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We are leaving in exciting times:

Experiments are starting to test the
SM Higgs above the LEP limit, leading to
interesting exclusion bounds on its mass.

A light SM-like Higgs, is beginning to be probed
by present data. More information from the
LHC may be available as early as next week.
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Allowed region consistent with extrapolation of the SM description
until very high energies

B Zero-T metastability bound

Shown are 10 error bands, w/o theoretical errors —
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Higgs Limits obtained by combination
of multiple channels
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Main Higgs Production channels at Hadron Colliders
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The event rate depends on three quantities
F(h — XSM)

Ftotaul

Bo(pp — h — Xsm)=o(pp — h)

The three of them may be affected by the presence of new physics. If the SM rate is
modified, of course, the total width is modified as well. This is particularly true for
the WW rate at high Higgs masses and bb at low Higgs masses
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Expected Significance(o) = 2/ Rexpected
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With 5 inverse fb (right now) each experiment expects to be able to
probe a SM Higgs in the whole range above | |5 GeV and combination
of ATLAS and CMS could lead to evidence on this mass range.
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Tevatron : Comparison of Simple Combination of
Channels with CDF Results. Ratio R for exclusion

P. Draper, I. Liu and C.Wagner’'09
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At the Tevatron, the limits also arise from the combination of multiple channels. Main
difference : Dominated by decay into bottom quarks in the low mass region.
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Prospects for Higgs Searches at the Tevatron
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Improvements
with respect
to Winter’09
25 percent
already achieved

With the current run, and expected improvements, the
Tevatron should probe the Higgs mass region up to 190 GeV
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New Physics at the Weak Scale
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Modification of the main production rate :
Effective Higgs coupling to gluons

f : Scale of new physics

dyic, 2
I'(h — gg) = T'(h— gg)sm |1 —ERe | ey + 2¢, + EF
(Giudice et al, 0703164)
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If the Higgs is a Pseudo Nambu-Golstone Boson,
the three effects tend to reduce the effective coupling

(Low, Rattazzi, Vichi, 0907.5413)

 For PNGB Higgs, significant reduction is quite possible!
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Low and Vichi, 1010.2753.

Scale of new physics

fmin : Minimal scale consistent with

present EVVP tests.
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Deformation of the SM Higgs: current constraints
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Deformation of the SM Higgs: LHC constraints
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LHC is now a Higgs exploring machine

(and it has quickly surpassed Tevatron)

the SM exclusion bounds are easily rescaled in the (mn,a) plane
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Supersymmetry
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Mass of the SM-like Higgs h

Most important corrections come from the stop sector,

2
m

M2 = Q

t

2
+m, + D, m, X,

2 2
m, X, my; +m;, +D,

where the off-diagonal term depends on the stop-Higgs trilinear
couplings, X, = A, — u /tanp

For large CP-odd Higgs boson masses, and with My =m, =m,
dominant one-loop corrections are given by,

m, = COS + ()] + —_
h z P 47’v? S m; M 12 M

M.Carena, J.R. Espinosa, M. Quiros, C.W.“95
M. Carena, M. Quiros, C.W./95

After two-loop corrections:

¢ upper limit on Higgs mass: Mg=1—2TeV = Amp~2-5GeV
mp S 135 GeV Ami=1GeV = Amp ~ 1 GeV
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Standard Model-like Higgs Mass

Long list of two-loop computations: Carena, Degrassi, Ellis, Espinosa, Haber, Harlander, Heinemeyer, Hempfling,
Hoang, Hollik, Hahn, Martin, Pilaftsis, Quiros, Ridolfi, Rzehak, Slavich, C.WV,,Weiglein, Zhang, Zwirner

Carena, Haber, Heinemeyer, Hollik,Weiglein,C.W.00

Leading mt4 approximation at O(a o)

140

—— diagrammatic
— - — "mixed scale" one—loop EFT

130

\ |For m; =173 GeV,
“'the maximum my,

Ishifts to 127 GeV.

110 - ]
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1 OO I \ I I I \ I I I \ I I I \ I I I \ I I I \ I I I \ I
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Xy = A — p/tan g, X, =0: No mixing; X; = V6Mg : Max. Mixing
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The state-of-the-art computation includes the full one-loop result, all the
significant two-loop contributions, some of the leading three-loop terms,
and renormalization-group improvements. The final conclusion is that
mp S 130 GeV [assuming that the top-squark mass is no heavier than

about 2 TeV]|.

130

140 I

maximal
i | mixing

120

120

minimal mixing __ H. Haber’
M, = 17545 GeV ] SUSY 20 I I

n = —200 GeV
90 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 1 1 1 1 1 1 | | 1 1
-3 -2 -1 0 1 2 3 1 2 5 10 20 50
X, (TeV) tan g

100

| tanp =3 (————— ) © = —200 GeV i 80

Maximal mixing corresponds to choosing the MSSM Higgs parameters in such a way that
my, is maximized (for a fixed tan 3). This occurs for X;/Mg ~ 2. As tan (8 varies, my,

reaches is maximal value, (M) max =~ 130 GeV, for tan 8 > 1 and ma > my.
Minimal models, like the MSSM tend to lead to small Xt and

relatively large CP-odd masses. Both stops could be as light
as a few hundred GeV if mixing parameter Xt is large.
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Gluon Fusion Production Rate in the MSSM

124121 118 115 112

~ 1000+
mg

1.1
900+t
Rate may be modified

for light stops and close to
the large mixing senario.

800}

For stop masses

of order of | TeV
the rate modifications

tend to be small

Dermisek and Low, 0701235
LHC Bound on stop masses depends on gluino mass
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One Lepton + b-jets + Missing E;

LP2011

> 3" generation is special: has to be light to stabilize the Higgs

> selection similar to one lepton + 4 jets + missing E; plus 1 b-tags

> signal region defined by missing E; > 80 GeV, m;> 100 GeV and
m > 600 GeV

Phenomenological MSSM:
BR(g>t,t->tby,) = 100%

~ Wg——7r—— 77T T = §-g + 1t production, § — t+t, T, b+’)”(,f I Ldt=1.03 b \'s=7 TeV
) = ATLAS Preliminary 1-muon, 4 jets, 1 b-jet = — 600 IBLANLINLINLI LIS L I I L Y L B | ]
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42 10% Eent N ) top producion = E“: 500 E 1-lepton, 4 jets —— Observed ATLAS (35 p§1) 3
g E 3 E C >=1btag,m >600Gev UM Expected ATLAS (35 pb’) -
L L ] - eff Lo -
= - 450 — | . o . -
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3 400 . ~ W =
3 = m@, ) >> m@ E
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o r ,‘:v"“ 3 E -
= 150 = —
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AILAY
EXPERIMENT

Wolfgang Ehrenfeld | SUSY Searches at ATLAS | 30.8.0211 | Page 21

Relatively light stops are naturally there, they can raise sufficiently the Higgs
mass and are not ruled out by current data !
They should be a priority in LHC searches (in all possible stop decay channels)
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Non-Standard Higgs Production

QCD: S.Dawson, C.B. Jackson, L. Reina, D.Wackeroth, hep-ph/06031 12

g b
Associated Production
""""" H,A
...... -
b

8 Gluon Fusion

........................... b
"""" HA
b

...... S

N _ mptanp N _mrtanp

JAbb = JHbb = 1+ A0’ JArr = QHrr = .
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Searches for non-standard Higgs bosons
M. Carena, S. Heinemeyer, G.Weiglein,C.VV, EJPC’06

® Searches at the Tevatron and the LHC are induced by production channels
associated with the large bottom Yukawa coupling.

2
o(bbA) x BR(A — bb) ~ o(bbA)sm tan 5 5 X ) 5
(14 Ap) (1+Ap)"+9

tan® 3
(1 + Ab)Z +9

g(bE7 gg — A) X BR(A — 77) ~ O-(bga 99 — A)sm

® There may be a strong dependence on the parameters in the bb search
channel, which is strongly reduced in the tau tau mode.

Validity of this approximation confirmed by NLO computation by D.

Noth and M. Spira, arXiv:0808.0087
Further work by Muhlleitner, Rzehak and Spira, 0812.3815
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MSSM SM-like Higgs Searches at the LHC

P Draper,T. Liu,C.Wagner, Phys.Rev.D81:015014,2010; M. Carena, P. Draper,T. Liu, C.Wagner, arXiv:1 107.4354

€ In the MSSM, one of the Higgs bosons has standard model like couplings to the top and
gauge bosons

@ Relevant SM-like channels of production and/or decay are induced by loops, which are
affected by new physics (mainly stops). We shall assume all relevant supersymmetric
particles to be heavy, with masses of order | TeV.

@ Moreover, the dominant width of Higgs decay into bottom quarks is enhanced due to
mixing with non-standard Higgs bosons. Top Yukawa tend to be somewhat reduced by
same effect. This affects the main production and decay channels.

(T ggo xBr{d—yy)IMssm/(Ogge xBr(d—yy))sm (g xBr(d—=>WW))mssm/(0ggo xBr(d—>WW))sm
s'2 =7 TeV 512 =7 TeV
| |— no mixing, tan8=10 | | |— no mixing, tan8=10
- |=— no mixing, tanS=60 : - |=— no mixing, tanS=60
0.8} |— max mixing, tan8=10 - 0.8} |— max mixing, tanf=10
§ [ |— max mixing, tan8=60 § | |— max mixing, tan8=60
8 0.6 8 0.6}
& | - :
2 0.4 100 < my, < 130 GeV | 2 04l 100 < my, < 130 GeV |
§ ' 120 s my < 500 GeV § ' 120 s my = 500 GeV |
= _ = _
“02 g “0.2
0 e e -I=-'=:=d-:_::-'.‘5.'~:"'='“-'*-'L"L'-'i-:*,"T 0 00 <
?{}[] 200 300 400 500 ?{]ﬂ 200 300 400 500
my (GeV) my (GeV)
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/7 TeV LHC MSSM Higgs Reach

P Draper,T. Liu,C.Wagner, Phys.Rev.D81:015014,2010; M. Carena, P. Draper,T. Liu, C.Wagner, arXiv:1 107.4354

2= ATLAS 95%CL MSSM Higgs Reach

7 TeV, 5fb~ !, yy+ WW4rr+ZZ+bb,
Min. Mixing, u=200GeV

- PR=2excl |
[ 1=R=2 excl|]
i R=1 excl

.SIII_— B3
[ | Sl

40}

§ %0}
201
10}! .

my (GeV)

2= ATLAS 95%CL MSSM Higgs Reach

7 TeV, 10fb~!, v+ WW+rr+ZZ+bb,
Min. Mixing, u=200GeV

e BIR>2 excl
[ 1<R=2 excl
i R=1 excl
Sl:l_— B3
[ | e
40F
g of
20F
10F
100 200 300 400 500

2= ATLAS 95%CL MSSM Higgs Reach

7 TeV, 5fb7 !, yy+ WW+rT+ZZ+bb,
Max. Mixing, p=200GeV

PR>2 excl
1<R=2 excl

E=1 excl
Bic
W5

ma (GeV)

2= ATLAS 95%CL MS5SM Higgs Reach

7 TeV, 10fb~!, v+ WW+rT+ZZ+bb,
Max. Mixing, p=200GeV

PER>2 excl
1<R=2 excl

ma (GeV)

Suppression of

BR(h = v7)

leads to reduced
reach at low values

of the CP-odd Higgs
mass

Significance(o) = 2/R

At sufficiently
large luminosity

Vh,h — bb
WBF, h — 77

are helpful in
partially reducing
the reach suppression
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The LHC sensitivity is somewhat
complementary to that of the
Tevatron, which becomes more
sensitive for low Higgs masses.

Combination of data from
experiments at the end of 201 |
may be useful to find evidence
for Higgs at an early stage.

2x(CDF+ATLAS) MSSM Higgs Reach
Min. Mixing

R=2
1=R=2 excl
R=1 excl

| kg

| Klg

100 200 300 400 500
my (GeV)

R95

100 .

! T T .

Comb. from CDF and DO ------- ]

Naive Combined Limit ]

Comp. with 10fb™" ===~ ]

Comb. with 10fb " + 1.25x effc |
Comb. with 101‘b'1 + 1.5x effc .

10 k 90% C.L comb. limit, 10fb™" + 1.5x effc |

F R=1 (Standard Model) ------ - 73

100 120 140 160 180 200

P. Draper,T. Liu and C.Wagner’09

2x(CDF+ATLAS) MSSM Higgs Reach
Max. Mixing
IR=2

1<R=2 excl
R=1 excl

3o
| Kles

100 200 300 400 500
ma (GeV)

Combination of 5 inverse fb LHC with 10 inverse fb Tevatron data :
Evidence of SM-like Higgs presence in almost all parameter space

M. Carena, P. Draper, T. Liu, CW/ | |
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Complementarity with LHC non-standard Higgs searches

7 TeV, 5fb~!, v p+ WW+rT+ZZ+bb, 7 TeV, 5tb~!, vy + WW+rT+ZZ+bb,
Min. Mixing, u=200GeV Max. Mixing, g=200GeV

BR=2 excl
1<R=2 excl

BER=2 excl
1<R=2 excl

il
faa
=
T T g T T T T T T T 1T T T T T [ T T T T [ T T T 1

100 200 300 400 300 l 200 300 400 500
ma (GeV) my (GeV)

M. Carena, P. Draper, T. Liu, CW/I |

Non-standard Higgs searches allow to probe part of the parameter space for which
standard reach is suppressed. An excess at small CP-odd Higgs masses would mean a
weaker reach for SM-like Higgs boson
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Small agpr: Brth—bbssy/Br(h—bb)sy

10F

P

0.6
08 o8
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0.4

100
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7 TeV, 5fb !, 9+ WW+rr+ZZ+bb,
Small a4, p=2000 GeV

PBR>2 excl
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ma (GeV)

Small @egr: Brth—yyvssm/Br(h—=yy)sm

0§

0]

0.8

300 400
ma(GeV)

500

For large values of 1 and Ay

one can get suppression of the

Higgs decay into bottom quarks
and therefore enhancement of
photon decay branching ratio

Carena, Mrenna,Wagner’99
Carena, Heinemeyer, Wagner, Weiglein’02

Such scenario, however, demands
small values of the the CP-odd
Higgs mass and large tanbeta and
seems to be in conflict with
non-standard Higgs boson searches

Carena, Draper, Liu,Wagner’| |

Tuesday, November 8, 2011



Signal [fb] Significance at 30fb™!

Non-standard Higgs Boson Searches
at / TeV LHC with b-quark final states

tang
tanf

160 180 200 220 240 260 280 300 Res u Its o btai n ed Setti ng
gll;n[a(l}e[’f"]b]] Slgnlﬁr::n[c(jz‘t]].’;Ofb' PT CUtS Of I 50 GeV in the
— | leading b-jet and

about 50 GeV in the
subdominant ones.

An invariant mass window
of about 50 GeV was used.
Angular kinematic variables
Sl (1] Sgniencs at 0" tend to be similar in signal
I | and background, and further
cuts tend to reduce the rate

tang

Gori, Menon, Carena,Wagner,Wang, Juste’| |

160 180 200 220 240 260 280 300 160 180 200 220 240 260 280 300

my [GeV] my [GeV]
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Higgs Bosons Decaying to Bottom pairs
at the LHC

® |n the past the decay of Higgs into bottom quarks have been ignored due
to overwhelming backgrounds

® However, the study of jet substructure has revealed new possibilities

® |n particular, boosted Higgs bosons decaying to bottom pairs might be
easily separated from the QCD background by the use of these
techniques

® This is true in the SM model, for a light Higgs produced in association
with W bosons, where the proportion of boosted Higgs is small

Butterworth, Davison, Rubin, Salam’08
Plehn, Salam, Spannowsky’09 (ttbar+H)

® |n the MSSM, there are new possibilities for boosted Higgs production,

Kribs, Martin, Roy, Sapnnowsky’ |0
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SM Higgs : ATLAS Simulation
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Example 1: MSSM with Higgsino LSP

Kribs, Martin, Roy, Spannowsky’ |0

10 fb! @ 14 TeV

455_ W it + jets
QSEE— M Z+ jets mél,z —_————— 4 1 TeV
- W + bb
Eaﬂ? .15‘:+5h5
n— - usy ~
@ 25F mQS
Bk .
§ 15 gy —————| 600 GeV
g mi—
L My | 300 GeV
60 80 100 120 140 160 180 200 220 |:u‘ S GeV
candidate resonance jet mass (GeV)

BR(ty,d;, — h+ X) ~ 23%
MET > 300 GeV, Hr > 1 TeV, 3+ jets, BR(ig,dr — h+ X) ~ 16%
no lepton, + 1 "tagged” Higgs
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@ Kribs et al concentrated on the region of light Higgsinos, where
the proportion of boosted Higgs bosons tends to be large.

@ The appearence of hard jets, b-tagging and large missing energy
already provide interesting ways of suppressing the background

Q@ Highly boosted Higgs provide an additional tool

@ Light Higgsinos tend to be inconsistent with the standard
neutralino relic density

@ It is therefore interesting to study what happens when one
departs from these regions.
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Chargino and Neutralino Decays into Higgs

N2—>h+N1

500 N 3 —sh+N i
500 T T T T T T T N T T T T T T
u 7
/
/
I 0.05
400 - 0.05
I 400
~ —_— L
% 300 % 300
O, )
SO S}
v
200 200, ,
] v ;7 0.2
[ L/ // /]
7/, o 0.15
/ / ) 0.1
100 100 /
100 200 300 400 500 100 200 300 400 500
M 16T Moy = 2M
500 500
400 . 400
— —
> 300 . > 300
5 O
O O
d d
3. 3.
200 200
0.1
100 . 100
500 100 200 300 400 500

Gori, Schwaller, C.W,, to appear M, [GeV]
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Countours of proper relic

density

Search for SM-like Higgs Boson from SUSY Particle Decays

Parameter space consistent with Neutralino Relic Density: Heavy Sleptons

Green : tan 5 = 50
Black : tan 5 = 10
ma = 300 GeV
mg ~ 1 TeV
Mg ~ 6M1
My = 2M,

Boosted Higgs : pr > 200 GeV

0[pb] Ocut [pb] Oh [fb] Oboosted [fb]
(I) 1.11 0.52 78 31
(H) 0.73 0.34 116 31
() | 259 | 0.90 | 360 135

Look for boosted SM-like Higgs bosons, decaying to bottom quarks

Butterworth, Davison, Rubin, Salam’08

Higgs from heavy sparticle decays tend to be boosted

Kribs, Martin, Roy, Spannowsky’ 10

@ @ —h+X) (b)

(Gr = h+ X)

300

400 501

M [GeV]
(d) (t2 = h+ X)
. I"' - ol.l
= 300 / o ‘“J"’ = 300
: | :
200 " 200 7
; .
100 ’? 100
T/ )
M, [GeV] M, [GeV]

Blue regions :

Appreciable
Branching
Decay Fraction.

Darker means
larger branching
decay fraction.

X :energetic
quarks, leptons
and missing
energy

Gori, Schwaller,Wagner, Phys.Rev.D83:115022,2011

Good prospects of observing Higgs in thel4 TeV run and, perhaps, even in the 7 TeV run.
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For lower
values of
the CP-odd
Higgs
mass, low
values of
tan(beta)
preferred

Tuesday, November 8, 2011

00 ——

(1) My = 1000 GeV
(1)
(I11)

M, = 300 GeV
My = 300 GeV

M1 = 220 GeV
M; = 280 GeV
M; =135 GeV

1 = 280 GeV

My =300 GeV tan g = 10

100 300

400 500
M, [GeV]

M4 = 1000 GeV tan 3 = 10

rrrrrrr

-------

///////

500
M1 [Ge\’]

M = 300 GeV tan g = 50

300 ——

300 400 500
M [GeV]

M4 = 1000 GeV tan 5 = 50

el
W e

IDD

L Voo
e o

.........

W/////

500
M, [Gﬁ\’]

Gori, Schwaller, C.W.’ | |

tan 8 =10,
@ =400 GeV tan 8 = 50,
u =400 GeV tan 8 = 10.

Direct Dark Matter Cross Section Constraints (post Xenon)

Slightly smaller
tan(beta) = 40
leads to same
signatures with
similar parameters




The EFT Approach

Study extensions with ““heavy” BMSSM degrees of freedom that couple to the Higgs sector.
("heavy” stands for heavier than MSSM Higgses, typicallyl — 2 TeV)

e Allows relatively model-independent survey: integrate-out and describe by

W=uH Hyj+ —(H, Hg)" + H,Hi)” + .-
gl 2M( 2)° 3M3( Ao .
Brignole, Casas, Espinosa, Navarro, ‘03
Dine, .Sei!)erg, Th(:mas, '07
Kahler potential starts at order 1/M?. Also F-term SUSY. s

e Matter sector more constrained, restrict here to Higgs sector (e.g. singlets, triplets, “Z’s”, W’)
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The EFT Approach

(Carena, Kong, EP & Zurita, 2009)
e Impose some "“sanity” checks:

- Higher orders in 1/M expansion should be expected to be small

Technical comment: both1/M and 1/M? can be phenomenologically relevant,
without signalling breakdown of EFT expansion!
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The EFT Approach

(Carena, Kong, EP & Zurita, 2009)

e Impose some "“sanity” checks:

- Higher orders in 1/M expansion should be expected to be small

Technical comment: both1/M and 1/M? can be phenomenologically relevant,
without signalling breakdown of EFT expansion!

1 1
VA 5)\1(H2;Hd)2 + 5)\2(H;E,Hu)2 o )\B(HiHu)(H;Hd) s )\4(Hqu)(HiH;)

+ {;%(HquV + [%(Hj;Hd) i >‘7(HZH“)} e iy h'o}

Special structure of MSSM potential + SUSY higher-dimension operators:

A, A2, A3, ~ g>+O(1/M?) <€— can be relevant!
N e ra OO S G
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Benchmark Models

Most recent LHC searches in WW, ZZ, v~, 7r,t — H™'b

tan B=2,M = 1TeV, 4 = ms = 200 GeV, Mgysy =300 GeV, A, = A, =0

tan f=20,M = 1 TeV, u = mg = 200 GeV, Msysy =300 GeV, A, = A, =0

) 0 ST S e T s T ] 180 TN

| * Today % * Today
Zelie e G i) N L s JSETG (G b
I x LHC (15 fb—l) -.'.m-';.' .l.-'..}:‘ -.l'_{. . '::.l.‘.lf;. : I x LHC (15 fb—l)
R 160 - - :
| *+ Not probed L - + Not probed ?
200 -
= ; :
O
il
= 150 '
100 j 3 .\ " i 100 - .’_' 000000000000000000000000000
"a BASSBA B : hdSShd
Y (Y ) 00000 000000000000000000000000000 P
000 L
L I Jﬂﬂ"r.T e e o o A e e o el 1 L] 80 ] ‘.‘ Ry e, e e e LR ‘
Al e LY = Ll el el 100 T T s o A Dl
mgy [GGV] my [GeV]

Carena, Ponton, Zurita ’11

Green points and some old benchmarks have been excluded by LHC
Stops are light, with masses lower than 500 GeV.
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SM-like Higgs decays into lighter Higgs bosons

POINT F
ma (GeV) my, (GeV) mpy (GeV) mu+ (GeV)
04 135 155 125
2 2 2 2
Ihww daww 9pp—h Ipp—H
< 1072 0.99 0.59 1.14
channel BMSSM channel BMSSM
h — bb 0.15 h— AA 0.84
H—WW 0.12 H— AA 0.84
H — bb 0.02 A—bb /77 | 0.91/0.09
HY = 7y, 0.56 H* - W+ 4+ A 0.40
pp — H — WW | Q(15 fb_l) Lo (fb_l) Ls (fb_l)
0.18 1.8 4.9 30

Carena, Ponton, Zurita '11
It happens in many other models. Standard decays suppressed

Carena, Ellis, Mrenna, Pilaftsis,VWagner’02 (CPX)
Dermisek and Gunion '05 (nMSSM)

Associated production with gauge bosons present a clear LHC search opportunity
Carena, Han, Huang, C.W.07
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« Carachteristic CP violating scenarios

Altmanshoffer, Carena, Gori, de la Puente’l |

- 3 Heavy Higgs bosons (mHi > 140 GeV)
—> due to scalar- pseudoscalar mixing
a) all 3 Hi couple to WW (main search channel)
b) all 3 Hi decay mainly into bb; still with ~ 10 fb-' can be seen in WW decays

5.0 ——
=

K 2.0

b Atlas up to 2.3 fb-1
o 1.0 > CMS up to 1.7 fb-1
© ‘A | V/

E 0 - 7o

O %J A -1

o \ 5fb

Ej 0.2 ‘\\\\\\’;;/”’,/— ﬂofﬁjr==

NS \ll\ / ¢

LD 0.1 =

100 120 140 160 180 200 220 240
My, [GeV]
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Another Example of SUSY Model with heavy Higgs

Model with enhanced SU(2) D-terms

Batra, Delgado, Kaplan, Tait’03

Enhanced D-term also split slepton sector. SUSY contribution to rho
parameter compensate the one of the heavy Higgs.

Large coupling of Higgs to sneutrinos induced large decay rate.
Sneutrinos decay subsequently into neutrinos and the DM particle

Region consistent
with EWVP tests

500 |-

400 |-

m_[GeV]

V‘[

200 |~

N A
a A
A
A A
A A
A A A
B A A A
| A
100 [
| A
A
B A
B A

qOO 150 200 250 300

m,[GeV]

350

Medina, Shah, C.W.09

oo o i (9*A+gv) v
VrUVrt 2\/5

G 1) m? Am2  12md am2\ Y2
T(h— VV)~ F(K\%l;gﬂ) " (1— TV ”ZV> (1— mQV)

my, my, mpy,

L'(h — 0,0,) ~

128 T My, 2

1/2
(A +g})?o? ( Ami \Y
My,

For Higgs masses between 150 GeV and 200 GeV,
large invisible width, of order of or larger than the

VV width may be obtained
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Dark Matter and the Higgs Decay Width

Q@ If Dark Matter particles are lighter than half of the Higgs mass, Higgs can
decay into them

Q This would induce a modification of the total width, which will affect all visible
branching ratios

€@ In such a scenario, it would be important to measure the invisible width

Q@ In the low mass region, the LHC can measure this width by looking in the
weak boson fusion production (Zeppenfeld, Eboli, ‘00)

@ In the high mass region, one could get information by measuring the total
width from the lineshape of H-> 4 lepton channel
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Searches on Weak Boson Fusion are
Complementary to Line Shape determination

Shaughnessy, Low, Schwaller, C.VV,, arXiv:1110.4405

14 * ~ LHC 14 TeV 7
i 14 : M i
| Fhlnp — Fh :,
120 ] - 95% C.L. Exclusion
' 1.2+ ATLAS VBF, 10 fb™!  =====-- 1
j " ATLAS VBF, 30 fb=!  =-as---
1.0 | OLine: 2e2u + 4, 10 fo~! ====-
I | Line: 2e2u + 4u, 30 b =—m-- )
% > i s
0.8+ 1 3
2 Fos P
R e N i : '
0.6j LI - 06 ____><: |
e VU s - 04 T Bt ]
o2 T Ip=15x>M i e
- S — I“h — 2 x rhSM 0.2
- [, =3xI°M * |
O. ‘ ‘ ! ‘ ‘ ! ‘ ‘ ! \ \ R R T T S S S S R T R R
800 250 300 350 400 100 150 200 250 300 350 400
mp(GeV) my, (GeV)
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Dark Matter Higgs Portal

L=26.m2S|?+ 6. \HH|S|?,

L = 5cmf?ﬂw+5c %HTwav

0. = 1/2 for a real scalar and a Majorana fermion and 1 otherwise.

10 - —~
\
\
\

Relatively light scalars and heavy

w 0.1 .
2 fermions are accomodated
001 naturally in this framework
0.001 -

1074

mpm [GGV]

Shaughnessy, Low, Schwaller, C.WV,, arXiv:1110.4405

FIG. 6: Relic density for scalar (orange/light grey) and fermion (blue/dark grey) dark matter as a
function of the dark matter mass. The curves are shown for Higgs masses of 200 GeV (solid) and
300 GeV (dashed), for a fized couplings of As = 1 and S\f = 1 respectively for scalars and fermions.
The light green band is the WMAP-7 measured [31] dark matter relic density.
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Allowed parameter region for scalars and fermion Dark Matter cases

100
80!

60+

mg[GeV]

40|

20/

Xenon100

Q=011

excluded

1404
130 ¢
120F

110/

Xenon100
excluded

m[GeV]

my[GeV]

Q h*=0011

100
90 -
30

70 Xenon100

excluded

150 200 250 300 350
my,[GeV]
Q h?=0011

400

140j “““““““““““““ ~
130}
120}

110/

Xenon100
excluded

Scalars (fermions) lighter
(heavier) than the weak

bosons considered.

Couplings fixed to
obtained desired
relic density.

Solid lines denote
production rate
compared
to the SM one.

Shaughnessy, Low, Schwaller; C.VV,, arXiv:|110.4405
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Light Dark Matter : Heavily constrained in the MSSM

D.Albornoz Vasquez,G. Belanger, C. Beehm, A. Pukhov, and J. Silk
PHYSICAL REVIEW D 82, 115027 (2010)

104 — T % E 65— aron - no-min E
: — CDMS-II : — | s Tevatron - no-mixing -
|| === Xenon100 i 60 — | ——— Tevatron - max-mixing e
| \ a — _
\ - .
B \ ] 55— 7
- 757
- - - 2 A4
o, S0F 3 £ =
- /5 -
—_— a - \\ P , .
© - — 40 3, M,’ -
i - K e -
BN e E
— 45«‘ —
-42 30— \ T -
1 0 B — - N -
B — : 1 ‘ | 1 I | | 1 | 1 1 | ‘ 1 1 | :
- - 120 140 160 180 200
= | n M, [GeV]

10
mxo [G eV]

Also (e.g.):
Feldman, Liu, Nath, Piem (2010)
Kuflik, AP, Zurek (2010);

M, €[1,100] GeV,
u € [0.5, 1000] GeV,
m; € [100, 2000] GeV,
A, € [—3000, 3000] GeV,

M, € [100,2000] GeV,
tanB € [1, 75],

m; € [300,2000] GeV,

m, € [100, 1000] GeV.

Bottino, Donato, Fornengo, Scopel’ |0
Belli et al’l |
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Dark Light Higgs (NMSSM near the PQ symmetry limit)

Numerical Results

A k(107°)[ A (10%)] Ak 1! tan 3 Mp,
0.1205( 2.720 | 2.661 |-24.03 | 168.0 |13.77| 0.811
May; | My, mh, | Brhh | Braa [ QA* |osi(107")
16.7 7.20 116 [0.158%(0.310%]0.112 2.34

0.09 < Qh? <0.13

—38 " S
\ CDMS 2009 0.05 < A <0.15, 0.001 < x < 0.005,
_39! €] <0.25, —30GeV < A, < —15GeV,
5 < tan § < 50, 100GeV < p < 250GeV
— —40 CoGeNT 2010
I SRR SO N S it The blue points fall ina 3 sigma
=, —41 ¢ COMS20101 pange of the observed relic density.
w
\bé -42} All points have passed the
%'5‘ current exp. bounds of flavor
AT .
=~ -8 physics, meson decays, and
St collider exp.
—45 ot .. . R G U lia«‘.. ........ .
2 4 6 8 10 12 14 T. Liu

P. Draper, T.L., C. Wagnher, L.T. Wang and H. Zhang, Phys. Rev. Lett. 106 (2011)
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0 (10 40 cm?)

Mixed Decays into Higgs and Dark Matter

X X X EWSB
0.1 + X X X X X Baryogenesis
X X X X X X X X
0.01 + X X X X X X X
X X X X X
0.001 + . . %
0.0001
112 114 116 118 120 122 124 126 128
my,, (GeV)

Carena, Shah, C.WI |

A strongly first order phase transition may be
obtained (red dots). Consistency with COGENT
demands SM-like Higgs mass mh2 closer to or
smaller than the LEP limit value.

ha — xox1 — hixaxa (ff + Miss.Energy)

ho = x2Xx2 — hihixix1 (2 X ff+ Miss.Energy)

Weiner,Chang’ 09

140

120

40

20

III|III|III|III|III|III|IIIL<>%<I_

IIIL«XR‘QXI>1X>2<I§II|III|III|III|III|I

cv b b b b b b b g
%0 95 100 105 110 115 120 125 130 135

m,, (GeV)

Liu, Huang, Zhang’I |

LEP limit may be avoided due to the existence
of additional decay modes

The bottom quark decay branching ratio can
be naturally smaller than 20 %. New decays
into mesons and leptons plus missing energy.

Many other decay possibilities exist. See, for instance,
Chang, Dermisek, Gunion,Weiner, arXiv:0801.4554
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Conclusions

® Allowed SM-Higgs mass window at the LHC is consistent with precision
measurements and with the extrapolation of SM description to very high
energies. The analysis of the current data will allow to test the SM in the
whole allowed Higgs masss range.

® New physics can modify the production and decay channels in a significant
way. No Higgs signal could point to many interesting possibilities beyond the
absence of a Higgs.

® Models with pseudo-Goldstone bosons tend to induce a smaller gluon fusion
production rate.

® |n the minimal supersymmetric model, rates may be modified by mixing or by
presence of light stops. For moderate CP-odd Higgs masses, the width of the
SM-like Higgs tends to be enhanced, inducing a suppression of all relevant
LHC branching ratios.

® Beyond the minimal model, there can be new decays as well as heavier Higgs
bosons, implying very rich Higgs physics

® Decays associated with Dark Matter particles are an interesting possibility
that will be probed at the LHC
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Beyond the MSSM
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Regions of parameter space consistent with Neutralino
relic density: Light CP-odd boson and light Sleptons

> 300i |
100? , E

200 300
M, [GeV]

100 400 500

100 200 300 400
M 1 [G@V]

;2—>h X

Ui

L
/

500

Moy = 2M4

mg ~ 1 TeV

Mg ~ 6M1

Upper Row : m; = 400 GeV
Lower Row : m; = 200 GeV

Clear degradation
of Higgs signal for
light sleptons

Gori, Schwaller, C.W,, to appear
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Ap(r) =21+ (= 1) f(r)] 777
Aw(r) = — [2r + 37 +3(21 — 1) f(1)] 77

arcsin®y/7 r<1
fir) = —1[ln1+ 1_7-_1—’i7T]2T>1
vt
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T FoTT 3 L
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om L - L
o i i i
E 0.01 N tt = - H-—>2Z7Z
o - cc . —— H—-WW
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Prospects for SM Higgs Searches at the Tevatron

Projected Tevatron Reach for the SM Higgs
CDF+DO0 Combination

5 . . ' : :
L - Moriqnd 2009 |
10fb" |, po imprv
— 10tb™,, 50% impnv
16fb~", 50% impry
2T |
do )
4+ J
2
3 |

Sensitivity (o)

o

1 / \\\\

b— —
- E— —
— ——

120 140 160 180 200
m;, (GeV)

CDF+DO0O multi-channel combination. WH->bb dominates

at 115 GeV, gg->H->WW dominates at 160 GeV. Both contribute in
intermediate range.
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Warped Extra Dimensions with Higgs in the Bulk

11ght light

S Y
mhght A1/2(7-11ght -+ Z Z TI'<YM 1) -+ mflaight (A1/2 (Tlight) — 1)
heavy
N OM - O1n Det(M
Te(Y M) = Tr | = 9nDetM)
ov ov

YR(QUUgr + Q¢DY)H + YIWWR(QUUY, + QLDR)H + (L + R) + h.c.

2

B t b
O'fgs_)h B (USM)2 TI‘(YUYJ + Yval}/d]L)?)Q}%/2 + i—i + ﬁ—i + $tA1/2(Tt> + SEbAl/Q(Tb)
Jgg]\ih v A1/2(Tt) + A1/2<Tb)
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SO(5) Gauge Higgs Unification Models

V2

7 .
95(f0 a—2)1/2

Ynn o COS ?}/f)
Z m,  fsin(o/f)

top

f=

R;/2 ~ cos(0/f) + O(my /Mgy (spinorial representation)
cos(20/ f)
R;/z ~ cos(/f) (fundamental representation)
4 5]

f=500GeV | R,=75% | R, = 35%
f=1000GeV | R, =95% | R, = 82%
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