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Outline


 why “Today” is so special for HEP:


 historical prologue


 LHC : where we stand today


 status of SM Higgs boson searches 


 a fermiophobic Higgs scenario
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from  NY Times, 19 June 2012   


What they are looking for is the beginning to the end of the 
longest and most expensive manhunt in the history of 
physics, one that has involved several generations of larger 
and larger particle accelerators ...
... Known as the Higgs boson, it is the cornerstone of modern 
physics, but confirmation of its existence has eluded 
scientists for 40 years.
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“New Data on Elusive Particle Shrouded in Secrecy”



http://topics.nytimes.com/top/reference/timestopics/subjects/h/higgs_boson/index.html?inline=nyt-classifier

http://topics.nytimes.com/top/reference/timestopics/subjects/h/higgs_boson/index.html?inline=nyt-classifier
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Historical Prologue
 Lausanne-Geneva Workshop  (21-27 March 1984)
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first public discussion 
on the LHC project
(28 years ago ...)


*Note : 
LEP approved in 1981;
W discovery at CERN 
ppbar collider in 1983 


pp (ppbar)  Collider 
with √S ~ 10-20 TeV 
and L~ 1033(31) cm-2s-1 


probes interactions at  
 √S’~ o(TeV)→ 10-17 cm
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  LHC Physics Case in ’84  (ECFA 84/85,CERN 84-10)


 Exp’s in 70’s and early 80’s  beautifully confirmed the 
gauge theory picture of fundamental interact’s based on 
            SU(3)C x SU(2)L x U(1)Y
that solved problems arised in 30‘s to 60‘s related to :


 “not the end of the story but the opening of a new 
chapter”
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Origin of mass: the Higgs mechanism ?
in the SM all fundamental fields (EW gauge bosons + 
fermions) acquire mass through the Higgs mechanism


 (symmetry-breaking) mass terms arising from scalar-field v.e.v. 


 keeps the theory renormalizable


 Higgs boson treats disease in the WLWL scattering :


                                   violates pert. unitarity at
                                   √S ~ 1-2 TeV  !


 NOTE !  
in case Higgs boson (with mH<700 GeV)  is not there, 
something else (beyond SM) must solve this problem !
Hard to think LHC will not meet the challenge !
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EWSB requires new phenomena at the TeV scale


Higgs is a peculiar object : first fundamental scalar 
field  (could be just an “effective description” of EWSB)
problem with scalar fields :


                                          


                       no symmetry in the SM protects                      
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LHC : where we are today (pp collisions)


 in 2010, LHC delivered ~ 45 pb-1 at √S= 7 TeV
(enough to improve bounds on direct signals from BSM models 
with respect to Tevatron limits)


in 2011, LHC delivered ~ 5 fb-1  at √S= 7 TeV   


in 2012, LHC delivered up to now ~ 6.6 fb-1  at √S= 8 TeV  


 ATLAS and CMS  bounds on direct signals from BSM models:
                             (mass bounds  from  ~ 5 fb-1 at 7 TeV) 
     SUSY  (cMSSM, mq = mg)  >  1.4 TeV ; 
      Gauge bosons (SSM)        >  2.2 TeV ; 
      Excited quarks                            >  3.3 TeV ;
further ~ 10 fb-1 expected by end of 2012 
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hot days for Higgs physics at LHC !


 we  are  about to complete 
the SM-Higgs  search-phase, 
and  find  out  whether :


there is a SM-Higgs-like signal !
 ➜ start testing its properties


there is not a SM-Higgs-like signal !!!
         ➜ what is there instead ?   
         ➜ it will take longer ...


exp results presented here are according to Moriond 2012 (March 2012) 


CERN seminar at 9:00 CEST on 4 July to deliver the latest update in Higgs search
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How Higgses are born – SM 


Sep 1, 2011 - LHC implications André David (LIP) 


!! Gluon 


fusion 


!! VBF 
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!! ttH 
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Higgs production (needs H coupled to heavy p.les !) 
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Higgs production and decay: at low mH many channels contributing 
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σ x BR  [pb]    (rate / signature)
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Cross Sections for Key SM Background Processes 
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ATLAS+CMS Channels Weight
Distinct mass regions !!, l"l", 4l, ll""+llqq
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   present exclusion bounds on SM Higgs
well-deep into the yet-unexplored regime by LEP 
and Tevatron                                          
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low-mH region  in  Atlas  and  CMS
~ 2 sigma excess in  H ➜ γγ  in 2011 data 
  at   mH ~  126  and  124 GeV,  respectively
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Zoom on the low Higgs Mass


If the Higgs is SM-like, mass range between 115 GeV and 130 GeV 
is preferred both from direct searhes as well as from indirect precision 
tests.  Interesting excess in the region of Higgs masses close to 125 GeV.


95% CL exclusion on the signal strength 


!"#$%&'(&)*+)& !"#$,&-./#.&01&2"3&4./5,& 67&


89::&;"<<&#"35/& =,>&;"<<&#/5.,3&


1!2&?,$9;/3@&&


ABCD+)D**E&Combined exclusion limit


Zoom in:


Expected exclusion at 95% CL: 120-555 GeV


Observed exclusion at 95% CL: 110-117.5, 118.5-122.5, 129-539 GeV


Observed exclusion at 99% CL: 130-486 GeV


Introduction / High-mH search: !!νν, !!jj, !νjj / Low-mH search: 4!, γγ • !ν!ν, bb, ττ / Combination / End? 21/24


Thursday, May 31, 2012
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 many production  channels :


 and  decay  channels :


contributing at a detectable level !


a common rescaling of all couplings can be accomodated by  
an  extra invisible (=non-detected)  contribution  to  Γtotal


bonus  at  mH ~ 125 GeV
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1 Introduction


Identifying the mechanism of electroweak symmetry breaking is the main goal of the Large


Hadron Collider (LHC). In the standard model (SM) the electroweak symmetry is broken due


to the existence of an elementary scalar particle — the Higgs boson [1, 2, 3, 4, 5]. Based on


data collected in 2011, both the ATLAS and CMS experiments at the LHC published results of


their searches for the SM-like Higgs boson that, yet inconclusively, support its existence with


a mass mh ≈ 125 GeV [6, 7, 10]. Those results have been recently updated at the Moriond


2012 conference, where all the Tevatron and LHC collaborations presented their updated Higgs


boson searches as well as some new results. The combined Tevatron analysis of all collected


data confirms the LHC excess around 125 GeV in the h → bb̄ channel at 2.6σ level; CMS


presented an improved γγ analysis; ATLAS presented new WW ∗, bb̄ and τ τ̄ searches with


full 2011 luminosity. Furthermore, both the ATLAS and CMS experiments showed results of


searches for a fermiophobic (FP) Higgs boson in the h → γγ channel that both show a positive


hint around 125 GeV with local significances about 3σ. This excess is consistent with the total


inclusive γγ rate observed by the LHC [11].


Accidentally, mh ≈ 125 GeV is a particularly fortunate value for the LHC, because, accord-


ing to the SM predictions, various Higgs boson search channels are measurable. Those arise


from a combination of SM Higgs boson branching fractions [8]


BR(h → bb̄) = 58%, BR(h → WW ∗) = 21.6%, BR(h → τ+τ−) = 6.4%,


BR(h → ZZ∗) = 2.7%, BR(h → gg) = 8.5%, BR(h → γγ) = 0.22%,


BR(h → cc̄) = 2.7%


(1)


and production mechanisms with cross sections [9]


σ(pp → h) = (15.3± 2.6) pb, σ(pp → jjh) = 1.2 pb,


σ(pp → Wh) = 0.57 pb, σ(pp → Zh) = 0.32 pb,
(2)


named gluon-gluon fusion (gg → h), vector-boson fusion (VBF) and associated production


with W and Z bosons (Vh). Because different search categories are sensitive to different Higgs


boson couplings, the LHC can study the properties of a Higgs boson with mh ≈ 125GeV and


test if it follows the SM predictions or is affected by new physics.


With the presently collected statistics none of the search channels alone is sensitive to


the SM Higgs boson nor are the combined results of Tevatron, ATLAS and CMS statistically


conclusive. Therefore one expects large statistical fluctuations of the expected signal in all


the search channels. Indeed, all measured LHC γγ rates, dominated by the new results in


the VBF category, have central values above the SM prediction while all the WW ∗ rates have


central values consistently below the SM prediction. On the one hand, those anomalies may be


statistical fluctuations. On the other hand, they may signal new physics beyond the SM. From


a theoretical point of view, reconstructing the Higgs boson properties is an important way to


address the main issue that LHC can clarify: is there a natural reason behind the the smallness


of the weak scale, mh # MPl? Indeed, if the weak scale is naturally small, one expects that


the new physics that cuts off the top loop contribution to m2
h (such as light stops at the weak


scale in supersymmetric models) also affects the gg → h and h → γγ rates. Therefore a global
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Main production mechanisms of the Higgs at hadron colliders:


A. Djouadi, 0503172


Among them gluon fusion is the dominant mechanism!


Main Higgs Production channels at Hadron Colliders


Bσ(pp̄ → h → XSM ≡ σ(pp̄ → h)
Γ(h → XSM)


Γtotal


The event rate depends on three quantities


 In this talk, we shall concentrate on diphoton rate enhancement induced by a modified width of the Higgs decaying to diphotons. 


)


Paris
18/11/11 gigi.rolandi@cern.ch  HCP2011 /33


Higgs production pp@2TeV vs pp@7Tev


4


x 15 gg!H


x 3  qq!WH
Thursday, May 31, 2012


event rates depend on 
 3 quantities !


(to keep in mind for a 
model independent analysis)







Barbara Mele     LNF,  27  June  2012


H  coupling  measurements 
bounds and couplings are determined 
by measurements of


coupling absolute-value 
determination is model dependent !
presently-inconclusive exercise ...


19
Giardino et al,
arXiv:1203.4254
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Figure 8: The best-fit signal strength µ = σ/σSM as a function of the Higgs boson mass hypothesis for


the H → γγ (a), the H → ZZ(∗) → !+!−!+!− (b) and H → WW (∗) → !+ν!−ν (c) individual channels.


The µ value indicates by what factor the SM Higgs boson cross-section would have to be scaled to best


match the observed data. The light-blue band shows the approximate ±1σ range.
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The diphoton rate looks somewhat high at this point, but more data are 
necessary in order to reach a robust conclusion on this relevant issue


H → WW (∗) → !ν!ν: Background compatibility
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Higgs limits


• bounds and couplings are determined by measurements of


• two possibilities for heavy Higgses:


1)                         2)        σp < σSM
p BRd < BRSM


d


[Atlas Conf-2011-163]


κp,d = (σp × BRd)/(σp × BRd)SM fixed as a consequence of EWSB 
and fermion masses in the SM


non-standard/
anomalous/exotic 
Higgs !!
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Big  hierarchy  in 
observed fermion  mass  


spectrum
( mf’s   , or  YHff’s )


WHY is that ?


... no explanation for mf’s 
hierarchy  in the SM  !
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a non-standard scenario :
a Fermio-Phobic ( FP ) Higgs


21


f
W,Z


HH


no Yukawas at tree-level !
the Higgs mechanism gives rise to EWSB and MW,Z ,  
as in the SM, but is not responsible for ChSB and mf’s 


hierarchy  in  mf’s  ?
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 Higgs decays :  FP vs SM


 H ➜ WW, ZZ, γγ, Zγ    enhanced at low mH  !


22


How Higgses decay – SM 


Sep 1, 2011 - LHC implications André David (LIP) 


!! Direct decay to massive 
particles. 


!!Coupling and kinematics 
drive BR (bb, WW, ZZ). 


!! Decays to massless 
particles (!!) only 
through loops. 


!!Mainly W loops. 


!!Very suppressed BR. 


http://goo.gl/uiWwA 5 


SM Higgs FP Higgs


How Higgses decay – FP 


Sep 1, 2011 - LHC implications André David (LIP) 


!! Very large enhancement for!!: FP experimental workhorse. 


!! LHC using 5% BR uncertainty for unknown electroweak corrections. 


http://goo.gl/tRZI7 


LHC 


11 


for mH ~[100,110,120,125] GeV :  BR(γγ)FP ~[110,30,10, 6.7] xBR(γγ)SM  


https://twiki.cern.ch/twiki/bin/view/LHCPhysics/Fermiophobic


[through W loops (no-top loops)]
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 Higgs  cross sections : FP vs SM


23


How Higgses are born – SM 


Sep 1, 2011 - LHC implications André David (LIP) 


!! Gluon 


fusion 


!! VBF 


!! VH 


!! ttH 


Total SM Higgs cross sections at the LHC
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4 


harder PT(H) spectrum ➜ better S/B !


dominant  gg ➜ H  channel  lost !
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σ x BR:  FP(mostly VBF)  vs  SM(mostly gg)


for MH ~ 120 GeV, 
comparable SM and FP 
rates in
WW, ZZ, γγ, γZ
( larger BRFP compensates
  for lower x-sections !)


for MH < 120 GeV, 
excess over SM 
in all decay channels 
WW, ZZ, γγ, γZ


24


https://twiki.cern.ch/twiki/bin/view/LHCPhysics/Fermiophobic


Fermiophobic Higgs Model 
! " Assume Yukawa coupling off and SM like HVV coupling. 


! " For Higgs production cross sections, NNLO VBF, WH/ZH numbers can be used. 


! " EW radiative corrections are unknown in fermiophobic scenario, assign ±5%. 


Aug. 29, 2011! LHC Higgs Cross Section Working Group! !"!
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exp lower bounds on FP mH  (95% CL)


quite a number of exp studies on tree-level FP scenario
 


 LEP ➜ 109.7 GeV (comb. γγ data on 4 exps, hep-ex/0212038) 
                       (108.3 GeV, comb. γγ +WW* in L3)


 CDF ➜ (100-114) GeV  7.0 fb-1 


 D0   ➜ (100-112.9) GeV  8.2 fb-1 


 CMS ➜ (110-124), (128,136) GeV  4.8 fb-1, 7 TeV


 Atlas➜(110.0-118.0)(119.5-121.0) GeV,4.9 fb-1 7TeV


25
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hint of a FP Higgs at ~ 125 GeV


➜ dedicated fermiophobic 
Higgs analysis 
enhancing efficiencies on 
high-pT γγ  events


26
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bic signal with the given mH (dashed line). The open points show the observed p0 when the uncertainty
on the photon energy scale is considered.
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Higgs boson normalised to the fermiophobic cross section times branching ratio expectation (σ f ) as a
function of the Higgs boson mass hypothesis (mH).


6 Conclusion


A search for a fermiophobic Higgs boson in the diphoton final state using data corresponding to an in-
tegrated luminosity of 4.9 fb−1 collected by the ATLAS experiment has been presented. In the considered
benchmark model the Higgs boson has vanishing couplings to all fermions and the coupling strengths
to bosons are the same as in the SM. Furthermore, the Higgs pT distribution is larger compared to the
SM case, which gives additional discrimination from the background. The largest excess with respect
to the background-only hypothesis is found at 125.5 GeV, with a significance of 1.6 standard deviations
when taking the look elsewhere effect into account. The data exclude this benchmark model in the ranges
110.0 – 118.0 GeV and 119.5 – 121.0 GeV at 95% confidence level, compared to an expected exclusion
from 110.0 – 123.5 GeV.
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ATLAS-CONF-2012-13
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of diphoton momentum over invariant mass πγγ
T , were used for the four inclusive classes de-


fined by diphoton properties. The statistical approach considered in evaluating the limit is the
asymptotic CLs [32] approach using profile likelihood ratio as a test statistic, as documented
elsewhere [33]. Given the narrowness of the Higgs mass peak which has a resolution approach-
ing 1 GeV in the classes with the best resolution, the search is carried out with steps of 0.5 GeV
in the signal hypothesis mass.


All known sources of systematic uncertainties described in previous sections are included in
the likelihood model which is used for the limit setting. Systematic errors which are correlated
between event classes (theory, luminosity, photon and trigger efficiency, etc) are included as
common nuisance parameters in the likelihood model.


In the fermiophobic scenario the Higgs boson production is restricted to vector boson fusion
and associated production with vector bosons. The limit setting has been run for a signal model
including only boson coupling mechanisms and enhanced branching ratios as described in
Section 1.


Figure 4 shows the limit relative to the FP model expectation, where the systematic uncer-
tainties on the expected cross section and branching fraction are included in the limit setting
procedure. The contribution to the expected limit of the dijet and lepton tagged classes as
well as other four classes are shown separately. The expected exclusion limit at 95% CL covers
the mass range between 110-136 GeV, while the data excludes ranges from 110-124 GeV and
128-136 GeV. The excess of events around 126 GeV has been investigated in detail.
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Figure 5 shows the local p-value calculated, using the asymptotic approximation [33], at 1 GeV


CMSPASHIG-12-002


VBF kinematics (dominant)
easier to distinguish 
from bckgr


➜
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how radiative corr’s affect FP H scenario


switching off Yukawa couplings in the SM  
( and keeping non-vanishing  mf’s  ) 
gives  a  non-renormalizable  theory
 
➜ UV divergences do not cancel !!!


27
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how radiative corr’s affect FP H scenario


two possible ways to proceed :
 


construct a renormalizable FP extension of the SM 
(further d.o.f., e.g. 2HDM), and study a particular model


here we consider a more general approach :
treat the SM  with  all  Yf=0  and  mf’s ≠ 0 
as an  Effective Field Theory (EFT)


➜ get a unifying description of a wide class of 
possibilities, where one keeps the Higgs mechanism to 
generate MW and MZ , but mf’s have different origin !


28
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theoretical framework
in the SM, ChSB (mf ) and EWSB (MW,Z) generated by 
Higgs mechanism at the same scale ~ 


assume instead ChSB  and EWSB have different origin
switch off  Yf’s in the Lagrangian
mf’s generated by some new (unknown) mechanism set at 
a high-energy scale Λ (>> EW scale)
Higgs gives dominant contribution to MW and MZ


(contributions to EWSB arising from ChSB assumed small)


only SM degrees of freedom propagating at energies 
below Λ
a light Higgs


30


v = 〈H〉
L = YfH Ψ̄fΨf ⇒ mf = Yf v
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EFT approach connects  Λ  and  mH  scales
assume Yf’s vanishing at the scale   
(renormaliz. scale, related to mf’s generation)


due to ChSB,  Yf’s are not protected under radiative 
corrections ➜  radiatively generated (mf control param.)
large (universal) logs                      can be summed 
up by Renormalization Group Equation (RGE) technique


note ! SM RGE’s (where Yf’s and mf’s are related)  not 
suitable here ➜ new RGE’s derived by keeping Yf’s and 
mf’s as independent parameters !


31


Yf (Λ) = 0


Λ! mH


Yf (Λ) = 0 Yf (mH)
(high energy) (low energy)RGE


g2n
i logn (Λ/mH)


Yf (Λ) = 0


g2n
i logn (Λ/mH)
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diagrams contributing to Yf’s  beta function


32
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Figure 1: One-loop Feynman diagrams contributing, in the unitary gauge, to the β function of the


Yukawa couplings of up-type quarks U = {u, c, t}. Labels γ and g correspond to the photon and


gluon propagators, respectively. Diagrams in Figs. 1(a)-1(e) refer to the vertex corrections, while


1(f)-1(g) and 1(h)-1(k) refer to the Higgs boson H and the up-type quarks’ self-energy corrections,


respectively. The labels D = {d, s, b} and E = {e, µ, τ} stand for the down-type quarks and charged


leptons, respectively.
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where Tr stands for the trace, and the matrix Y is defined as


Y ≡ NcYUYU +NcYDYD +YEYE . (9)


In the above equations, we used the notation YU,D,E for the Yukawa couplings, that stands for
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1-loop RGE’s  for  Yf’s  (flavor diagonal)


33
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Results for Yt(mH)/YtSM and Yb (mH)/YbSM
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Figure 2: Absolute values of the effective Yukawa couplings for top quarks (left) and bottom quarks


(right), |Yf (mH)/YSM


f |, evaluated at the mH scale, and normalized to their respective tree-level SM


values, versus mH , and for different Λ’s. We assume YSM


t = 0.997 and YSM


b = 0.0284, corresponding,


respectively, to the pole masses mt=171.3 GeV and mb=4.88 GeV, and g2 = g2(MZ) in eq.(10).


GeV, the exactmH value depending on Λ. The effective top-Yukawa coupling is always negative


for mH > 100 GeV, while the bottom-Yukawa coupling is positive (negative) for values of the


Higgs mass below (above) the minimum of its absolute value.


In Table 1, we present the values of the effective Yukawa couplings for t, b, c quarks and


τ, µ leptons, as obtained by numerically solving eqs.(6)-(8), versus mH , and for Λ = 104,6,10,16


GeV. For reference, the corresponding Yukawa-coupling SM values [defined as in eq.(10), with


g2 = g2(MZ)], are given by YSM


t = 0.997, YSM


b = 0.0284, YSM


c = 9.54 · 10−3, YSM


τ = 0.0103,


YSM


µ = 6.15 · 10−4. One can see that effective bottom Yukawa coupling is of the order 10% of


YSM


b , in the mH and Λ ranges considered.


Table 1 also shows that the top-quark Yukawa coupling is at most O(10−2) − O(10−1),


for mH " (100 − 160) GeV. Then, in Higgs boson production at hadron colliders, the gluon


fusion turns out to be quite depleted with respect to the VBF mechanism. For larger mH (cf.


Fig.2), the top Yukawa coupling increases, and the cross section for gluon fusion can still be


competitive, and even larger than the VBF cross section.


In the following sections, after a few comments on the theoretical consistency of the present


approach, we will discuss the phenomenological implications of the present results.
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f |, evaluated at the mH scale, and normalized to their respective tree-level SM


values, versus mH , and for different Λ’s. We assume YSM


t = 0.997 and YSM


b = 0.0284, corresponding,


respectively, to the pole masses mt=171.3 GeV and mb=4.88 GeV, and g2 = g2(MZ) in eq.(10).


GeV, the exactmH value depending on Λ. The effective top-Yukawa coupling is always negative


for mH > 100 GeV, while the bottom-Yukawa coupling is positive (negative) for values of the


Higgs mass below (above) the minimum of its absolute value.


In Table 1, we present the values of the effective Yukawa couplings for t, b, c quarks and


τ, µ leptons, as obtained by numerically solving eqs.(6)-(8), versus mH , and for Λ = 104,6,10,16


GeV. For reference, the corresponding Yukawa-coupling SM values [defined as in eq.(10), with


g2 = g2(MZ)], are given by YSM


t = 0.997, YSM


b = 0.0284, YSM


c = 9.54 · 10−3, YSM


τ = 0.0103,


YSM


µ = 6.15 · 10−4. One can see that effective bottom Yukawa coupling is of the order 10% of


YSM


b , in the mH and Λ ranges considered.


Table 1 also shows that the top-quark Yukawa coupling is at most O(10−2) − O(10−1),


for mH " (100 − 160) GeV. Then, in Higgs boson production at hadron colliders, the gluon


fusion turns out to be quite depleted with respect to the VBF mechanism. For larger mH (cf.


Fig.2), the top Yukawa coupling increases, and the cross section for gluon fusion can still be


competitive, and even larger than the VBF cross section.


In the following sections, after a few comments on the theoretical consistency of the present


approach, we will discuss the phenomenological implications of the present results.
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Λ varied between  104 and 1016  GeV
because of terms            , Yf grows at large mH


for mH < <H> ~ 246 GeV,  all  Yf’s  perturbative !


ξH ≡ g2mH


2MW
ξH ≡ g2mH


2MW
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Results for  ΓH   and  BR’s  vs  Λ  
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Figure 1: Total Higgs-boson width versus mH , for different values of Λ. The curves labeled by SM


and FB correspond to the standard-model and the naive fermiophobic Higgs scenarios, respectively.


generated at one-loop after ChSB is introduced by non standard explicit fermion mass terms


in the Lagrangian.


In the model, there is just one new free parameter, the energy scale Λ, defined as the renor-


malization scale where all the Yukawa matrix elements (in flavor space) are assumed to van-


ish. This renormalization condition just sets the Higgs-fermion decoupling at the high-energy


Λ ! MW . In particular, we consider Λ in the range 10(4−16) GeV. Large logarithmic contri-


butions g2ni logn (Λ/mH) (where gi are the SM gauge couplings) to the Yukawa operators are


then expected at higher orders in perturbation theory that can be resummed via the standard


technique of the RG equations. Notice that the coefficients multiplying these log-terms are uni-


versal, that is independent of the structure of the UV completion of the theory. Therefore, they


can be calculated in the corresponding effective theory by evaluating the anomalous-dimension


matrix of the Yukawa couplings.


As anticipated, while radiative Higgs couplings to fermions in this scenario are smaller than


the corresponding SM Yukawa couplings, BR’s for fermionic Higgs decays can be conspicuous


for large Λ and mH <∼ 140 GeV. Indeed, the suppression of the fermionic Higgs couplings and


of the related fermionic Higgs widths is compensated for by the corresponding depletion in the


total Higgs-boson width. In Fig.1, the total Higgs-boson width is shown versus mH for different


values of Λ.
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Figure 2: Branching ratios for Higgs-boson decays into vector bosons or photons H →
WW,ZZ, γγ, Zγ, and fermions H → bb, cc, ττ versus Λ, for mH = 120 GeV (left) and 140 GeV


(right). Also shown is the branching ratio for the FC decay H → bs.


In Fig.1, and in all subsequent plots and tables, the SM and FP labels stand for the standard-


model and the naive fermiophobic Higgs scenario results, respectively†. Because of the fall in


the light-Higgs total width, values of BR(H → bb̄) as large as the SM ones can be obtained at


high Λ’s (cf. Table 1, taken from [4]). In particular, for mH " (100− 130) GeV and Λ " 1016


GeV, one gets BR(H → bb̄) " (82 − 10)% from radiative effects, to be compared with the


corresponding SM values BR(H → bb̄) " (82− 54)%.


In Fig.2, the BR’s for the main Higgs-boson decays into vector bosons and photons H →
WW,ZZ, γγ, Zγ and fermions H → bb, cc, ττ are shown versus Λ, for mH = 120 GeV (left) and


140 GeV (right). Also shown is BR(H → bs) that will be discussed in Sec. 5. The enhancement


of the decays into vector bosons and photons is remarkable (see also plots on the corresponding


ratios BR/BRSM in [4]). This is clearly a bonus for Higgs-boson searches at the LHC. On the


other hand, all the branching ratios BR(H → WW,ZZ, γγ, Zγ) are almost insensitive to the


scale Λ. On the contrary, the Higgs decays into fermions, although generally depleted with


respect to their SM rates, show a nice sensitivity to Λ, and can provide a handle for a possible


Λ determination. To this respect LHC can hardly contribute, while we will discuss in the


†We define as naive fermiophobic Higgs scenario, a model where all the Higgs fermionic couplings are assumed


to vanish at the EW scale, and the Higgs boson is coupled to vector bosons as in the SM.
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Figure 5: Higgs branching ratios normalized to the SM values, for the dominant decay channels,


versus mH , and for a few representative values of Λ. Note that the Zγ curves are the upper ones


among the almost degenerate WW , ZZ, and Zγ sets.
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Figure 10: Total cross sections times Higgs branching ratios, for pp collisions at the LHC with


c.m. energy
√
S = 7 TeV, for the Higgs decays H → γγ, Zγ, WW , ZZ, bb̄ versus the Higgs mass.


Continuous (red) lines correspond to the VBF and WH predictions in the effective Yukawas model,


for Λ = 104,6,10,16 GeV. The dashed (blue) lines and dot-dashed (grey) lines correspond to the SM


(mediated by either gg fusion, VBF or WH) and fermiophobic Higgs scenario (FP), respectively.
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nice sensitivity to Λ for mH lower than ~125 GeV !







Barbara Mele Roma,   7  October  2011


LHC (WH) : H ➜ γγ


38


100


101


102


 100  110  120  130  140  150


!
 "


 B
R


 [
fb


]


mH [GeV]


4
6


10


x=16


SM (VBF)


VBF


FP
# = 10x GeV


SM (gg)


LHC7 


H $ %%


10-1


100


101


 100  110  120  130  140  150


!
 "


 B
R


 [
fb


]


mH [GeV]


x=4


6


10


16


SM (VBF)


VBF


FP


# = 10x GeV
SM (gg)


LHC7 


H $ Z%


101


102


103


104


 100  110  120  130  140  150


!
 "


 B
R


 [
fb


]
mH [GeV]


x=4
6


10


16 SM (VBF)


VBF


FP


# = 10x GeV
SM (gg)


LHC7 


H $ WW


100


101


102


103


 100  110  120  130  140  150


!
 "


 B
R


 [
fb


]


mH [GeV]


x=4


6


10


16


SM (VBF)


VBF


FP


# = 10x GeV
SM (gg)


LHC7 


H $ ZZ


100


101


102


 100  110  120  130  140  150


!
 "


 B
R


 [
fb


]


mH [GeV]


4
6


10


x=16


SM (WH)


FP WH


# = 10x GeV


LHC7 


H $ %%


100


101


102


103


 100  110  120  130  140  150


!
 "


 B
R


 [
fb


]


mH [GeV]


x=16


10


6


4


SM (WH)
WH 


# = 10x GeV


LHC7 
H $ bb


Figure 10: Total cross sections times Higgs branching ratios, for pp collisions at the LHC with


c.m. energy
√
S = 7 TeV, for the Higgs decays H → γγ, Zγ, WW , ZZ, bb̄ versus the Higgs mass.


Continuous (red) lines correspond to the VBF and WH predictions in the effective Yukawas model,


for Λ = 104,6,10,16 GeV. The dashed (blue) lines and dot-dashed (grey) lines correspond to the SM


(mediated by either gg fusion, VBF or WH) and fermiophobic Higgs scenario (FP), respectively.
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to discriminate between the two scenarios yet. However,
the CMS H → γγ searches [8, 13] do include also the
exclusive VBF channel with dijet tagging as one of the
search categories, and the ATLAS inclusive search for
FP Higgs [12] is optimized to diminish the ggF contri-
bution. Because the signal exceeds expectations in those
searches, the present LHC results support the possibility
that the Higgs boson is fermiophobic.


The aim of this Letter is to emphasize that with a ded-
icated analysis optimized for the FP Higgs scenario the
LHC experiments will be able to test this scenario already
this year, possibly providing a first measurement of the
new physics scale Λ connected to the fermion masses gen-
eration. In the VBF production, the transverse momenta
of the forward jets coming from the scattered quarks bal-
ance the transverse momentum of the Higgs invariant
mass system, that is larger than the typical Higgs mo-
mentum in the ggF process [28]. This helps also for the
background suppression, as demonstrated in [12]. These
factors allow the experiments to discriminate between the
two dominant production mechanisms. The first LHC
searches [12, 13] prove that the FP Higgs scenario can
conclusively be tested with this year statistics surpassing
the existing LEP [29–32], Tevatron [33] and the previous
LHC bounds [34, 35]. Indeed, the LHC is much more
sensitive to the FP Higgs scenario than to any other new
physics scenario in which Higgs production is dominated
by gg → H, for example supersymmetry. To test super-
symmetric Higgs production one could need to measure a
few percent level deviations [36] from the SM prediction
which may require years of running.


The importance of testing the FP Higgs scenario at the
LHC goes far beyond ruling out or ruling in one particu-
lar new physics scenario. Clearly, if the FP Higgs is ruled
out, this implies that gg → H is the main Higgs produc-
tion mechanism as in the SM, and the Higgs Yukawa cou-
pling to top quarks is indirectly measured. On the other
hand, if the LHC experiments show that the presently
preferred ≈ 125 GeV Higgs boson is fermiophobic, our
current understanding of electroweak symmetry break-
ing and flavor physics must be revised. All models with
fundamental Yukawa couplings, including the SM and
the supersymmetric models, must be replaced with new
mechanisms, e.g., technicolor. One of the problems of the
SM is a lack of dark matter that in the FP Higgs frame-
work could be extra scalars that are stable due to matter
parity [37]. If the Higgs VBF and VH production pro-
cesses dominate, invisible FP Higgs boson decays [38–40]
into dark matter scalars are enhanced at the LHC due to
the increased branching fractions. This scenario may al-
ready have been hinted by the LHC WW ∗ data [41, 42].


A fermiophobic Higgs boson at the LHC. Here
we present the inclusive FP Higgs boson production in
the VBF, ZH and WH processes followed by decays into
gauge bosons. To calculate the production cross sections
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FIG. 1: Dependence of the inclusive cross-sections times
branching fraction for the FP Higgs boson decays into γγ,
WW ∗, ZZ∗ and Zγ (from up to down) on the Higgs mass
mH at 7 TeV LHC. Dash-dotted lines stand for the plain
FP model, while red continuous lines represent the FP model
with the inclusion of radiative corrections for several values
of the new-physics scale Λ = 104,6,10,16 GeV. The dotted lines
present the central values of the SM Higgs inclusive produc-
tion, together with the theoretical error shown by the green
band.
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to discriminate between the two scenarios yet. However,
the CMS H → γγ searches [8, 13] do include also the
exclusive VBF channel with dijet tagging as one of the
search categories, and the ATLAS inclusive search for
FP Higgs [12] is optimized to diminish the ggF contri-
bution. Because the signal exceeds expectations in those
searches, the present LHC results support the possibility
that the Higgs boson is fermiophobic.


The aim of this Letter is to emphasize that with a ded-
icated analysis optimized for the FP Higgs scenario the
LHC experiments will be able to test this scenario already
this year, possibly providing a first measurement of the
new physics scale Λ connected to the fermion masses gen-
eration. In the VBF production, the transverse momenta
of the forward jets coming from the scattered quarks bal-
ance the transverse momentum of the Higgs invariant
mass system, that is larger than the typical Higgs mo-
mentum in the ggF process [28]. This helps also for the
background suppression, as demonstrated in [12]. These
factors allow the experiments to discriminate between the
two dominant production mechanisms. The first LHC
searches [12, 13] prove that the FP Higgs scenario can
conclusively be tested with this year statistics surpassing
the existing LEP [29–32], Tevatron [33] and the previous
LHC bounds [34, 35]. Indeed, the LHC is much more
sensitive to the FP Higgs scenario than to any other new
physics scenario in which Higgs production is dominated
by gg → H, for example supersymmetry. To test super-
symmetric Higgs production one could need to measure a
few percent level deviations [36] from the SM prediction
which may require years of running.


The importance of testing the FP Higgs scenario at the
LHC goes far beyond ruling out or ruling in one particu-
lar new physics scenario. Clearly, if the FP Higgs is ruled
out, this implies that gg → H is the main Higgs produc-
tion mechanism as in the SM, and the Higgs Yukawa cou-
pling to top quarks is indirectly measured. On the other
hand, if the LHC experiments show that the presently
preferred ≈ 125 GeV Higgs boson is fermiophobic, our
current understanding of electroweak symmetry break-
ing and flavor physics must be revised. All models with
fundamental Yukawa couplings, including the SM and
the supersymmetric models, must be replaced with new
mechanisms, e.g., technicolor. One of the problems of the
SM is a lack of dark matter that in the FP Higgs frame-
work could be extra scalars that are stable due to matter
parity [37]. If the Higgs VBF and VH production pro-
cesses dominate, invisible FP Higgs boson decays [38–40]
into dark matter scalars are enhanced at the LHC due to
the increased branching fractions. This scenario may al-
ready have been hinted by the LHC WW ∗ data [41, 42].


A fermiophobic Higgs boson at the LHC. Here
we present the inclusive FP Higgs boson production in
the VBF, ZH and WH processes followed by decays into
gauge bosons. To calculate the production cross sections
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FIG. 1: Dependence of the inclusive cross-sections times
branching fraction for the FP Higgs boson decays into γγ,
WW ∗, ZZ∗ and Zγ (from up to down) on the Higgs mass
mH at 7 TeV LHC. Dash-dotted lines stand for the plain
FP model, while red continuous lines represent the FP model
with the inclusion of radiative corrections for several values
of the new-physics scale Λ = 104,6,10,16 GeV. The dotted lines
present the central values of the SM Higgs inclusive produc-
tion, together with the theoretical error shown by the green
band.
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and branching fractions in the FP Higgs scenario we in-
clude the radiative corrections due to the SM fermion
masses into our analyses following [24]. The radiative
corrections depend logarithmically on the unknown new-
physics scale Λ. We, therefore, treat this arbitrariness as
a theoretical uncertainty on our predictions for σ × BR
in the FP Higgs scenario.


As we discussed above, our aim is to compare the FP
Higgs signal with the SM-like Higgs signal at the LHC.
We, therefore, use the state-or-art estimation [43] of the
inclusive SM Higgs production cross section in ggF, VFB
and V H associate production channels to compare our
results with the SM predictions. In Fig. 1 we present our
results for σ ×BR in the γγ, WW ∗, ZZ∗ and Zγ chan-
nels both for the FP Higgs boson and for the SM Higgs
boson. Dash-dotted lines stand for the pure FP model.
The red continuous lines indicate the FP model with the
inclusion of radiative corrections for several values of the
new-physics scale Λ = 104,6,10,16 GeV. The dotted line
presents the central value of the SM Higgs inclusive pro-
duction together with the theoretical error [43] presented
by the green band. As seen in the upper panel of Fig. 1,
the predictions for the FP Higgs model and for the SM
Higgs in the γγ channel coincide if the Higgs boson mass
is around 123 GeV. This value is close to the central value
of the combined CMS Higgs signal. The ATLAS com-
bined analyses prefers a somewhat higher Higgs boson
mass, mH = 126 GeV. Since the γγ channel dominates
the excess in both experiments, we conclude, based on
the discussion above, that the FP Higgs boson mimics
the SM Higgs boson in the present searches. The two
models can be discriminated by performing a dedicated
search for the FP Higgs boson. The CMS exclusive VBF
analyses in the γγ channel demonstrates that this goal is
achievable.


Going beyond the γγ signal, we present in the lower
panels of Fig. 1 our predictions for the FP Higgs σ×BR
in the WW ∗, ZZ∗ and Zγ channels. Those are predicted
to be systematically lower than in the SM by a few tens
of percent. This is one of our key predictions for the FP
Higgs boson signal at the LHC that seems to be in qual-
itative agreement with the recently published combined
Higgs boson results. Thus the present experimental data
may support, although inconclusively, the FP Higgs pro-
duction pattern over the SM.


Based on the ATLAS and CMS results, we focus on the
Higgs boson mass region between 122 GeV and 126 GeV.
We plot in Fig. 2 our predictions for (σ × BR)FP /(σ ×
BR)SM for the different Higgs boson signatures assuming
mH = 122, 124, 126 GeV for two extreme values of the
scale Λ = mH , 1016 GeV. The squares represent the cen-
tral values of predictions, while the error-bars take into
account the uncertainty in the SM cross sections. The
theoretical uncertainties in the FP Higgs predictions due
to the unknown new-physics scale are shown by the effect
of the change in Λ. We can see that the γγ rates can be


Z!


ZZ
*


WW
*


!!


 0  0.5  1  1.5  2


("!BR)FP/("!BR)SM


122 


124 


126 


122 


124 


126 


122 


124 


126 


122 


124 


126 


#=1016GeV 


FP (#=mH)


LHC $S = 7 TeV mH [GeV]


FIG. 2: Relative magnitudes of the FP Higgs prediction
over a SM-like Higgs in different channels at the 7 TeV LHC
for mH = 122, 124, 126 GeV. The error bars correspond to
the SM cross section uncertainties. The red (upper) and blue
(lower) predictions show the theoretical errors associated with
the new-physics scale Λ. For LHC at 8 TeV, the results are
practically identical.


completely compatible with the SM ones. On the other
hand, the other gauge boson channels show a depletion
by a few tens of percents depending on the Higgs boson
mass. We have checked that the ratios in Fig. 2 are prac-
tically identical for the 8 TeV LHC, since the dominant
cross sections scale similarly with c.m. energy.
Although it is too early to draw statistically relevant


conclusions, one can be tempted to compare our results
in Fig. 2 with the CMS FP Higgs boson combination [26].
The latter reports a suppressed H → WW ∗ channel in
VBF. In addition, the global fit indicates a somewhat
suppressed FP Higgs production compared to the plain
FP model predictions. The pattern observed by CMS
could indeed be connected to a large Λ value.
Impact of the results on new physics scenar-


ios. Dedicated searches for the FP Higgs boson at the
LHC imply non-trivial results on fundamental physics
independently of the outcome. If the FP Higgs boson
will be ruled out by the LHC, the dominant Higgs pro-
duction is determined to be ggF. This implies that the
Higgs boson must have SM-like Yukawa couplings to
the top quark that can indirectly be measured. Con-
sequently, new physics scenarios like supersymmetry and
multi-Higgs models will be favored.
If the Higgs boson turns out to be fermiophobic, it


breaks the electroweak symmetry but does not give mass
to quarks and leptons. In this case our standard views
on electroweak symmetry breaking and on flavor physics
must be revised. A particularly interesting question is
what gives mass to the top quark. This would motivate
studies of the top quark couplings at the LHC with the
aim of finding unknown new physics that would be in-







Barbara Mele Roma,   7  October  2011


LHC (WH) : H ➜ bb


41


100


101


102


 100  110  120  130  140  150


!
 "


 B
R


 [
fb


]


mH [GeV]


4
6


10


x=16


SM (VBF)


VBF


FP
# = 10x GeV


SM (gg)


LHC7 


H $ %%


10-1


100


101


 100  110  120  130  140  150


!
 "


 B
R


 [
fb


]


mH [GeV]


x=4


6


10


16


SM (VBF)


VBF


FP


# = 10x GeV
SM (gg)


LHC7 


H $ Z%


101


102


103


104


 100  110  120  130  140  150


!
 "


 B
R


 [
fb


]


mH [GeV]


x=4
6


10


16 SM (VBF)


VBF


FP


# = 10x GeV
SM (gg)


LHC7 


H $ WW


100


101


102


103


 100  110  120  130  140  150


!
 "


 B
R


 [
fb


]
mH [GeV]


x=4


6


10


16


SM (VBF)


VBF


FP


# = 10x GeV
SM (gg)


LHC7 


H $ ZZ


100


101


102


 100  110  120  130  140  150


!
 "


 B
R


 [
fb


]


mH [GeV]


4
6


10


x=16


SM (WH)


FP WH


# = 10x GeV


LHC7 


H $ %%


100


101


102


103


 100  110  120  130  140  150


!
 "


 B
R


 [
fb


]


mH [GeV]


x=16


10


6


4


SM (WH)
WH 


# = 10x GeV


LHC7 
H $ bb


Figure 10: Total cross sections times Higgs branching ratios, for pp collisions at the LHC with


c.m. energy
√
S = 7 TeV, for the Higgs decays H → γγ, Zγ, WW , ZZ, bb̄ versus the Higgs mass.


Continuous (red) lines correspond to the VBF and WH predictions in the effective Yukawas model,


for Λ = 104,6,10,16 GeV. The dashed (blue) lines and dot-dashed (grey) lines correspond to the SM


(mediated by either gg fusion, VBF or WH) and fermiophobic Higgs scenario (FP), respectively.
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Tevatron  (VB=WH+ZH+VBF)


42


100


101


102


 100  105  110  115  120  125  130  135  140


!
 "


 B
R


 [
fb


]


mH [GeV]


4
6


10
x=16


SM (gg)


VBFP


# = 10x GeV


SM (VB)


Tevatron 


H $ %%


100


101


102


103


 100  105  110  115  120  125  130  135  140


!
 "


 B
R


 [
fb


]


mH [GeV]


x=4


6


10


16


SM (VB)


VB


# = 10x GeV


SM (gg) Tevatron 


H $ bb


101


102


103


 100  105  110  115  120  125  130  135  140


!
 "


 B
R


 [
fb


]


mH [GeV]


x=4


6


10


16


SM (gg)


VB


FP
# = 10x GeV


SM (VB)


Tevatron 


H $ WW


100


101


102


 100  105  110  115  120  125  130  135  140


!
 "


 B
R


 [
fb


]


mH [GeV]


x=4


6


10


16


SM (gg) VB


FP
# = 10x GeV


SM (VB)


Tevatron 


H $ ZZ


Figure 6: Total cross sections times Higgs branching ratios for pp̄ collisions at Tevatron , with c.m


energy
√
S = 1.96 TeV, for the Higgs decaysH → γγ, bb̄, WW , ZZ, versus the Higgs mass. Continuous


(red) lines correspond to the VB predictions in the effective Yukawas model, for Λ = 104,6,10,16 GeV,


with VB standing for the inclusive cross section for VBF + HW +HZ. The dashed (blue) lines and


dot-dashed (grey) lines correspond to the SM (mediated by either gg fusion or VB processes) and


fermiophobic Higgs scenario (FP), respectively.
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Linear Collider case


43


10-1


100


101


102


 100  110  120  130  140  150


!
 "


 B
R


 [
fb


]


mH [GeV]


x=16


10


6


4


SM


ZH


# = 10x GeV


LC 350 GeV 


H $ bb


 0


 0.1


 0.2


 0.3


 0.4


 0.5


 0  10  20  30  40  50  60
B


R
 [


%
]


BR(H $ bb) [%]


BR(H $ % %)


BR(H $ cc) mH = 110 GeV


120 GeV


130 GeV
# = 10x GeV


x=16


10


6


4


Figure 5: Left : Production cross sections for e+e− → ZH at
√
S # 350 GeV times the branching


ratio for H → bb̄ versus mH , at different values of Λ. The curves labeled by SM and FB correspond


to the standard-model and the naive fermiophobic Higgs scenarios, respectively. Right : Correlation


between the dominant fermionic BR’s for different mH values. For each mH choice, the Λ values are


univocally set by BR(H → bb̄) (see text).
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testing BR’s correlations crucial to prove 
Effective Yf’s scenario !







Barbara Mele Roma,   7  October  2011


exp lower bounds on improved FP mH 


 bounds in “Effective Yf“ scenario need 
dedicated studies !


 in general weaker than in tree level FP 
Higgs, and depending on  Λ
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exp bounds :  mHmin  vs  Λ


interplay between the H ➜ γγ  and  H ➜ bb channels
 ➜ non-trivial dependence of  mHmin on Λ  !
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based on 
Higgsbounds-3.4.0beta
(end 2011, to be 
updated)
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SuSy model with FP Higgs ?
in MSSM with Yf=0, radiative corr.s not big enough to 
generate mH ~ 125 GeV from a tree-level value <MZ


need nMSSM (with Z3 discrete symmetry Yf=0 in SuperV)


SUSY  fine-tuning relaxed by factor 
sparticle masses solve naturalness for m~2-3 TeV
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Figure 3: Dependence of the FP NMSSM Higgs boson branching fraction over the SM value as
a function of the lightest chargino mass for Mh = 125 GeV for different values of the charged
Higgs boson mass.


final states. While we have chosen to work with a particular model in which the Higgs boson
is exactly SM-like, in general also other final states are possible, allowing to study the model
parameters. However, because they are fermiophobic, their search strategy must be revised.


If neutralinos and charginos χi are light, the dominant decay modes of all heavy Higgs bosonsHi


could be into two χi. In particular, the tree level decays of sR are induced by the λ coupling. If
the decay channels to sparticles are kinematically forbidden, the heaviest among A0


1, A
0
2, H,H±


will have tree level decays into the lighter ones and to (real or virtual) W ’s or Z’s. Then the
lightest of them, since it cannot decay into SM fermions because of fermiophobia, will have
SUSY induced radiative decays giving in the final state the SM gauge bosons and fermions.
We stress that, because of the decoupling induced by our values of α and β, there are no
trilinear vertices involving only one h and one of the scalars among A0


1, A
0
2, H,H±. Thus all the


decays of heavier Higgs bosons are characterized either by large invisible branching fraction or
multi-particle final states. Those decay signatures can easily be missed in present LHC searches
explaining the absence of another Higgs-like resonance at higher masses.


The second most relevant phenomenological implication of our framework concerns direct dark
matter searches. In the MSSM the spin-independent dark matter scattering off nuclei is dom-
inated by tree level Higgs boson exchange. In the FP Higgs case this process is suppressed.
The dominant dark matter scattering process is through WW exchange at one loop level. This
implies that the scattering cross section is suppressed by additional loop factor compared with
the MSSM expectations. Scattering due to W -loops is too weak [37] to be observed in the
present stage of XENON100 [45].


Arguably the biggest drawback of our scenario is the absence of explanation for the third gen-
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Summary on Fermiophobic Higgs
Fermiophobic Higgs scenario is unstable !
ChSB regenerates Yukawa couplings !


if the scale connected to the origin of mf’s is large, 
Higgs BR’s into heavy fermions can be moderately lower 
than the SM ones !


PHENO: intermediate scenario between pure FB Higgs 
and SM Higgs; production mechanism is cleaner than SM
(higher-pT Higgs) since gg production is almost missing


setting  exp  limits  on this scenario needs dedicated 
analysis !
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Outlook


the LHC is by now mature for an early Higgs discovery
(waiting for the 4th-July CERN seminar...)


the confirmation of the hint at 125 GeV in γγ would 
wide open the stage of particle-properties determination
present  plan : after 2012, running LHC from 
end 2014 up to 2021 collecting a few 100 fb-1 at 14 TeV
whatever we will find (about Higgs/Higgses or beyond that),
and however appealing for the media we will make it, 
the outcome is going to deeply affect our comprehension of 
fundamental interactions in the many-TeV regime !
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