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DM phenomenology
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# Particle: DM-SM interaction, DM mass, spin, quantum numbers, symmetry...

# Cosmology: why observed relic density, cold or warm, distribution, relation to baryon,
dark energy, structure formation...

# Ways:(1)Use available data to constrain known DM model
(2)Build self-consistent model to explain the experiment results
(3)Predict possible signals in the future DM detection experiments.
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Search for DM at efte colliders

# Advantage: No large QCD background;
precise beam energy; polarized beams;
can precisely measure the mass, spin, and other quantum numbers of DM

# Search for interactions between the DM and electrons/EW gauge bosons

# Disadvantage: Low CM energy;
difficult to directly detect heavy DM




Gamma-ray line and mono-

photon

Gamma-ray line is a critical evidence of
DM annihilation/decay

~3-4 ¢ signals reported by some groups

Not confirmed by the Fermi-LAT
collaboration; possible instrumental
effect

Search for corresponding mono-photon
signals at future e*e colliders
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Effective operators

1

# Dirac Fermion DM Or = FfiTSR’F‘quHv

4m* 4 .
(D' U) - ~ I 10—2? CI'HB 5—1 m, 1272 GeV
LT T S 130 GeV A

Mass scale for ~100 GeV and a detectable cross section is ~TeV

Similar for scalar DM

# Signature: mono-photon # Backgrounds: mainly vvy
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Kinematical cuts
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T T T T I T T T T I T T T T I T T T T I T T T T T T I T I T I T I T | T | T I T
102 b e*e” vy  —— Fermionic DM - 10° £ e'e” = viry Fermionic DM =
E e'e” —e'e’y —— Scalar DM 3 E e*e” —e’e’y —— Scalar DM 3
-~ I 7Y pole 1| = i 1
E 10! e F = @ 10" - |
o 1l F ]
£ C 112 i ]
§10° ¢ EIGRLAS .
E - 1| ¢
2 i T 5 - ]
S0t 1 | T 10k E
10‘2 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 10_2 i I L I | I | I L I L | L | L I |
0 100 200 300 ,. 400 0] 0° o0° 40° 60° a0° 100° 120° 140° 1B0° 180°
Mmigs = [ ( Pe~+ Pg* — F’;sz ]1 % (GeV) 4,
e'e collider, vs =500 GeV, y+E
T T T T I T T T T | T T T T I T T T T | T T T T
102 5 e'e = vy Fermionic DM = % :
: o o6y — Scalar DM 1| # Photons in the signal are hard and
T - not be close to beams
> 10 ¢ 3 :
s F 1| # Reject50<m, ;<130 GeV
_ﬂ = = [ ]
= 00 L 1| # Require 30°< 0, <150°
.\-bIT E 3 Y
~ - . $ 1
5 | ] Require p, > sqrt(s)/10
10" B <
10'2 i P R N TR T N N AN NN NN A Lo | |
0 50 100 150 200 250

pt (GeV)




Sensitivities

# Consider possible e*e- colliders with CM energies of 250, 500, 1000 and 3000 GeV
# 3 o reaches for mass scale and annihilation cross section
# Require large luminosities
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Beam polarization

clee —vvy) lib] + Polarized beams would be available at the

future ete” collider
# e.g attheILC (P_,P, )~(0.8,-0.3)

# Main EW backgrounds are induced by
chiral interactions ; can be reduced by
polarized beams

Positron polarization P+

# Using polarized beams ~ increasing
luminosity by a factor of one order
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Results for DM interactions with
electron/positron

# Consider operators

1

Oc = AN

'y xel'ce FX* I'. € {1 Vg, T, Vs, G.,u,y}

photon is emitted from initial state radiation
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Mono-Z sighals

# DM can interact with both the photon and Z boson
# Consider effective operators

1 1
— = uy = a auy
Op = —A? X xB,,B"" + _Ag XXWiW

D ZX(GZZZu.vZuv + GAZA an’)
1 _. -
Opz = A_?XWSXB”B + —zstxWﬁvW“‘“’
2 fiY5X(GzzZmZW + GAZAWZW)

1 ; m3
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¢ 7 boson can also com from initial state radiation
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Reconstruct Z->jj

# Small QCD background at e*e- colliders;
reconstruct Z boson via hadronic channel

# Main background: jjvv, jjlv, tt
# Require two jets satisfying 40 <m;; <95 GeV
5 _ . —p. )2
¢ Reconstruct recoil mass |m,ec = 1/(pe+ + pe- —Pj, — P;,)
# Similar for Z->11
1 e*e collider, Vs = 500 GeV, jj+E e'e collider, s = 500 GeV, jj +E
% 1(} :I LI I T 17T I 1T 17T | T T T T I T 1T T T I LI I: 041{) _I LI I T T T T | LI I T 1T T T I LI I LI I_
O : Jivv : 0.09 | :r"i — jjvv 4
o 10’ £ —— v 4 || oo | 1 — v ]
= — - € 007 | | . o
g 10-1 I F1 g"} 006 B | _i '_E F1 ]
8 —F2 |2 F | Pl ——F2
; e || [Roost I ) ey
8102 ¢ TN o | [ 004r : s T .
Q o - 4
T T R S S 0.03 |- -
o 7 L L | -
§10° 1 || oe2p i :
@ ] 0.01 -
E 10"4 PR R B R T U‘OD L L
0 100 200 300 400 500 600 0 600
m;; (GeV)




Reaches

# 3 o reaches for interactions between the DM and gauge bosons
# Assume: 1000 fb! of data; A=A=A,
# Compare with the limit from Fermi observations of dwarf galaxies
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Reaches

# 3 o reaches for interactions between the DM and electrons/positrons
# Compare with the limit from Fermi observations of dwarf galaxies
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Search for DM at pp colliders

pp collider, monojet + ET, A2 vty 974

SppC 100 TeV, 3ab'

Advantage: large energy and luminosity
for DM production

Disadvantage: large backgrounds
Reaches for effective operator

Better for light DM and spin-dependent
interactions
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Breakdown of EFT

q X

q X

EFT is valid for heavy mediator if

Q<<m, 4

9a9x . a9 (4 Q
Q2 — Tn?ned '."".*'32 m

med

A= Mmed
 V/9q 9y
If Q>m

med 7

In this case, the mediator can be directly

produced

Gq Jx ~ Gq 9x (1 + nled
F-ntn e

e.g. Buchmueller at al, 1308.6799
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# EFT can not describe resonance effect
# Unitarily bound; small width limit;
t-channel mediator....

pp collider, monojet + Er, A2 xviy rfypq

SppC 100 TeV, Sab

1 L1 aaark




From EFT to simplified model

# (minimal) simplified models including Z’
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Sensitivities of SppC
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. 50 TeV pp collider, 3 ab', FA
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Summary

# Difficult to directly detect DM signals at e*e- colliders

# Collider has strong capability to search for the light DM

# EFT is not valid at future hadron colliders; simplified models should
be taken into account

# Complementary to direct and indirect detections




Summary

# Difficult to directly detect DM signals at e*e- colliders

# Collider has strong capability to search for the light DM

# EFT is not valid at future hadron colliders; simplified models should
be taken into account

# Complementary to direct and indirect detections

Thank you !
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