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2015年年12⽉月27⽇日，悟空暗物质卫星发射升空

能量量分辨率⾼高(1%),	测量量能量量范围⼤大(10	TeV)	

DAMPE	satellite	



DAMPE	electron	excess

[DAMPE,	Nature	2017,	1711.10981]



DAMPE	electron	excess

[DAMPE,	Nature	2017,	1711.10981]

0.9	TeV	break



DAMPE	electron	excess

[DAMPE,	Nature	2017,	1711.10981]

1.5	TeV	peak

0.9	TeV	break



Outline

1.4	TeV	excess	&	DM

DAMPE	electron	excess

0.9	TeV	break	&	1.4	TeV	peak

Summary

[Xuewen	Liu,	ZL,	PRD,	1711.11579]

[Xuewen	Liu,	ZL,	Yushan	Su,	1902.04916]



[Xuewen	Liu,	ZL,	PRD,	1711.11579]

Vector	current	interacEon

TeV	DM	model

Jµ = gf f̄�µf + g��̄�µ�
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New	gauge	boson

Dirac	DM

Xµ
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DM	annihilaEon	channels

1.5	TeV	DM	
3	TeV	DM	

(A)	f=e	only

(C)	f	=all	SM	fermions
(B)	f=e	only

Xµ
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Smaller	clumps	in	a	galacEc	halo



Nearby	Subhalo	profile

NFW	profile

distance	to	us	in	kpc

(�, ⇢s, rs, ds) = (1, 1, 1, 1)SHA
SHB

in	GeV/cm3

in	kpc

SHB	fit	DAMPE	w/	thermal	𝛔v		
SHA	is	100	Emes	smaller

(�, ⇢s, rs, ds) = (0.5, 100, 0.1, 0.3)
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MW halo is flat & smaller

Nearby	Subhalo	vs	MW	halo

λ ~ 0.3 kpc for a 1.5 TeV electron to lose 100 GeV



small	mass	gap	in	(B)
thermal	𝛔v	for	all	cases

�2 = 20.4

PLBG

(A)��2 = 11.4

(B)��2 = 5.1

(C)��2 = 11

(B) m� �MX = 2 GeV

�B = CE��

different	annihilaEon	channels
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LHC Xµ
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Collider	Constrains

ATLAS
1707.02424	 for	LL	and	ℓ	ℓ

LEP
hep-ex/0312023	 for	ee	→	ee
hep-ex/0609051	



DM	direct	detecEon

Xµ
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DM	direct	detecEon	constraints

PandaX

Essig et al.
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DM	indirect	detecEon	constraints

HESS h�vi < 2(6)⇥ 10�26 cm3/s

for the ⌧+⌧� (W+W�) channel

from GC w/ Einasto profile

h�vi < 6(20)⇥ 10�25 cm3/s

for the �� ! XX ! 4e channel

in the m� ⇠ MX (m� � MX) case

1607.08142

1711.03133	
Profumo et al



DM	explains	both	break	&	peak

Two-mediator	DM	model
[Xuewen	Liu,	ZL,	Yushan	Su,	1902.04916]
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1.5	TeV	peak 0.9	TeV	break



DAMPE	electron	excess

[DAMPE,	Nature	2017,	1711.10981]



DAMPE	electron	excess
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1.5	TeV	peak



DAMPE	electron	excess

[DAMPE,	Nature	2017,	1711.10981]

1.5	TeV	peak

annihilaEon	1



DAMPE	electron	excess

[DAMPE,	Nature	2017,	1711.10981]

1.5	TeV	peak

0.9	TeV	break

annihilaEon	1



DAMPE	electron	excess

[DAMPE,	Nature	2017,	1711.10981]

1.5	TeV	peak

0.9	TeV	break

annihilaEon	1

annihilaEon	2



Two	different	models
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kineEc	mixing	(KM)



Cosmic	ray	BG	

�e± = CE��
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

simple	BG	funcEon	w/	only	2	parameters

DAMPE	data	points	<72.4	GeV	or	>	1.514	TeV		
(first	&	last	8	points)

� = 3.25
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electrophilic	V1	&	Lμ	-	Lτ	V2
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electrophilic	V1	&	Lμ	-	Lτ	V2
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electrophilic	V1	&	Lμ	-	Lτ	V2

e-philic	V1
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electrophilic	V1	&	Lμ	-	Lτ	V2

e-philic	V1Lμ	-	Lτ	V2
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electrophilic	V1	&	Lμ	-	Lτ	V2

4.9	x	10-26	(2.0	x	10-24)	cm^3/s

e-philic	V1Lμ	-	Lτ	V2
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Box-shape	energy	spectrum

[1404.6528][1404.6528]
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�� ! V V ! 4f
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extended	energy	spectrum



electrophilic	V1	&	Lμ	-	Lτ	V2
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electrophilic	V1	&	Lμ	-	Lτ	V2
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High	Energy	Stereoscopic	System	(H.E.S.S.)
Imaging	Atmospheric	Cherenkov	Telescopes
cosmic	gamma	ray	30	GeV	-	100	TeV

HESS	experiment	

Khomas	Highland,	Africa



galacEc	coordinates



HESS	search	region	

HESS	
1607.08142

、circular region r = 1� w/ |b| < 0.3� masked
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HESS	constraints	on	Lμ	-	Lτ	V2

[HESS	254-h	data,	1607.08142]
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launched	on	June	11,	2008

LAT	(large	area	telescope)

Fermi-LAT

Fermi	experiment	



Fermi	isotropic	gamma	ray	background

|b|<20o	masked

isotropic	gamma	ray	background	(IGRB)

b=0o

b=20o

b=-20o



Fermi	IGRB	as	a	funcEon	ds

electrophilic	V1	&	Lμ	-	Lτ	V2

[Fermi,	1410.3696]
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Fermi	IGRB	as	a	funcEon	bSH

electrophilic	V1	&	Lμ	-	Lτ	V2
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Fermi	isotropic	gamma	ray	BG

electrophilic	V1	&	Lμ	-	Lτ	V2

[Fermi,	1410.3696]|b|<20o	masked
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Fermi	IGRB	for	diff	subhalos	

electrophilic	V1	&	Lμ	-	Lτ	V2

|b|<20o	masked
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KM	V1	&	Lμ	-	Lτ	V2
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KM	V1	&	Lμ	-	Lτ	V2
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V1:	kineEc	mixing	(KM)
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V1:	kineEc	mixing	(KM)



KM	V1	&	Lμ	-	Lτ	V2



KM	V1	&	Lμ	-	Lτ	V2

KM	V1

g1=ε=0.1
mV1	=	2994	GeVmV1	=	2994	GeV



KM	V1	&	Lμ	-	Lτ	V2

KM	V1

g1=ε=0.1
mV1	=	2994	GeVmV1	=	2994	GeV

Lμ	-	Lτ	V2mV2	=	10	GeV



HESS	constraints	on	KM	V1	&	Lμ	-	Lτ	V2
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Fermi	constraints	on	KM	V1	&	Lμ	-	Lτ	V2
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AMS	positron	fracEon	
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Drell-Yan	process	@	LHC
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dilepton	@	ATLAS

[ATLAS,	1707.02424]

1 2 3 4 5
10-

10-5

10-4

0.001

0.010

0.100

1

MZ′ (TeV)

σ
(p
p→
Z′
)B

(Z
′ →

ℓℓ
)(
pb

)

ATLAS

KM
(ϵ=0.1)

SSM

36.1 fb-1 @ 13 TeV



ATLAS	constraints	on	KM

[ATLAS,	1707.02424]

0 1 2 3 4 5

0.05

0.10

0.50

1

MZ′ (TeV)

ϵ

36.
1 f
b-
1 , 13

Te
V,
AT
LA
S



Sommerfeld	enhancement
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nonperturbaEve	enhancement	due	to	the	lighter	mediator	
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‘Correct’	annihilaEon	cross	secEon
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	further	Breit-Wigner	suppression



Summary

1.5	TeV	DM	annihilaEon	in	a	nearby	subhalo	can	
explain	the	excess	electrons	in	the	DAMPE	data

To	explain	both	the	1.5	TeV	peak	and	the	0.9	TeV	
break	in	DAMPE	electron	data,	we	propose	a	
two-mediator	DM	model	in	which	DM	annihilates	
via	two	different	channels.

DM	annihilaEon	via	an	s-channel	mediator	
produces	the	1.5	TeV	peak;	DM	annihilates	into	
on-shell	mediators	leading	to	the	0.9	TeV	break.	


