SM or two-
doublet Higgs sector exists, even if a Higgs boson has
not yet been detected.

There are now significant constraints on Higgs to γγ
and WW signals coming from the current Tevatron and
LHC data samples. A convenient review is Klute’s
Pheno-2011 talk [1]. In particular, no peak is observable
in the γγ channel in the L = 131 pb−1 ATLAS data,
and, indeed, the observed rate lies somewhat below the
expected background rate. Similarly, both the LHC and,
especially, the Tevatron restrict any excess in the WW
channel relative to the SM rate. We define the ratio
RX ≡ [Γh

ggBR(h → X)]/[ΓhSM
gg /BR(hSM → X)], where

the denominator is always computed for 3 generations.
Crude estimates from the ATLAS γγ spectrum plots of
[1] are that Rγγ <∼ 10 for Mγγ in the 100−150 GeV range.
As regards RWW , currently the Tevatron provides the
strongest limits: at 95% CL the upper limits on RWW in
the mh ∈ [110, 200] GeV window range between 3.5 and
0.8 (this latter for mh ∼ 2mW ), with RWW < 1.8(2.6)
at mh = 115(125 − 135) GeV. These constraints mo-
tivate an examination of the possibilities for enhanced
Rγγ and RWW values in the context of various models
for the Higgs sector. Here, we consider implications for
a 4th generation in the context of the Standard Model
(SM) and two-Higgs-doublet models (2HDM) (including
the MSSM) and for a sequential W � in the SM case. The
lepton and quark masses of the 4th generation will be set
to 400 GeV and 1400 GeV will be chosen for the W � mass.
However, since the focus will be on Higgs masses below
500 GeV, these precise mass choices are not important.

A plot showing Rγγ and RWW as a function of mh

in the case of an h with SM-like couplings and decays
appears in Fig. 1. If a 4th generation is present, one
observes large Rγγ (≥ 4) only for mh > 2mW ,1 where,

1 Rγγ ∼ 1 for mh <∼ 130 GeV because the increase in Γgg is closely

FIG. 1: The solid black curve shows RWW in the presence
of a 4th generation. The (a) long dash – short dash red (b)
dotted blue, (c) long dash magenta curves show Rγγ for the
cases: (a) 4th generation only, (b) sequential W � only, (c)
4th generation plus sequential W �. All curves are for a Higgs
boson with SM-like couplings and SM final decay states.

in any case, prospects for probing Rγγ ≤ 4 remain un-
known. Fortunately, the WW channel is much more
definitive. RWW , also plotted in Fig. 1, is predicted
to be ≥ 6.5 for mh < 300 GeV, falling to ≥ 4.8 for
mh ∈ [400, 500] GeV. This is in clear contradiction to
the above quoted experimental limits from the Tevatron
for the [110, 200] GeV mass range. Thus, the WW chan-
nel already implies that having a light SM-like Higgs bo-
son is inconsistent with the presence of a 4th genera-
tion. The only escape would be if the Higgs boson has
non-standard decays that deplete BR(h → WW ) and
BR(h → γγ). Models of this type abound [2]. A defini-
tive conclusion will require actual observation of a Higgs,
verification that it is indeed SM-like by measuring its V V
and ff couplings, and checking for unusual decays. All
the above can be done using WW fusion to Higgs and
Wh, Zh associated production processes.

Before leaving the SM, we note from Fig. 1 that inclu-

offset by a decrease in BR(γγ) resulting from the increased can-
cellation of the 4th generation fermion loops with the (opposite
sign) W loop.
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Gunion, arXiv:1105.3965

Black: gg → H →WW/SM with 4th generation
Red: gg → H → γγ/SM with 4th generation
Blue: gg → H → γγ/SM with sequential W ′

Magenta: gg → H → γγ/SM with 4th generation and sequential W ′

Heather Logan (Carleton U.) Higgs pheno beyond the SM CAP Congress 2011
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4th generation

15/21

individual channels

Atlas approaching SM (x1.6 SM)
Tevatron excl. limit

Exclusion limits
combination

SM4

SM4 excluded for mH : 140-185 GeV

current H

SM
1 2

3

M. Escalier, talk at PLHC 2011
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MSSM

Squarks, charginos in the loops for ggH and Hγγ

But more important: MSSM has 2 Higgs doublets:

- share in EWSB, mix to form mass eigenstates

ḡh0WW = ḡh0ZZ = sin(β−α) ḡH0WW = ḡH0ZZ = cos(β−α)

- have a nontrivial coupling pattern to fermions

−LYuk = YuucRHuQL + Ydd
c
RHdQL + Y`e

c
RHdLL + h.c.

ḡh0tt̄ = cosα
sinβ = sin(β − α) + cotβ cos(β − α)

ḡh0b̄b = ḡh0ττ = − sinα
cosβ = sin(β − α)− tanβ cos(β − α)

Significant effects when all the Higgs states are relatively light

MSSM: cos(β − α) ' 1
2 sin 4β

m2
Z

M2
A

Heather Logan (Carleton U.) Higgs pheno beyond the SM CAP Congress 2011
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MSSM M. Carena, talk at Pheno 2011

 For a large region of parameter space 
suppression of the      mode at the LHC 

Mh ~ 115 -125 GeV 

Tevatron 

LHC 

Suppression still sizable for mA as large as 500 GeV  

γγ

Heather Logan (Carleton U.) Higgs pheno beyond the SM CAP Congress 2011
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MSSM

7M. Casarsa Higgs results form the Tevatron – PLHC 2011

SM Higgs Decays
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 Expected yields per fb-1:

 channel events @ 115 events @ 165 

 WH$"#bb 28 0.1

 ZH$##bb 16 0.07

 ZH$""bb 5 0.02

 H$WW$"#"# 9 38

 total 58 38

 The Higgs boson dominant decay modes 
are driving the search strategies:

low mass region:  
overwhelming multijet bkg, gg%H not
viable; associated production provides 
cleaner experimental signatures; 

high mass region:
 leptonic W decays provide clean final 

states, can take advantage of the more
abundant direct production.

high masslow mass

15/21

individual channels

Atlas approaching SM (x1.6 SM)
Tevatron excl. limit

Exclusion limits
combination

SM4

SM4 excluded for mH : 140-185 GeV

current H

SM
1 2

3
M. Casarsa, PLHC 2011 M. Escalier, talk at PLHC 2011

Complementarity of low-mass Tevatron and LHC channels.

Heather Logan (Carleton U.) Higgs pheno beyond the SM CAP Congress 2011
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MSSM M. Carena, talk at Pheno 2011

LHC reach for the MSSM SM-like Higgs 

σ < 1
1 < σ < 2
σ ≥ 2
σ ≥ 3

σ < 1
1 < σ < 2
σ ≥ 2
σ ≥ 3

Important to improve on early LHC reach in tau tau mode 

Heather Logan (Carleton U.) Higgs pheno beyond the SM CAP Congress 2011
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MSSM M. Carena, talk at Pheno 2011

σ < 1
1 < σ < 2
σ ≥ 2
σ ≥ 3

σ < 1
1 < σ < 2
σ ≥ 2
σ ≥ 3

Tevatron - early LHC combined reach : 
MSSM SM-like Higgs 

3 sigma evidence of the SUSY Higgs responsible for EWSB 

Heather Logan (Carleton U.) Higgs pheno beyond the SM CAP Congress 2011
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More general 2HDMs

Some similar features to MSSM but generally less constrained

New possibilities for Yukawa structure:

“Lepton-specific” 2HDM: Hq couples to u, d; H` couples to `

can suppress Hqq while enhancing H``

“Flipped” 2HDM: Hu couples to u and `; Hd couples to d

can have large Hbb while suppressing H → ττ

Heather Logan (Carleton U.) Higgs pheno beyond the SM CAP Congress 2011
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More general 2HDMs: Lepton-specific 2HDM benchmark point

!q, !V ! 1. In this case, the cross-sections for processes involving a h"̄" coupling are substantially

increased, while those for processes involving hV V , hq̄q, or hgg are only slightly reduced. As before,

for purposes of illustration, we will focus on the benchmark point (sin # = 0.55, tan $ = 3), which

exemplifies this situation nicely. In Fig. 9, we show the e!ect of the coupling-constant modifications

on the discovery potential of a light Higgs boson for this particular benchmark point. In the

right-hand panel, the statistical significance associated with each of the relevant leptonic channels

discussed in Section 5 is displayed as a function of Higgs mass for our chosen benchmark point in

the L2HDM. The SM results for the same processes are shown in the left-panel for comparison.

The results in each panel correspond to an integrated luminosity of L = 30 fb!1.

It is apparent from Fig. 9 that qq" " qq"h(h " %+%!) is one of the most promising detection

channels for the chosen benchmark point in the L2HDM, as in the SM. For this particular choice

of parameters, !V !! # 1 and "tot(h) does not deviate drastically from "SM
tot (h) (see Fig. 8), and

consequently the overall significance level in this channel is essentially unchanged from its SM value.

However, in other regions of parameter space, drastic amplifications can occur: for example, the

choice (sin # = 0.3, tan $ = 7) results in a amplification of the statistical significance for the same

process by a factor of ! 4. It should also be noted that in the (sin # = 0.55, tan $ = 3) case, the

significance levels for both gg " h " %% and tt̄h(h " %%) also exceed 5&. The processes in which

the Higgs decays to muons are statistically less significant, but also provide strong evidence at the

3& level with ! 100 fb!1 of integrated luminosity. Indeed, the evidence for such a Higgs boson

would be dramatic and unmistakable. Furthermore, once the Higgs is observed in any of the muonic

channels, the excellent invariant-mass resolution of the muon pairs can be used to determine the

value of mh with a very high degree of precision.
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Figure 9: Plots of the statistical significances in the leptonic channels discussed in Section 5 for
30 fb!1 of integrated luminosity at the LHC. The left-hand panel displays the results for the SM.
The right-hand panel displays the results for (sin# = 0.55, tan $ = 3), in the L2HDM. The
Standard-Model results are taken from [1, 34, 35, 38, 39].

While the significances in those channels which involve a leptonically-decaying Higgs can poten-

20

Su & Thomas, PRD 79,

095014 (2009)
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Figure 10: The left-hand panel in this plot displays the statistical significances in the non-leptonic
channels that contribute significantly to the discovery potential of a light Higgs boson in the SM
for 30 fb!1 of integrated luminosity at the LHC. The right-hand panel shows the corresponding
significances in the L2HDM with (sin ! = 0.55, tan " = 3). As in Fig. 9, the Standard-Model
results are taken from [1, 34, 35, 38, 39].

tially be amplified in L2HDM, those in other channels useful for the detection of a SM Higgs may

be substantially suppressed. This is illustrated in Fig. 10, which shows the significance of discovery

in each individual channel which contributes meaningfully to the discovery potential of a SM Higgs

boson in the low to intermediate-mass region, both in the SM (left-hand panel) and in the L2HDM

at the benchmark point (sin ! = 0.55, tan " = 3) (right-hand panel). In the latter case, there is

no single, non-leptonic channel in which evidence for the Higgs boson can be obtained at the 5#

level. To further illustrate the point, in Fig. 11, we display the combined statistical significances

for the leptonic channels discussed in Section 5, as well as the combined significances for all other

relevant channels for Higgs discovery, both in the SM and in the L2HDM at the benchmark point

(sin ! = 0.55, tan " = 3). Indeed, for this particular parameter choice, all relevant non-leptonic

channels are suppressed relative to their Standard-Model to such an extent that, for most of the

120 GeV ! mh ! 140 GeV mass window displayed in the plot, their combined significance does not

even provide 3# evidence for — much less a 5# discovery of — a light Higgs boson. On the other

hand, statistical significance for leptonic Higgs decay channels are enhanced, therefore becoming

the dominant discovery channels for the light CP -even Higgs in the L2HDM model. This clearly

illustrates the crucial role leptonic channels can play in the LHC phenomenology of models with

extended (and particularly leptophilic) Higgs sectors.

We emphasize that these plots represent the results for a single benchmark point, and one in

which the $-factors are not particularly extreme. There exist other points in the parameter space

of the model allowed by all constraints for which the deviations of the e!ective couplings of h to

the other fields in the theory are even more severe. As an example, consider the case in which

sin ! = 0.65 and tan " = 2.2, for which $q = 0.84, $! = !1.57, and $W,Z = 0.30. For this choice

21
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Top-Higgs

Dedicated Higgs doublet (possibly composite) to generate most

of top quark mass

Add-on for models of dynamical EWSB: technicolor, 3-site Moose

Top-Higgs doublet has vev f = vSM sinω

Top-Higgs particle HT couples only to tt̄, WW , ZZ at tree level

- WW , ZZ couplings suppressed ∼ sinω

- tt̄ coupling enhanced ∼ 1/ sinω

gg → HT enhanced ∼ 1/ sin2 ω

HT BRs significantly modified below WW threshold:

no b̄b, ττ decays; gg dominates

Heather Logan (Carleton U.) Higgs pheno beyond the SM CAP Congress 2011
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Top-Higgs

sinω = 0.5 −→ σ(gg → HT )/SM ' 4

Tevatron-combined dedicated gg → H →WW limit from arXiv:1005.3216
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Lee-Wick Standard Model

Exotic approach to solve hierarchy problem by implementing

Pauli-Villars with actual physical fields.

Grinstein, O’Connell, & Wise, PRD 77, 025012 (2008)

Partner fields have opposite sign quadratic Lagrangian terms.

- Seems to violate microscopic causality (!!!)

- Macroscopically all right; unitary at all orders; EW precision

constraints satisfied.

Interesting Higgs sector feature is novel mixing structure:(
h
h̃

)
=

(
cosh θ sinh θ
sinh θ cosh θ

)(
h0
h̃0

)

Usual ḡ2
hWW + ḡ2

HWW = 1 sum rule becomes ḡ2
h0WW− ḡ2

h̃0WW
= 1.

Simultaneously get enhancement of fermion couplings.

Only new free parameter is mass ratio r = Mh0
/Mh̃0

.

Heather Logan (Carleton U.) Higgs pheno beyond the SM CAP Congress 2011
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Lee-Wick Standard Model
Alvarez, Leskow, & Zurita, arXiv:1104.3496

performed by LEP and Tevatron. This analytic discussion is complemented by the quanti-

tative numeric analysis performed in next sections by the implementation of HiggsBounds

2.1.0 .

As a first step it is interesting to plot (Fig. 1a) the relative couplings gh0V V , gh̃0V V and

gh0ff̄ (which is equal to gh0gg = −gh̃0gg = −gh̃0ff̄ ) as a function of their only variable,

r. Both g2
h0gg and g2

h0V V are greater than one, and this has direct implications in collider

physics bounds: at LO, the SM-like Higgs production cross sections in all relevant channels

at LEP, Tevatron and LHC (gluon fusion, vector boson fusion, Higgs-strahlung, associated

production with gauge bosons and/or heavy quarks, bottom fusion) are always larger that

the SM ones. In particular, this implies that the LEP 114.4 GeV bound on the SM Higgs

would also apply to h0, as argued in Ref. [25].

(a) (b)

FIG. 1. (a) From top to bottom, relative couplings of the neutral SM-like Higgs to fermions gh0ff̄

(which is equal to gh0gg = −gh̃0gg = −gh̃0ff̄ ), to gauge bosons gh0V V , and of the LW CP-even Higgs

to gauge bosons gh̃0V V , as a function of the ratio of the physical masses, r. Notice the increase

in the couplings for r → 1, while for r → 0, h0 behaves as the SM Higgs. We also note that

gh0ff̄ > gh0V V and g2
h̃0V V

< g2
h0V V hold. (b) g2

ggP̃
as a function of mP̃ in GeV. Notice that the

σ(gg → P̃ ) cross section is always greater than the corresponding value for a SM (CP-even) Higgs

of the same mass, and that this relative coupling peaks at the value 2mt.

The effective couplings in Fig. 1a are monotonic functions of the variable r. Moreover,

10

r = Mh0
/Mh̃0

(a) (b)

FIG. 5. Total cross section times branching ratio of the lightest CP-even Higgs boson h0 in the

(a) γγ and (b) WW channels. The red points are excluded by current collider data, while the

blue points are not. We only show here points satisfying the b → sγ constraint. The LHC reach is

shown for three different integrated luminosities: 1 fb−1 (solid line), 5 fb−1 (dashes) and 10 fb−1

(dots)

is at most 5 %. This means that, at the LHC, it would be impossible to distinguish this

scenario from the SM in the diphoton channel, since in the 120 − 140 GeV range a change

of at least 20% is necessary [44].

As for the gauge boson channel, we see that the increase is of at most 30% (60 %) for

a 160 (200) GeV Higgs. In this case one can distinguish the LW Higgs from the SM if the

enhancement is larger than 10 %, with 300 fb−1 of data [45].

From Figure 5 it can be seen that, with 1 fb−1 of data, the WW channel would already

be able to exclude most of the points, except for bosons with masses above ∼ 180 GeV, or

below 120 GeV. For the heavy mass range, the ZZ decay mode can exclude an important

fraction of points already with this luminosity, and for higher luminosities both channels

completely cover this area. For an integrated luminosity of 5 fb−1, one probes masses larger

than 128 GeV, while in the optimistic scenario of 10 fb −1 the exclusion extends to 120 GeV

masses.

The 120 GeV limitation is simply due to the fact that both CMS [42] and ATLAS [41]

cut off the analysis of these channels at 120 GeV. However, the recent update of ATLAS for

19
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To test SM Higgs mechanism, need to measure Higgs couplings.

SM: coupling of Higgs to each

SM particle already fixed by

known particle masses.

BSM: pattern of deviations from

SM expectations characterizes

BSM model.

Model-independent Higgs coupling measurements are one of the

main selling points of ILC.

Coupling extraction more challenging at LHC due to absence of

direct measurement of Higgs production cross section(s).
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Measure event rates at LHC: sensitive to production and decay

couplings.

Rateij = σiBRj = σi
Γj

Γtot

Main difficulty: “flat direction” in the fit.

Allow an unobserved decay mode while simultaneously increasing

all couplings by a factor a:

Rateij = a2σSM
i

a2ΓSM
j

a2ΓSM
tot + Γnew

Ways to deal with this:

- assume no unobserved decays

- assume HWW,HZZ couplings no larger than in SM

- include direct measurement of Higgs width (heavier masses)∗

∗new
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Get ratios of Higgs couplings-squared from taking ratios of rates.
Full coupling extraction: assume no unexpected decay channels,
assume b̄b/ττ = SM value. MH = 100–190 GeV

Zeppenfeld, Kinnunen, Nikitenko, Richter-Was, PRD62, 013009 (2000); Les Houches 1999

Add tt̄H, H → ττ channel to improve tt̄H constraint.
MH = 110–180 GeV Belyaev & Reina, JHEP0208, 041 (2002)

Fit assuming WWH,ZZH couplings bounded from above by SM
value. MH = 110–190 GeV

Dührssen, Heinemeyer, HEL, Rainwater, Weiglein, & Zeppenfeld, PRD70, 113009 (2004)

More careful analysis of probability density and correlations, using
updated expt studies. Assume no unexpected decay channels.
MH = 120 GeV Lafaye, Plehn, Rauch, D. Zerwas, & Dührssen, JHEP0908, 009 (2009)

New approach for heavier Higgs (& 190 GeV) using direct Higgs
width measurement from H → ZZ → 4` lineshape. MH = 190 GeV

HEL & Salvail, in preparation
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-1WBF: 2*100 fb

Dührssen, Heinemeyer, HEL, Rainwater, Weiglein, & Zeppenfeld, PRD70, 113009 (2004)

- 10%–50%+ uncertainties on couplings-squared.
- Systematic & theory uncertainties are important.
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Figure 1. Profile likelihoods (left) and Bayesian probabilities (right) for the WWH , ttH , and bbH

couplings. Not allowing for additional ggH or ""H couplings we show results for 30 fb!1 and for

300 fb!1 in the upper and lower rows. The Higgs mass is chosen as 120GeV. All experimental

and theory errors are included. Here and in all other figures we assume the WWH coupling to be

positive, i.e. !WWH > !1.

Markov chain and then slowly concentrate on one structure. This cooling significantly

improves the resolution of local structures around a peak and thereby yields a much better

resolution for profile likelihoods. More details of this approach we give in appendix B.

4.1 Parameters and correlations

Given the set of measurements described in section 2 it is obvious that most of the Standard

Model couplings should be accessible to a full analysis. Nevertheless, we start with a

minimal set of Higgs sector parameters in which we only allow for tree-level couplings to

all Standard Model particles. This implies that there are no new particles contributing to

the e"ective ggH and ""H couplings. Since we compute the Higgs width as the sum of all

visible partial widths, a measurement of the bottom Yukawa constitutes the main fraction

of the Higgs width.

Based on the studies of weak boson fusion we limit our study to low-luminosity running

and a conservative integrated luminosity of 30 fb!1. We can easily test how constraining

this assumption is for our analysis: without including any e"ective higher-dimensional

– 14 –

30 fb−1

300 fb−1

120 GeV

Lafaye, Plehn, Rauch, D. Zerwas, & Dührssen, JHEP 0908, 009 (2009)

- Correlations in parameters are also important

- Results depend on what coupling freedom is assumed

(here: no additional Hgg, Hγγ contributions)

Heather Logan (Carleton U.) Higgs pheno beyond the SM CAP Congress 2011

34



Can we make model-independent measurements?

Rateij = a2σSM
i

a2ΓSM
j

a2ΓSM
tot + Γnew

Consider extraction of Higgs couplings when Higgs total width
is a directly measurable observable.

284 Chapter 10. Standard Model Higgs Bosons
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Figure 10.11: Measured width of the Higgs boson mass peak, obtained from a Gaussian fit to the
peak, as a function of the true Higgs mass. The true width from theory is also shown.

where ∆stat, ∆syst, ∆L and ∆B are the statistical uncertainty, the systematic uncertainty
from the event selection, the uncertainty on the luminosity measurement and the back-
ground systematic uncertainty, respectively.

The statistical uncertainty ∆stat is shown in Table 10.6 for an integrated luminosity 30 fb−1,
as a function of mH .

The total systematic uncertainty arising from the offline reconstruction and event selection
can be summarised as:

∆syst2 = 2∆�2e + 2∆�2µ + ∆�2iso

where ∆�e is the uncertainty in the reconstruction efficiency for electrons, estimated to be
around 1% per electron [469], ∆�µ is the uncertainty in the muon reconstruction efficiency,
which has been shown to be measurable to be better than 1% per muon [467], and ∆�iso
is the uncertainty in the efficiency of the isolation cut, estimated in the H → ZZ(�) → 4µ
analysis [467] to be around 2% per event. This gives a total uncertainly ∆syst =3%.

The uncertainty on the measurement of the LHC luminosity ∆L is expected to be around 3%
at the 30 fb−1. The background uncertainty ∆B is discussed in Section 10.2.1.6.

Table 10.6: Statistical uncertainty on the measurement of the mass, width and production cross-
section of the Higgs boson.

mH (GeV/c2) 115 120 130 140 150 160 170 180 190
∆Stat(mH)(%) 0.722 0.512 0.335 0.206 0.193 0.256 0.388 0.27 0.134
∆Stat(ΓH)(%) - - - - - - - 54.8 17.6
∆Stat(σH)(%) 75 55.6 28.6 18.2 16.5 23.1 39.2 23.7 11.5
mH (GeV/c2) 200 250 300 350 400 450 500 550 600
∆Stat(mH)(%) 0.145 0.207 0.328 0.408 0.588 0.896 1.25 1.62 2.43
∆Stat(ΓH)(%) 14.4 7.38 8.2 5.43 5.8 5.91 6.52 6.61 8.36
∆Stat(σH)(%) 11.5 13 14.4 13.8 14.9 18 21.2 25.9 32.3

We study

MH = 190 GeV.

Method applicable

also at higher

Higgs masses.

CMS TDR (2006), Vol. 2 (Physics), chap. 10
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Total width:
17.6% for 30 fb−1, 9.6% for 100 fb−1 CMS TDR (2006), Vol. 2 (Physics)

Rates:

Production Decay 30 fb−1 100 fb−1 “contamination”
GF ZZ → 4` 14% 7.9% VBF ∼ 14% a

VBF ZZ → 4` 24% 13% GF ∼ 21% a

GF WW → ``pmiss
T 9.6% 5.3% VBF ∼ 2.8% a

VBF WW → eµpmiss
T 14% 7.6% GF ∼ 7.8% a

VBF WW → (ee, µµ)pmiss
T 15% 8.1% GF ∼ 7.2% a

VBF WW → `νjj 16% 8.9% (none) b

a Dührssen, ATL-PHYS-2003-030 b Pi et al, CMS-NOTE-2006-092

- All uncertainties statistical only.
- All studies 30 fb−1 at 1 detector at 14 TeV; we scale by

√
3/10

for 100 fb−1 estimate.

Parametrization of new physics:

Γtot = ΓW + ΓZ + Γnew ΓW = ḡ2
WΓSM

W ΓZ = ḡ2
ZΓSM

Z

σGF = ḡ2
gσ

SM
GF σVBF = [0.73ḡ2

W + (1− 0.73)ḡ2
Z]σSM

VBF
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Results: 3-parameter fit, 30 fb−1 ḡ2
V ≡ ḡ2

W = ḡ2
Z, ḡ2

g , Γnew/ΓSM
tot

HEL & Salvail, in preparation

δḡ2
V ' 8%, δḡ2

g ' 11%, Γnew/ΓSM
tot . 24% at 95% CL
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Results: 3-parameter fit, 100 fb−1 ḡ2
V ≡ ḡ2

W = ḡ2
Z, ḡ2

g , Γnew/ΓSM
tot

HEL & Salvail, in preparation

δḡ2
V ' 4.5%, δḡ2

g ' 5.8%, Γnew/Γtot . 12% at 95% CL
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Conclusions

SM Higgs discovery or exclusion is imminent!

A signal in one of the SM Higgs search channels will have imme-

diate impact on BSM Higgs scenarios.

Higgs coupling measurements are key to understanding structure

of Higgs sector.
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