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Multipartite Dark matter models

Non-Thermal
Production

Coupled Boltzmann Equations to determine relic contribution
Conversions between dark matter components (WIMP-WIMP)

Modified freeze-out (WIMP-WIMP)
Modified direct search cross-section (WIMP-WIMP)
Larger allowed parameter space

Thermal
Production

Freeze-out Freeze-In
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Dark matter-Visible
sector interaction is
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Dark matter self
interaction is
Strong

Dark matter-Visible
sector interaction is
Weak

All possible combinations:

Multipartite Dark Matter
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Collider Signal of Dark Matter

LHC can produce heavier
particles beyond the SM that

decay to WIMP pairs and SM Il
particles 4‘

l ultilepton /A Multﬂet

| LHC can directly produce
WIMP pairs

Missing Energy (ME)

E:\/g_zEviS; -
/4

7Y

Mono-X signatures
5 LHC cannot produce WIMPs i

Tim Tait

Slide adapted from Tim Tait talk at Moriond

* Due to beam polarisation and longitudinal degrees of freedom, ILC is more useful than LHC.

* Due large number of variables, multilepton signals from cascade turn more useful than mono-X signal.




Collider signal of two component DM

T'he peak of the ME distribution depends on both DM mass and splitting
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Signal plus background and polarisation

Hadronically quiet ) .
opposite sign dilepton vt 0
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No of events

Lepton Energy Cut

E, < 150 GeV Egl < 200 GeV
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e [epton energy distribution is complementary to ME distribution.

* A judicious cut on Lepton energy not only reduces the background, but
also helps to highlight first peak by aligning it to the first signal peak.
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Conditions in terms of Luminosity
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Summary and Conclusions

< 1 wo dark sectors producing DM via cascade decay can yield two humps in the
" ME/MET spectra; ME does better than MET; thus ILC is a better machine
explore such possibilities.

<> 1he separation of the peaks depend on m, Am; while the height also depend
" on them via production cross-section. Both are crucially controlled by DM
constraints.

i SM background can play foul, where beam polarisation at ILC and lepton energy
cut for 2-lepton final state as studied, comes handy.

The distinction criteria are sensitive to the lepton energy cut for the chosen
final state. If the cut is too stringent, the two-peak nature is lost, if the cut is
relaxed, the second peak becomes insignificant compared to the first, requiring
an optimisation.

«» Conditions C1, C2, C3, C4 involving R¢o1, Ros, Ros and R4 variables respec-
tively, can successtully distinguish double peak behaviour in the ME spectrum.
Among them, R4 turns out to be the best.

¢ Large luminosity helps avoiding statistical fluctuation and satistying the condi-
~ tions to segregate the peaks.
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Model Example: Scalar+Fermion
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DM constraints and Benchmark points
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myo (Mpmy) [GeV] my, (Mpm2) [GeV]
SDM sector FDM sector 5 5 off 5 off 5
BP5 | (mgo. Amy, Ar) | fmy,, Amo,singy | P | Pah” | oo () | oy (em) | BR(Hum)%
BP1 100, 10, 0.01 60.5, 370, 0.022 0.00221 0.1195 3.45 x 10746 | 2.03 x 10—47 0.25
BP2 100, 10, 0.01 58.91, 285, 0.032 0.00221 | 0.10962 | 3.45 x 10~46 | 5.38 x 1047 1.60
BP3 100, 10, 0.01 58.87, 176, 0.04 0.00221 | 0.11941 | 3.45 x 10~46 | 5.00 x 1047 1.50
BP4 100, 10, 0.01 58.48, 190, 0.042 | 0.00221 | 0.1114 | 3.45x 10~%% | 7.01 x 10=47 2.4
Benchmarks Collider cross-section (fb)
Ttotal (OSD) 0 4+ 4— (OSD) O y+4— (OSD)
Vs | Points P1 P2 P3 P1 P2 P3 P1 P2 P3
0o | BPL [ 232(108) | 115(55) | 58.5(2.75) | 57.4(2.9) | 28.9(1.5) | 14.5(0.75) | 173(8.4) | 83.0(4.0) | 44.0(2.0)
BP2 | 276(13.4) | 141(6.6) | 70.0(3.3) | 57.4(2.9) | 28.9(1.5) | 14.5(0.75) | 218(10.4) | 111(5.3) | 55.5(2.7)
~0p | BP3 [ 686(33.0) [ 339(15.9) | 168.1(7.8) | 180(8.9) | 90.3(4.5) | 44.3(2.3) | 494(22.2) | 253(11.3) | 123.8(5.5)
7 BP4 | 345(16.7) | 170(8.4) | 83.5(3.9) | 180(8.9) | 90.3(4.5) | 44.3(2.3) | 171.4(7.4) | 82.4(3.9) | 39.2(1.9)
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* Higgs resonance region for
FDM sector to account for
DM constraints

« BP1, BP2 can be probed with
1000 GeV CM energy, BP3,
BP4 at 500 GeV

 Polarisation P3 helps
reducing the SM background



20.5-

19.5-

19.0

% v*=24.93
{ u1 » 811.89, 1, - 932.93,

|||||

g1 = 60.00, g,» 19.82}

G(py, 013 p2,02) = Ay e

58.5

590 595
01

(fB—M;)2

Gaussian Fitting

2000 - x“=24.93 (min.)
Q x?/d.o.f =0.62 ; “\\ ] !
L 1500 .
@ I,I \\\ ”l ‘L
% ’,I' \ \/II “‘
2 1000 , “‘
] .‘
B ! |
S
. 500
Pl G(x)=38.55 + 1701.51 e 29° +1701.51 e 2%°
0_;,,.._1-———"‘_"_
600 700 800 900 1000
t (= Missing E [GeV])
Minimize:
2
(I—Mzg)
20 2
2 : e
+Az € +B. X“(p1,01; p2,02) =

20.5

20.0

19.5-

19.0-

M =811.89, p, =932.93

500 595 600 605

Y?/d.o.f < 1 is statistically acurate

29

28



