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Huge experimental effort
towards the identification of the Hig

gs boson



2010: First collisions at the LHC

Direct exploration of the Fermi scale starts.

main physics goal:

What is the mechanism of Electroweak Symmetry breaking ?




Huge experimental effort
towards the identification of Dark Matter
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Most of DM experiments rely on
the assumption that DM is a WIMP

Are DM and electroweak
symmetry breaking related?
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In Theory Space
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DW[ Matter M/ Z% Lermi ché

Fraction of the universe's energy density 0.2 pb
stored in a stable massive thermal relic: Qpm=

— a particle with a typical Fermi-scale cross section
Oanni ® 1 pb leads to the correct dark matter abundance.

a compelling coincidence (the "WIMP miracle")



Elcbaanil sunnetry ﬁw@ 2 i gucstins

° What is unitarizing the W W, scattering amplitude?

w- W

W+ W+

e  What is cancelling the divergent diagrams? (i.e what is keeping the Higgs light?)

: Hierarchy problem

2 2
= OMp o< A A , the maximum mass scale that
the theory describes

strong sensitivity on UV unknown physics
need new degrees of freedom & new symmetries to cancel the divergences

supersymmetry, gauge-Higgs unification, Higgs as a pseudo-goldstone boson...

— theoretical need for new physics at the TeV scale




M(/Z;/ newr physicsS

Minimally extended

SUREF SYIMREHFIC (2 Higgs doublets)

Electroweak
symmetry breaking

Composite, Higgs as
pseudo-goldstone

Higgsl
'GERIESS. boson, H=As

technicolor-like,
5-dimensional

In all explicit examples, without unwarranted cancellations, new
phenomena are required at a scale A~[3-5] x MHiggs




Which Higgs ?

Composite Higgs ?
Little Higgs ?
Littlest Higgs ?
Intermediate Higgs ?
Slim Higgs ?

Fat Higgs ?
Gauge-Higgs ?
Holographic Higgs ?
Gaugephobic Higgs ?
Higgsless ?

UnHiggs ?

Portal Higgs ?
Simplest Higgs ?
Private Higgs ?

Lone Higgs ?

Phantom Higgs ?



New symmeftries at the TeV scale and Dark Matter

to cut-off quadratically
divergent quantum corrections to _’
the Higgs mass

New TeV scale
physics needed

tension with precision tests of the
~ SMin EW & flavor sector (post-
LEP "“little hierarchy pb") |

\

infroduce new discrete
: symmetry P |

R-parity in SUSY, KK parity in extra dim, T
parity in Little Higgs ...

Lightest P-odd particle is stable

.

DM candidate




The hunt for WIMPS: a well-defined programme

Wirk out //’WM of new &/@&L ﬂw

The stability of a new particle is a common feature of many models

mass spectrum,
interactions

New Particles

2 4
¥

SRS ¥
Standard Model

Particles

relic
abundance

detection
sighatures & rates




But honestly: None of the SM extensions on the market
(MSSM, RS, Little Higgs, Composite Higgs, UED ...)
are fully satisfactory

Anyhow, within 10 years, we'll test them and we'll test
the WIMP hypothesis



Can the Higgs be searched for outside of colliders?

The LHC & Tevatron may not be the only places in the
universe where the Higgs is being produced today



DM

What about Higgs production today in
Dark Matter annihilations or Dark Matter decays?



Indirect probes of the Higgs in space

Discovery of a gamma-ray line produced by WIMP annihilations in space
and whose energy reflects the mass of the Higgs (and the WIMP)

DM

o
DM H

could even allow the first direct observation of a Higgs production process

if the WIMP hypothesis is correct: likely to be
connected to the physics of EW symmetry breaking
and may have enhanced couplings to massive states




e photons travel undeflected and point directly to source
e photons travel almost unattenuated and don't require a diffusion model
e detected from the ground (ACTs) and from above (FERMI)




<__Y’s from DM annihilations consist of 2 W

e Continuum oammaays _ elines J

secondary Y's A/y primary Y's
X Wzig L\

WIMP Dark
Matter Particles
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Seeing the light from Dark Matter

e What if the nature of DM is such that production of "direct” photons can be large?
e The position and strength of lines can provide a wealth of information about DM:

— vy line measures mass of DM

— relative strengths between lines
M% ) provides info on WIMP couplings

Efy:MDM (1—

— observation of YH would indicate WIMP
is not scalar or Majorana fermion

— if other particles in the dark sector, we
could possibly observe a series of lines

[the "WIMP forest”, Bertone et al. '‘09]



Photon flux produced by DM annihilations

and collected from a region of angular size AQ

dd 1 T@,O% <
ok .
dE ~ 4 4Mpy & 70}

includes all possible
annihilation final states

microphysics l

Astrophysical uncertainties
on the DM density profile

for DM decay: MW halo model|r; in kpc ps in GeV/cm® J (107°)
<UU> 1 NFW [20] 20 0.26 15 - 10°
* 5 > Einasto [21] 20 0.06 7.6 -10°
AMZ vy TMpp Adiabatic[22] 47107
e for observation of the galactic center

—
£ & region with angular acceptance AQ=10"°



dd = 2 Searches focus on regions of the sky where DM
g clumps: Galactic Center, dwarf galaxies...

dF

Astrophysical uncertainties on
the DM density profile

S
[credit:TaosoE
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Sl &W /l/[ = T m/ Bergstrom, Ullio, Buckley’ 98

Bringmann, Bergstrom & Edsjo '08
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“Standard“Continuum suppressed by Majorana nature of WIMP
(light fermion states chirally suppressed)

However, as recently reexamined: large >jf» >C>§
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(Tle Juert. Drudlot Madel (TOM )

Deshpande-Ma’78; Barbieri-Hall-Rychkov 06; Lopez Honorez-Nezri-Oliver-Tytgat 06; Gerard-Herquet’O7 ; Hambye, Tytgat 07 .....

A two-Higgs extension of the SM with an unbroken Z, symmetry
Hi = Hi and Hz = - H2 (and all SM fields are even)

. , . A .
V = pd|Hi|? + p3|Ho|? 4+ M |Hi|* 4 A2|Ha|* + As| H1|?|H2|? + Ma|H] Ho|? + == {(HIH?,)Z + h.c.}
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Lines from 6D Universal Extra Dimensions (the "Chiral square”)

Burdman, Dobrescu, Ponton’05
Dobrescu, Hooper, Kong, Mahbubani ’07

WIMP=scalar By ("spinless photon") with M~200-500 GeV

‘. BuBu- YV where V= Y, Z and B4 2
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Annihilations into y H?

Scalar DM (=) |e.g. "Chiral Square" (6D UED model), Inert Doublet Model ...

”~N

-_—

Non-relativistic scattering of 2 scalars => The initial state angular momentum is zero

OK if 2 vectors in the final state but vector+scalar final state
requires initial state orbital angular momentum = higher order in v@

Majorana fermion DM @ e.g. heutralino in SUSY

Must also annihilate at higher order in v (initial state S=0)

— Vector DM @

e.g. KK photon in 5D UED, heavy photon in Little Higgs models

OK in gr'inciple but if it annihilates via s-channel scalar exchange:
still v2 -suppressed; if t-channel (box diagrams), this is typically
suppressed by couplings and masses (e.g. in UED or Little Higgs)

=== Dirac Fermion DM @

e.g. Agashe-Servant '04; Belanger-Pukhov-Servant ‘07



Jackson, Servant, Shaughnessy,Tait, Taoso,’09

Dirac Dark Matter annihilation into y H

~ O(1) couplings



l l Jackson, Servant, Shaughnessy,Tait, Taoso,’09
A i@l Slmple effGCTIVZ Theor‘y Agashe-Servant '04; Belanger-Pukhov-Servant ‘07

There is a new spontaneously broken U(1)'.
The WIMP is a Dirac fermion, v, singlet under the SM, charged under U(1)

The only SM particle with a large coupling to the Z' is the top quark

1 v = X v
&= ESM E ZF’I/U/F/H 45 M%/Z'ZLZ/'LL @ g%t’y“PRZ/'LLt B §F//“/F#

SN
Dt = 0,—i(9pPr+9giPL)Z"
dlight) SM fields RH top e A
Ther‘e iS no SM state The WIMP //Ilve here is here (as well as Higgs an )
can decay into: v is stable. ,/

This model is inspired by o, Bulk A
the Randall-Sundrum setup

(warped extra dimension): —

: e ds? = e 2kYdghdsVn,, — dy?

TeV KK modes (such as Z') = -

have enhanced couplings

-l-o RH Top quartk . UV brane e Bulk + IR brane |
! }

SM sector Composite sector

More generally, in models of partial fermion compositeness, natural o expect
that only the top couples sizably to a new strongly interacting sector.




Relic density calculation
(assuming no v v asymmetry)

dominant
channels
v t v > WMVWWWWWWWA~ 27
Z,
/N
v t L, < WWWWWWWWWA~ 7
suppressed
channels
v f v w ~h
2,7 2,7
v f v w* Z,2




Direct detection constraints

n: kinetic mixing

+ — g« n?

< 1)

0.1 w L B

EW precision tests "o"’ ’,-"' o
v-nucleon elastic = L8l SR
scattering cross | R oA

section contours . PR s
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DW%WW mass 1rom el @fé c@éz@éfm

M= 300, 400, 600, 800 GeV , g,”'=g,/S1/2 M= 300, 400, 600, 1000 GeV , g,%'= gii=1 gt =gf=4, M,=300,400,600, 1000 GeV
100 e 100+
1t 1!
0.01; ! < 0.01
1074} 10~
10 ‘ ‘ ‘ R ‘ ‘ ‘ 1076 ‘ ‘ ‘ ‘
50 100 200 500 1000 50 100 200 500 1000 50 100 200 500
M, (GeV) M, (GeV) M, (GeV)

Mom ~ 150 GeV

as the Z' coupling to top and v increases, the
prediction for Mpm gets narrower -> Mpm ~ 150 GeV

for gyl,th/ =1

Y



y signhal from v annihilation

Y
Y ANV Note: no yy line as dictated
' by Landau-Yang theorem
Z At (Z” being the sole portal from
the wimp sector to the SM)
v/ Nl h,Z Z

continuum jumps due to
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How many lines?

region where 2
lines are visible

600 (HY and ZY)
| M; =220 GeV
.r'eglon where the -
'3 lines are vnsuble
(Hy, Zy and Z'Y)5 ]
S , . . .
§ 300 region with 1 line

/ (HY and ZY lines

are merged)

1 - : : : I LEP BOUND M;>114 GeV

iregion with 2 lines;, 100/ .

\(H/Zy and Z'y)

R e o / 100 200 300 400 500
M,[GeV]

assuming energy
resolution of 10%



Line observability in the (Mom - M) plane

.r'eglon where the
'3 lines are visible

‘region with 2 lines,
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/Z{ﬁj e Space!
y-ray lines from the Galactic Center AQ= 107 sr
Z H

M,=149 GeV (g% =g/ =3) M, \I62 GeV (2,7 =5/
h—Mh=17 GeV
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Spectra for parameters leading to
correct relic density and satisfying
direct detection constraints
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y-ray lines from the Galactic Center AQ= 107 sr

Spectra for parameters leading to correct relic density and
satisfying direct detection constraints
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Mz = 400 GeV

Increasing Mz

Mz = 800 GeV

Mz =1TeV
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To recap:

DM almost decouples from light fermions while still
having large couplings to top

Mpyu < M; since the strong coupling to top would
otherwise give a too low relic density (for O(1) couplings).

DM mass is below kinematic threshold for top production
in the zero velocity limit

Virtual top close to threshold can significantly enhance
loop processes producing monochromatic photons.



All SM fermions are uncharged under U(1)

in addition to v, add T (vector-like) charged under U(1)
with same gauge SM quantum numbers as tr

to realize coupling of top quark to Z' and h:
yHQ3tp + pI'tTr + YOI LtR

t

higgs of U(1)

the light mass eigen state identified with top
quark is an admixture of tand T



Yh line from decaying vector dark matter -

WN“ Arina, Hambye, Ibarra, Weniger 0912.4496
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hidden sector non-abelian group SU(2)ns broken by 0
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see D. Horns and L.Strigari's talks



Collider signatures of a top (and DM)-philic Z
T 7 Z' has suppressed couplings to light quarks
f f S5 — 1 -> no observable ¢7 resonances

gqg — tt+ Z' 7
e\_ ....... — = ==

f f = Z/ = ,YH a:::;@ﬁ':'me"nergetic monochromat/ic’q//‘-




L= 10fb‘\F_14Tev
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Summary

Are DM and EW symmetry breaking related ? If so, wimps may
have enhanced couplings to massive states, top, W/Z, H eftc.

DM-Top quark connection (RS and composite Higgs inspired)

Signals of a Higgs from y rays

Observation of y H would indicate that the WIMP is not a scalar nor a
Majorana fermion but most likely a Dirac fermion or a vector

Worth checking whether Higgs is hiding in
gamma-ray telescope’s data
(Fermi, Magic, Hess, Cangaroo, Veritas...)

Complementary Collider signatures (four-top events, under study)



Fvents/Bin

Who will see it first? =

o diffuse bgld
O diffuse bgd + signal

or

o
3

Events / bin / fb™’

CMS ?
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Annexes



Large v line signals compatible with low p and e* fluxes
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