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Dark matter reconstruction
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If an unmistakeable detection is made in direct and/or indirect
detection, how well can one reconstruct simple WIMP properties?
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wewes | Motivation: dark matter signals
P (SUSY case)
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Signals are expected soon in both direct
detection and gamma rays (CTA)
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Motivation: WIMPs beyond SUSY

Signals in direct detection and/or gamma rays are not limited to SUSY models

Example: Higgs portal
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e.g. Bishara, Brod, Uttayarat, Zupan 1504.04022
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Parameter space relic density:
signals expected DD + dSphs!

my ~ 100 — 500 GeV
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Benchmark pts (mock signals)
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Benchmark pts (mock signals)
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Fit parameters through MC scan
Profile likelihood:

L(m) = p(d|§(m))
O0x? = —2In(L/Lmax)

d mock data

m scanned parameters

¢ observables

| Symbol | Parameter ‘ Scan range | Prior distribution |
(1 WIMP mass 10 — 10000 GeV log
ov Annihilation cross section 107° —107*" cm®/s log
O'SI Spin-independent cross section 0™ =107 ¢n* log
Hadronic benchmark points
fop Branching ratio bb final state 0-1* See text
fww Branching ratio WW final state 0-1 See text
Thn Branching ratio hh final state 0-1 See text
o Branching ratio 77 final state 0—-1 See text
Leptonic benchmark point -BP4(d)
fiep Branching ratio leptons 0-—1* See text
Thaa Branching ratio hadrons 0—-1 See text
2 Branching ratio 77 final state 0-1 See text
Nuisance parameters
Vo Circular velocity 220 + 20 km/s Gaussian
Vesc Escape velocity 544 + 40 km/s Gaussian
Po Local DM density 0.3 £0.1GeV/cm® Gaussian
YNFW NFW slope parameter 1.20 £0.15 Gaussian

*The sum of the branching ratios is 1 and the prior is a modified Dirichlet distribution (see text).



Uncertainties

* Direct detection in underground labs:

Measure the differential rate of struck nucleon:

dR JSI PR
il A F<(F R g Umin, U I o
d ER meﬂip N ( ) ( min esc) g(vmina erSC) : 20

/ Umln< |V| <UGSC \

Uncertainties encoded in nuisance parameters:

v

* y rays from dSphs in Fermi-LAT detector:

Measure the y-ray flux: Flux uncertainties:
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Uncertainties

 y rays from GC in CTA detector:

Measure the y-ray flux:

dd dN. 1 0y _ dN
( ) i (JAQ 1 4 5 / dEsIicao(E, Es) ei)
GC b

E — 87'{"]7’],%/( dE Me dES
Uncertainties halo profile \ /
Parametrize by Annihilation final state
YNFW, PO

DM signal:
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Energy resolution uncertainties
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v-ray background uncertainties GC

In each energy bin / the observed signal has 3 indep. components:

pij (RE™, RiPP) = ™ + Ry + Ry PP pgPt

(Y]

Solution: Fit DM signal and bg independently in different regions of the sky:
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Example: split sky in 4 regions:
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“3” does the trick:

Roszkowski, Sessolo, Trojanowski, Williams (2016)
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CTA ring method 2 regions
3regions  +
4regions -~

y

m,= 1000 GeV
(ov)= 210725 cm®/s (W*W")

0.1 1
m, (TeV)

10 [0



Direct detection reconstruction
(Xe, Ge, Ar)

95% C.L. regions:

Roszkowski, Sessolo, Trojanowski, Williams (2016) Roszkowski, Sessolo, Trojanowski, Williams (2016)
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« My =25 GeV good!

e The spectrum of nuclear recoils is insensitive to the WIMP mass
when this is greater than that of the target nucleus.

e Larger masses are up the degeneracy band (fig looks the same)
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Direct detection reconstruction
(Xe, Ge, Ar)

95% C.L. regions:

Roszkowski, Sessolo, Trojanowski, Williams (2016) Roszkowski, Sessolo, Trojanowski, Williams (2016)
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e Reconstruction lost if osi down by 1 order of magnitude

« Exposure plays fundamental role (negligible BG)
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Fermi-LAT + Xenon-1T (myx = 25 GeV)

Roszkowski, Sessolo, Trojanowski, Williams (2016) Roszkowski, Sessolo, Trojanowski, Williams (2016)
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Fermi-LAT + Xenon-1T (myx = 25 GeV)

Roszkowski, Sessolo, Trojanowski, Williams (2016)

Roszkowski, Sessolo, Trojanowski, Williams (2016)
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More complementarity (myx = 100-250 GeV)
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SUSY 2016

Roszkowski, Sessolo, Trojanowski, Williams (2016)
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(oVv) (cm3/s)

Fermi-LAT + CTA (myx = 1000 GeV)

Roszkowski, Sessolo, Trojanowski, Williams (2016)
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Quality of reconstruction strongly depends on final state of real signal...
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Final state reconstruction

Roszkowski, Sessolo, Trojanowski, Williams (2016)
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How to improve bb CTA reconstruction?

Roszkowski, Sessolo, Trojanowski, Williams (2016) Roszkowski, Sessolo, Trojanowski, Williams (2016)
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... Significant improvement in mass reconstruction!
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To take home:

e \WIMP signals appearing in different experiments are well motivated
@ WIMP reconstruction depends on treatment of uncertainties

@ Complementarity of DD/gamma rays helps reconstructing in low/moderate
mass WIMPs

@ CTA has very high resolution in large mass regime

@ Morphological analysis, + exposure, monochromatic lines can be used to increase
precision

SUSY 2016, 05/07/2016 Enrico Maria Sessolo
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Figure 6: Nuclear recoil acceptance of the dark matter search box. Acceptance is fixed at 90%
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(ov) (cm°/s)

SUSY 2016, 05/07/2016
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