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of the total matter of our Universe

observed experimentally by Planck:
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GOALS

Study of the impact of a more complete particle model
New prediction of DM upper limits with CTA mockdata of Sculptor

* Previously: use of individual annihilation channels
* This work: Collaboration with a theoretician to include a more
complex and more complete model
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INDIRECT SEARCHES

Dark Matter (DM)
annihilation

Standard Model particles
(bosons, quarks, Ieptons) such as Y rays ('\
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Final state products
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INDIRECT SEARCHES i

Expected y-ray flux from DM annihilation Astrophysical
| J tfactor
dd <6V>,J 1 (ov dN
dE 4r 2m; ¢ dE  J Ao Jioe
Particle Physics |
factor

<ov> = annihilation cross-section
m, = DM particle mass

where BR¢ = branching ratio
dN¢/dE = differential spectrum

PDM = DM density (-\
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STATISTICAL ANALYSIS

LOG-LIKELIHOOD RATIO TEST STATISTICS

Constrained
I minimization
ZL({(ov)o| Np, J)
—2In————F—
ng g(<dv>vNBa J)

Global I Ref: Cowan et al, 2010

minimization Eur.Phys.J.C71:1554,2011

- Parameter of interest
Ng, J Nuisance parameters 2.71 at 95% Confidence Level ('\
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UPPER LIMITS
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E CTA SculptordSph ~ ~ 100 h, bb

- o —— 500 h, bb
022 L Statistical errorsonly  _ gqq h. v

w == Fach annihilation channel treated independently
107 ;—

: == (Corresponding to a branching ratio of 100%
10724 ;—\

- ==  Simplest model possible where all DM particles
107 annihilate through the same channel
107%° ;—
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WHAI IF

We change the particle physics model?




SINGLET SCALAR DARK MATTER

Standard model extended by an additional scalar field (DM)

1 1 1
Vscalar 2 2/?“Hvzh2 T 5/’132’52 + Z/lgHvzsz + Z/ISHV‘SQh + /ISHSZh2
L1  pm- Higgs interaction
DM mass ("Higgs portal”)
1
mg o= pg +5/ISHV2
r .

Phenomenology governed by

mg (DM mass)

L Asr; (DM coupling) ]
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SINGLET SCALAR DARK MATTER

Possible dark matter annihilation channels (DM relic density + indirect detection)

I .
i vy S voosT Y Gauge boson final states
\\‘ ______ < \\< g i V = ZO, W=
s Viy S VoS : v
L y N 1
I S hooS ONCEEEEES ®------ h-l ®
b———h---« ‘ S LS JFJ

L S h S h S | S h-l Quark or lepton final states

® . :uadacasabataea 97:
Higgs boson final states / 8 10



SINGLET SCALAR DARK MATTER
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DM coupling vs DM mass

Relic density and branching ratio grid
computed using micrOMEGAs
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DM coupling vs DM mass

Relic density and branching ratio grid
computed using micrOMEGAs

SS—>bb ~90%
SS =1t ~10%
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SINGLET SCALAR DARK MATTER
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DM coupling vs DM mass

Relic density and branching ratio grid

computed using micrOMEGAs N
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New annihilation channels open up,
Higgs resonance at 11, /2




SINGLET SCALAR DARK MATTER

109

. O @ ©
I DM coupling vs DM mass L <
Relic density anc_l bran_ching ratio grid SS—> W™W~ ~50%
computed using micrOMEGAs SS — 7070 259

, 10-1
Ref: Bélanger, Pukhov et al. 2002 - 2022
L _l SS — h°h’  ~25%

SS—>bb ~90%

1072~
SS -1t ~10%
Region of frequent change
of the dominant annihilation channel 10-3
101 © 102 m, 103 104
m m [GeV]
2 my

New annihilation channels open, My
Higgs resonance at 771,,/2 _} All annihilation channels treated all together whose

branching ratio varies with respect to the DM mass 14



SINGLET SCALAR DARK MATTER

Branching Ratio according to the relic density constraint

None of the annihilation channels
are at 100% branching ratio over the full
Ve e o e e e e e e e e mass range
TN
L
L
o 1n0-1 - :
0 10 | E |
“ | —-= bb For the remaining part, we focus on the case
: : ——- TTT" where the relic density constraint is satisfied
| — Wrw- (black line in previous figure):
- ——- 2070
| Q h?% ~ 0.1200 £ 0.0012
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Even In such a simple setup, the
“100% hypothesis  Is not justified...

More complex models Invoke an even
richer phenomenology...




TARGET SOURCE

Sculptor

, 2015 ApJ 808 L3



NEW UPPER LIMITS

Computation of the predicted DM cross section
VS
DM particle mass

@ Expected limits - Sample of 300 Poisson realizations of the simulated background events

v N

Mean expected limits Statistical uncertainty bands
Mean of the derived <ov> distribution Standard deviation at 1 and 2o

2
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(O'V)95% CL (Cm3s—1)

10—19 §
1020
1021
10—22 _
1022

10724

1074°

RESULTS

m, (TeV/c?)

Sculptor, Singlet scalar DM model
-—-—  EXpected
: 1 o error
I Preliminary 2 0 error
011 1 ' 10 ' ”1'00

Predicted upper limit and uncertainties

Assuming a singlet scalar DM model

v-ray spectra taken from Cirelli et al.
JCAP 03 (2011) 051

Inflection point
Due to the Higgs resonance

Sudden increase
Due to the opening of the WW channel
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COMPARISONS

(O'V)95% CL (Cm3s—1)

10—19 §
1020
1021
10—22 _
1022

10724

1074°

SINGLET SCALAR MODEL

VS

Sculptor, Singlet scalar DM model

-
——’
\§__——"—f

100% W+W-

More conservative limit with the singlet
scalar DM model

Below the W mass

No upper limit for 100% WW since the WW
channel does not exist

~0.1-1 TeV

Slight difference between 100% WW and singlet
scalar DM model

Additional contributions: ZZ, hh, tt

Above 1 TeV

m, (TeV/c?)

——- Expected --- W*™W~ Expected
: 1 1oerror —~—~ TT T~ Expected
- Prellmlnary 2 0 error
O 1 1 10

Stability with ~50% WW - 25% ZZ - 25% hh

100 Limits similar to the 100% WW case since

WW, ZZ, hh lead to similar y-ray spectra o0

Yy



CO M PARISO NS SINGLET SCALAR MODEL

(UV)95% CL (CmBS—l)

VS
10719 - 100% 1+T1-
: Sculptor, Singlet scalar DM model
1020 -
100% T+1 produces more y rays
~21 . .
10 Leads to more constraining upper limits
|
10747 However, in the singlet scalar model,
this T*1- channel is never dominant
10—23
,,,,,, 100% 7+1 = over estimation of the
10244 ——- Expected --- W™W~ Expected contribution
: - 1 1oerror ~—- TVYT~ Expected
. Preliminary 2 0 error
0.1 1 10 100

m, (TeV/c?) .



CONCLUSION & PERSPECTIVES

== |Jse of a more complex and more complete particle physics model

- Takes into account the full phenomenology with all annihilation channels at once

=== Change of dominant annihilation channel(s) along with the DM particle mass

== Affects the predicted upper limits

- [eature can be expected In any particle physics model

- Derivation of a predicted upper limit and its 10 and 2o uncertainty bands over the
energy range of CTA

== Particle physics model could be used as well on the future data of CTA

- Paper in preparation
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Thanks for your attention
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STATISTICAL ANALYSIS

Total likelihood

F(ov),Ng. ) = | [ Zp(0v). Ny, T I Nox» Nogs 0L (I | ], 0))

=1 I I I I
Poisson likelihood Log-normal
likelihood
Poisson likelihood for each energy bin Log-normal likelihood to model the
uncertainties of the J factor
(N s+ N B.)NONi (aNg )NOFFi
P _ i i _(NS NB) —OINB l J — 1 j 2
: I € ] 1 (logyyJ —logyy /)
Non Norr,! L = exp >
I T ) In(10)\/276,J 207

ON REGION OFF REGION 05



COMPARISONS

(O'V)95% CL (Cm3s—1)

1019 -
Sculptor, Singlet scalar DM model
10_20 E
1021 -
10-22 -
10-23 -
10—24_; —————————— - —~- Expected -—- W*TW~ Expected
1 loerror ~—- T*YT~ Expected
| Preliminary #OEMOT - bb Expected
10_25 L ' T — r T T T T T —TT
0.1 1 10 100

m, (TeV/c?)
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COMPARISONS

(ov)

1022 ;
10~23 ;
1024 ;
102> ;

10—26

\) //

—— Prediction for Qh? =0.12
—— Upper limit singlet scalar
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COMPARISONS

Y primary spectra
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107!

dN/d log x

Ref: Cirelli et al. JCAP 03 (2011) 051

Y primary spectra
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DM annihilation channel
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