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INTRODUCTION

The gamma-ray signal from annthilating dark matter:

B(E,, 1)

DM Halo protfile:

gv

p(r) =

B 8mm4 dE,

p*(r)dl

(r/R)'[1 + (r/ R)*] =/

i R (kpe)
Kra 2.0 3.0 0.4 10.0
NFW 1.0 3.0 1.0 20.0
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Tso 2.0 2.0 0 3.5
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| I NTRO D U CTI O N —FERMI-LAT GEV EXCESS

Dan Hooper et al(arXiv: (U462 56763%)

O Galactic center gamma-ray excess tn Fermi—LAT

o The spectrum of the gamma ray excess peaks ot ~3 GeV

O The Fermi—-LAT GeV gamma-ray excess with a
spectrum and morphology
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I NTRO D U CTI O N —FERMI-LAT GEV EXCESS

Dan Hooper et al(arXiv: (462 6763)

GeV gomma ray excess 1s very well f1t by 36~uoGeV
DM particles annthtlating to b quark final states

Required cross section is g v ~ 2*l67%* cm?/s

Leptonic final state analysts
Focus on prompt gamma ray emission

Annthtlation of DM 1nto pure lepton final states does not
provide a good fit
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I NTRO D U CTI O N —FERMI-LAT GEV EXCESS

Joseph Stlk et al.(arXiv: (463.1987)

Omitting the photon emission originating from

primary and secondary electrons

Wrong conclusion : lepton final state = bad fit
Including Inverse Compton Scattering and
Bremsstroahlung contributions from electrons

Annthtlation of DM 1nto pure leptons provide a good fit

mpy =10 GeV, B=3 uG, n,, =10 cm? leptons mpy =10 GeV, B=3 uG, n , =3 cm %, 2/3mu+1/3tau

== prompt only == prompt only

= prompt +IC +brem

= prompt +1C +brem

E
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LepToPHILIC Z DM MODEL

AMS-62 Collaboration (PRL [(3(2614) 221(62)

Recent indirect detection experiments

excess Tn positron fraction, but not 1tn antiproton

Positron fraction
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LEPTOPHILIC Z DM MODEL

New gauge symmetry U(l);, 1. has Tnfluence on the

2"! and 3" generations of leptons

Dirac fermion plays a role of dark matter

Charges of new particle under the gauged

L L “L . symmetry

particle

(W

L,u — (V,LLLHUJL> s HRy VpR

Lf,- — (VTL;TL) s TRy VrR

others

charge

Q ’lj'}

+1

—1

0

The charge sign between 2" generation of leptons and 3"9

generation of leptons T1s opposite

DM charge: free parameter
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LEPTOPHILIC Z DM MODEL

Model set—up

1 _ 1 —
LD Lsy — ZZ(‘;BZ’C“B + i1hy, 0% + EmQZ,Z;Z'O“ — Myt

+gQuZiby Y+ g7, Y Qi S

f:/J’aTaVMaVT

New gauge boson zZ Plays a role of messenger particle
between DM and the SM leptons

New parameters : g, my, Qip, mz:
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LEPTOPHILIC Z DM MODEL

Relic denstty lﬂl; — Elz Vyplp, 7' 7

2/ H o (] '

A AVAVAVAVAVAV L. ‘
/ =
w gi .V 1‘"" /c/q,;),V‘/%/ 7/

DM annthilates tnto leptons through s—channel
contribution

Charged lepton final states contributes to GeV excess

DM annthilates Tinto a Z poir through t—channel

contribution

ll‘:ml\m‘- . ‘-'I
Kinémacilau
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LEPTOPHILIC Z DM MODEL

O The leading order of DM Annthilation cross section

(o0) g iﬁ m‘,? - me/) mg
Prp— 21 (m2, 4mw) tems, Lo, my,

9"Q;  my —mz m2,
<UU>¢@—>Z’Z’ ~ A (m 4m )2 -
A D

o Reli’c der\s'l'ty . 011 < QDMh2 < 013 Planck Collaboration (arXiv: 562 6(589)

Wonju Spring School 2015




INDIRECT DETECTION —FERMI-LAT GEV EXCESS

DM annthtlation tnto charged lepton final states
The required dark matter mass : 1y ~ 10GeV

The preferred cross section : (ov) ~ (1 —2) X 10_26cm3/3

parameter plane (m_, g)
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Same range with thermal relic denstty

The s—channel resonance effect around "Mz =~ 2ma,b

Woniu Spring School 20615



Constraints



CONSTRAINTS e _DIRECT DETEFTION

Direct detection experiments observed the recotl
energy of nuclet after DM scatters off nuclet

For m ~ O(l6GeV), direct detection bounds are stringent

Messenger particle Z does not interact with the SM
quarks ot tree level

Evade DM direct detection bound?

LDDP SuPPressed SCatte"Tnﬂ N Bell et al(arXiv: (467 306061)

possible for DM to interact with the SM quarks
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CONSTRAINTS — DIRECT DETECTION FROM LUX

Dominant direct detection process

mz:

parameter A=

9'\/Qy
Cross section between DM and nucleon __
2 2\ 72
g — i& O{EMZ log mﬂ ¥
vn T A2 gn A2 m2
N
A : the mass number of the target
Z : the charge number of the target LUX Collaboration (arXiv: (316 82(4)
My = My |

reduced mass: v

n_m¢+mp

_
|
s
kS
T

The most stringent result

LUX expertment

WIMP-nucleon cross section (sz)
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} CONSTRAINTS _ 1uon ANoMALOUS MAGNETIC MOMENT

Experimental value: a;® = (11659209.1 £ 6.3) x 1070 pareicie baca

2 Group 2064

SM prediction  :a," = (11659180.3 +4.9) x 107"

Difference between them :

Aty = i, — g~ = (258 B0 5 T

A positive contribution to muon (g-2):

o

2
= — E. Ma et ailarXiv: ollolus)
- . a e allarXiv.

1272 mzz,

gl2 m

Ay
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CONSTRAINTS - 1au vecay

M. Pospelov et al(arXiv: (U63(259)

Z boson also contributes to tou decay process

Addttional contribution to tau decay process 1s
through one-loop box diagram:

T

\

Z!

B

Y

Vo

AT

o

The dominant uncertainty on the SM prediction

Lifetime of toau
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CONSTRAINTS - 1au vecay

Experimental value 1s more than 26 level above the
SM prediction

Br(7 — pv,v,) ~ 14 A

Positive correction due to (1), _; symmetry:

A _ 39" log(myy /m3)
dm2 1 —m3, /m3;
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CONSTRAINTS — NEUTRINO TRIDENT PRODUCTION

M Pospelov et al.(arXiv: (4652332)

Production of a muon pair from the scattering of a
muon neutrino with heavy nuclet

The leading order Z contribution:

74 1
J'/J” J.J”

i

i

N

The parameter space 1s strongly constrained
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CONSTRAINTS - Luc ruenomenoLoey

The lowest order Z' production process at collider
Produce a charged lepton patr through Drell-Yan process
Z' 1s rodiated from one of leptons

Z' decoys to either leptons or dark matter
Final states

two pair of charged-leptons

A pair of charged-lepton plus missing energy
q pt

€+: 17{ & "Ir.'"}

0, vp, )
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CONSTRAINTS - Luc ruenomenoLoey

LHC Measures U leptons process at the Z boson

resonance
Interesting final state : 4 muons
The Domtnant SM background : pp— M_!_ M_Z — u_!_u_u_!_)u_
+o— -
pp—Z 2L =

ATLAS selection cut

Pr.e > 4GeV
n| < 2.7
Condidote separation of AR, > 0.1

Myt~ > HGeV

Invariant mass of u leptons : 80 < my, < 100GeV
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l CONSTRAINTS - LucC puenomenoLoGY

Perform Z production at LHC 8TeV 2 [4TeV using
madgraph
Set g' =0 [

Benchmark : ATLAS selection cut

— 8TeV
==== 14 TeV

o(pp - p*p~Z) [1b]

-
-

100 200 300 400 500
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|CONSTRAINTS

O parameter space (m_,

q)
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O Excluston region

* from muon (g—2) 2 tau decay @ 25 level

o from umuon search at LHC

from dark matter direct detection

from neutrino trident production
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|CONSTRAINTS

O parameter space (m,, g')
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0.500 ¢ 0.500 o
0.160 0.100
, 0.0507 , 0.050
g g
0.010% Relic Density 0.010 : > Relic Density
0.005 | GeV excess ] 0.005 ¢ -,—v;\;f" P GeV excess
s —‘/\‘.ﬂ” 1
« Qy=05 o« Qy=0.1
0.001 onerns 4o 0.001 e .
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* Almost region 1s ruled-out except for resonance

* Parameter space near resonance will be tested by LHC (4 Q
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CONCLUSION

PM with gauged L -L . symmetry can explain Fermi-
LAT GeV gamma ray excess near galactic center
DM does not tnteract with SM quarks at tree level.

However, DM couples to SM quarks tn nucleus through
the loop—suppressed tnteraction

Leptophilic Z' DM additionally contributes to muon
(g—2). tou decay, neutrino trident production

Parameter space 1s already partially constrained by
8TeV LHC for light Z and will be tested by [UTeV
LHC
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CONCLUSION

PM with gauged L -L . symmetry can explain Fermi-
LAT GeV gamma ray excess near galactic center
DM does not tnteract with SM quarks at tree level.

However, DM couples to SM quarks tn nucleus through
the loop—suppressed tnteraction

Leptophilic Z' DM additionally contributes to muon
(g—2). tou decay, neutrino trident production

Parameter space 1s already partially constrained by
8TeV LHC for light Z and will be tested by [UTeV
LHC

Thank you
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