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Motivations for an effective model of WIMP

Theories beyond the Standard Model (SUSY, KK, etc.) offer excellent
candidates, but waiting for the LHC, we still don’t know what is the
quantum nature of Dark Matter.
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Motivations for an effective model of WIMP

Theories beyond the Standard Model (SUSY, KK, etc.) offer excellent
candidates, but waiting for the LHC, we still don’t know what is the
guantum nature of Dark Matter.

Gamma-ray fluxes predicted in the frame of SUSY models are rather
low : is this due to the specificities of their phenomenologies, besides
constraints coming from cosmology (relic density) ?
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Integrated Flux (cm™ s™)

Motivations for an effective model of WIMP

Theories beyond the Standard Model (SUSY, KK, etc.) offer excellent
candidates, but waiting for the LHC, we still don’t know what is the
guantum nature of Dark Matter.

Gamma-ray fluxes predicted in the frame of SUSY models are rather
low : is this due to the specificities of their phenomenologies, besides
constraints coming from cosmology (relic density) ?

tan(B) < 30

Integrated ~-flux above 50 GeV from

a o ninbnpaie galaxy M31 in mMSUGRA framework, and

) 7 e CELESTE 95%-exclusion limits (Lavalle &

Py e : 3 the CELESTE collaboration, 2004), using

) ' ' Suspect (Djouadi, Kneur & Moultaka) and
DarkSusy (Gondolo et al.) codes.
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Motivations for an effective model of WIMP

Theories beyond the Standard Model (SUSY, KK, etc.) offer excellent
candidates, but waiting for the LHC, we still don’t know what is the
guantum nature of Dark Matter.

Gamma-ray fluxes predicted in the frame of these models are rather low :
IS this due to the specificities of their phenomenologies, besides
constraints coming from cosmology (relic density) ?

What become predictions if a more general modelling is considered
? Have current gamma-ray experiments already excluded some cou-
pling or mass configurations ?
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Motivations for an effective model of WIMP

Theories beyond the Standard Model (SUSY, KK, etc.) offer excellent
candidates, but waiting for the LHC, we still don’t know what is the
guantum nature of Dark Matter.

Gamma-ray fluxes predicted in the frame of these models are rather low :
IS this due to the specificities of their phenomenologies, besides
constraints coming from cosmology (relic density) ?

What become predictions if a more general modelling is considered ?
Have current gamma-ray experiments already excluded some coupling or
mass configurations ?

Can we provide a simple tool dealing with different scenarios — parti-
cles with different guantum numbers (fermion, scalar or vector) — easy
to relate to existing phenomenological models ?
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Motivations for an effective model of WIMP

Theories beyond the Standard Model (SUSY, KK, etc.) offer excellent
candidates, but waiting for the LHC, we still don’t know what is the
guantum nature of Dark Matter.

Gamma-ray fluxes predicted in the frame of these models are rather low :
IS this due to the specificities of their phenomenologies, besides
constraints coming from cosmology (relic density) ?

What become predictions if a more general modelling is considered ?
Have current gamma-ray experiments already excluded some coupling or
mass configurations ?

Can we provide a simple tool dealing with different scenarios — different
guantum particles (fermion, scalar or vector) — easy to relate to existing
phenomenological models ?

We can try to answer those questions by constructing and studying
an effective lagrangian.
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The aim

Write a general lagrangian that couples WIMPs to
Standard Model particles (adding also new scalar and
fermionic fi elds).

Calculate analytically the annihilation cross section.

Estimate the relic abundance of these WIMPSs.

Estimate the gamma-ray fuxes due to annihilation in
the halos of galaxies.

Compare to existing phenomenological models (SUSY,
KK, ...).
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The aim

Write a general lagrangian that couples WIMPs to
Standard Model particles (adding also new scalar and
fermionic fi elds).

Calculate analytically the annihilation cross section.

Estimate the relic abundance of these WIMPSs.

Estimate the gamma-ray fuxes due to annihilation in
the halos of galaxies.

Compare to existing phenomenological models (SUSY,
KK, ...).

— This talk : fermionic WIMPs (compared to neutralinos).
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The Effective Lagrangian

A general lagrangian can be expressed as :

Lett = Liinetic + X(C1)XxP0 + X" (C2)xZ,
+ 3 [Fepreo+ FrCp12]
fermions
+ ) X(Cy) fidgi
1€Q
(HZWW] + [poWW] + [poZZ] + [thaxW])
+(h.h.)

We only consider yy — ff,WW, ZZ (no Higgs in final states).
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How to mimic the MSSM ?

This effective model can easily be connected to the MSSM, due
to those diagrams :

G fi

¢0<_>A7H7h X

X W
Z
X W
Vo < X .
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Couplings and free parameters

Each coupling to a scalar field is given by :

Nota :
Coupling to Z boson : axial-vector for Majorana, vector+axial-

vector for Dirac particles.

The free parameters are :
masses m,, Mg,, M, and My ;

right- and left-hnanded couplings corresponding to the new inter-
actions.
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Relic abundance

Solve the Boltzmann equation (without co-annihilation) :

Departure from equilibrium and thermal decoupling from primordial radiation
when H > I'gnninilation (CDM : typically for x = m, /T ~ 20).
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Our model :

neq(t) = Maxwell-Boltzmann
distribution ;

Taylor expansion in powers of 1 :
< OannVrel >=a + b/x +c/x% + d/x>
(cf. Srednicki et al., 1988) ;

expected law :

—1
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Gamma-Ray fluxes

WIMPs should annihilate in the centres of galaxies :

we only consider here the continuum emission due to
hadronization of quark and gauge boson final states

Nota : S-wave only contributes to the annihilation today
(v~ 0)
The expected differential fux within 2 srad is given by :

dE 8mm?2

X

AN, (E)
dO(E) _ 2i —gp X < Oxx—m0X XU > / / p*(s) ds dQ
sight J Q2

Julien Lavalle, Rencontres de Moriond, 18/03/2005 — p.14/3:



Gamma-Ray fluxes

WIMPs should annihilate in the centers of galaxies :

we only consider here the continuum emission due to
hadronization of quark and gauge boson final states

Nota : S-wave only contributes to the annihilation today
(v~ 0)

The expected differential fux within 2 srad is given by :

dN,.i(E)
A0y (E) _ 2. —gp X < Oxx—m0x XV >i/ / p(s) ds dQ
sight JQ

dE 87Tm§<

Particle Physics part : Astrophysics part :
— ~-spectrum, — density profile (NFW o 71
annihilation cross section Moore o r~!-®) constrained by

star rotation curves
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Hadronization of quarks and gauge bosons

b, x Zz‘equarks, bosons Vi < OiUrel >

We have to estimate the v-spectrum coming from hadronization
for each final state — before summing over
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Hadronization of quarks and gauge bosons

b, x Zz‘equarks, posons L Vi < OiUrel >

We have to estimate the v-spectrum coming from hadronization
for each final state — before summing over

fit Pythia Monte-Carlo distributions

defi ne a simple spectrum function for each fi nal state
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Example : gamma-spectra from quark fragmentation

| Mean number of gamma per annihilation
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Pythia simulations for quark fragmentation :  °s

bb, s3,

, dd,

confirm the necessity to have one
parametric function per final state;

[ qq fragmentation, M, = 100 GeV | X/ ndf 136.4 /62 [ qq fragmentation, M, = 150 GeV | x°/ ndf 82.02/61
) 0.6592 + 0.0260 92 po 0.5908 + 0.0273
o> F p1 -0.8989 + 0.0735 > p1 -0.9003 + 0.1080
T r p2 1.338 +0.025 s | p2 1.373 +0.042
3 b1 p3 0.6938 + 0.0397 3 4F p3 0.8119 + 0.0462
= pa 0.9325 + 0.0397 = T pa 1.173 +0.045
cor p5 0.9441+0.0183 A p5 1.011+0.019
08| 08l
0.6 06
0.4 0.4 -
02[- 02
ol ' o) I—
-10 -4 2 2 4 -10 8
In(E,)
[ qg fragmentation, M, =200 GeV | X/ ndf 164.8/64 [ g fragmentation, M, =250 GeV | X/ ndf 141.6 /65
0.611+0.016 0.5841+ 0.0153
> F -0.7869 + 0.0720 Bl2F -0.8895 +0.0728
=z F 1.383 +0.031 s I 1.35+0.03
R 0.879 + 0.029 s [ 0.9632 +0.0254
= 1.506 + 0.032 = 1= 1.601+ 0.033
° L 0.9744 +0.0133 ° [ 1.039 +0.014
0.8~ 0.8
o 0.6—
04 04
0.2~ 02f
9% a5

a very simple function has been found : f(E~,my)
(rather good x2 ~ 1 — 2)
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Example : gamma-spectra from quark fragmentation

| Mean number of gamma per annihilation |

c 32 L [__qq fragmentation, M, =100 GeV__| X/ ndf 136.4/ 62 [ qq fragmentation, M, = 150 GeV | X2 I ndf 82.02/61
= - po 0.6592 + 0.0260 12 po 0.5908 +0.0273
“'U' — ’LI} + pl -0.8989 + 0.0735 ﬁ L pl -0.9003 + 0.1080
= 30— =2 p2 1.338 £0.025 e f p2 1.373 £ 0.042
= C s 4L p3 0.6938 +0.0397 = p3 08119+ 0.0462
S . = F pa 0.9325 +0.0397 Z F pa 1.173+0.045
S n c r p5 0.9441:+0.0183 s | p5 1.011+0.019
Z C C
C : 08l
Iz 26— C C
C ! o6
24— L L
= ! 04
22— ¥ ¥
- 2f 02f
20— B -
18— 9% 8 6 4 2 0 2 4 iy 8
= In(E,)
16 — [ qg fragmentation, M, =200 GeV | x* I ndf 164.8/64 [ g fragmentation, M, =250 GeV | X/ ndf 141.6/65
L 0.611+0.016 po 0.5841+0.0153
14LC P T NI T (S I S a OTE 0o a2 SR
g or 3830, gt b 3540,
O 200 400 600 800 1000 1200 g 1'_ 0.879 £ 0.029 g - p3 0.9632 £ 0.0254
M, (Gev) = T 1506 + 0.032 > - 1.601+ 0.033
e o 0.9744 +0.0133 e N 1.039 £0.014
0.8 08 L
Pythia simulations for quark fragmentation :  °¢
bb, 55, 7, dd
y S5, ' ) . C -
0.2~ 0.2f~
L L L L
9 I —

confirm the necessity to have one =
parametric function per final state;

a very simple function has been found : f(E~,my)

(rather good x2 ~ 1 — 2)
— quite different functions from previous Bergstrom or Tasitsiomi
parametrizations, because taking into account the low energy features.
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From the Effective Lagrangian to Predictions

Analytic calculations ... :
1. Annihilation cross section yxy — ff,WTW~,ZZ

2. Taylor expansion of < ov > up to the 3*4 order in z

... give the whole set of ingredients to estimate numerically :

the relic abundance Q, h?

the ~-fux and spectrum, given the astrophysical
contribution

— this allows to make comparison with the MSSM
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Effective parameter space

We chose a particle type:

x IS a Majorana fermion ;

We performed a random scan over :
50 < m,, < 1000 GeV ;
100 < My, < 1000 GeV (scalar s-channel) ;
100 < My, < 1000 GeV (scalars t-u-channels) ;
1.5m, < M,, <1000 GeV (charged fermion ¢-u-channels) ;
right- and left-handed couplings| < 0.5 ;
Q,h* > 1077,
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<gv> (GeV'zc) at decoupling time

Results for a Majorana WIMP :
~v-fluxes from the Spiral galaxy M31
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In red 2, h? > 0.01, (for reference, WMAP gives Qcpnvh? = 0.113 4= 0.009).
— Relic density goes like Q, h? « [< oAV >];deeC

— Integrated fluxes above 50 GeV seem to be a little bit

higher than the MSSM

(reference value of 10~ 13ph.cm—2s~1)
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Results for a Majorana WIMP :
~v-fluxes from the Spiral galaxy M31
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Just a bit more optimistic than the MSSM, but :

the MSSM favours production of heavy and down quarks (bb), because of
Yukawa couplings o« m4, and because of chiral symetry provided by
gauge couplings : How does this modify our predictions ?

Is there a way to maximize the S-wave contribution of < ocv > compared to
higher order terms ?

Julien Lavalle, Rencontres de Moriond, 18/03/2005 — p.23/3:



@ (E,>50 GeV) in cm®s™ within 5.10° rad fov
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Unplugged final state bosons,
and couplings to scalar oc m¢
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Effect of Yukawa-like couplings : an-
nihilation into ¢t dominates as soon
as m, > mq. This increases also the
gamma fluxes.

This effect is suppressed by a factor
(tan 3)~! and by destructive interfer-
ences in the MSSM.
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So what ?

The main limitation to gamma-ray fuxes comes from
the relic density limits, as expected (can be less
stringent due to non-thermal production of WIMPs, or
guintessencial cosmology — cf. Salati, 2002).

Nonetheless, relaxing the constraints of SUSY models
allows to explore more optimistic schemes for indirect
detection.
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So what ?

The main limitation to gamma-ray fuxes comes from
the relic density limits, as expected (can be less
stringent due to non-thermal production of WIMPs, or
guintessencial cosmology — cf. Salati, 2002).

Nonetheless, relaxing the constraints of SUSY models
allows to explore more optimistic schemes for indirect
detection.

— How gamma-ray experiments can constrain
this effective approach ?
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Gamma-ray Experiments . Detection Potential
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Gamma-ray Experiments . Detection Potential

<ov>incms?
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Gamma-ray Experiments . Detection Potential
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Gamma-ray Experiments . Detection Potential

<ov>incms?

107"%cm™?s™" at 50 GeV
10%cm?s™" at 100 GeV
10 "cm™?s™" at 50 GeV
10%cm™@s™ at 0.1 GeV
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Gamma-ray Experiments . Detection Potential

107%cm™s™ at 50 GeV
10%cm™s™ at 100 GeV
10" "ecm™s™ at 50 GeV
10%cm™s™ at 0.1 GeV
107%m™s™ at 0.1 GeV
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_' g A model mdeperldent approach allows to explore more possubllltres :

for Dark Matter phenomenology G e T

-

* The maln I|m|t for gamma- ray productlon comes from cosmologlcal
i conS|derauons (rellc denS|ty) thrs could berSomehow a b|t relaxed
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