TeV dark matter and DAMPE electron excess J

Xuewen Liu (X]2%3) (NJU)

In collaboration with Zuowei Liu (XI4#%4%)

Based on Phys.Rev.D98 (2018) 035025, [arXiv:1711.11579)

Nankai University

August 21, 2018

FEES

NANJING UNIVERSITY

1/ 20



Outline

@ DAMPE experiment: electron excess
© Electron Propagation

© DM explanation

@ Constraints and Results

@ Summary

2 /920






4 / 20



& DAMPE: DArk Matter Particle Explorer, a space
telescope for high energy cosmic rays detection @ CAS,
launched at the 17 December 2015.

Vo W 4
& The main scientific objective:
Measuring electrons, photons and cosmic rays (proton and
heavy ions);
Exploring the origin and propagation mechanism of high
energy cosmic rays;
Identifying possible dark matter signatures.

e T W Ml S
& DAMPE will have unprecedented sen51t1v1ty and energy
reach for the cosmic rays:

For electrons and photons, the detection range is 5 GeV —10 TeV, with
an energy resolution of about 1.5% at 1TeV .

[http://dpnc.unige.ch/dampe]
<
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DAMPE electron spectrum

¢ DATA: G. Ambrosi et al.
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DAMPE electron spectrum
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Explanations for the
tentative peak around 1.4
TeV:

¢ CREs come from a nearby
area;

¢ Astrophysical explanation;

¢ DM explanation.
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Electron flux from a local DM subhalo

B We study the possibility of attributing the excess of the TeV
electrons and positrons to the DM annihilations.

B The localized feature in the energy spectrum of the excess
events hints a nearby source.
Consider a DM subhalo dy <

~

1 kpc away from us.

B NFW density profile: p(r) = ps%,

with (7, ps, 7s, ds) = (0.5,100 GeV /cm?, 0.1kpe, 0.3kpc)

[Choquette, 1705.09676], [Walker, et. al, 0811.0118], [Simon, Geha, 0706.0516 ]
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Electrons Propagation

The “diffusion-loss” equation

Of— D(E)V?f— 0p(b(E)f) = Q

e f=dN/(dEdV) is the electron number density per unit
energy

e b(E) = —dE/dt is the energy loss coefficient
e D(E) is the diffusion coefficient

e DM source term Q(x, E) = % o <U”>¢TE

21}\3/ is the energy spectrum of electrons and positrons per
annihilation

e For the steady-state case: 9;f=0
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Electrons Propagation: Green’s function method

_exp [—(x — x5)?/N?] Es D(E")

A =4 dE’

Gl B, Be) = == e A G

¢ \: the effective propagation length of CREs within the
cooling time

The general solution

f(Xa E) = / dsxs/ dE;s G(Xa E; X Es) Q(Xs’ Es)

Flux: ®(x,E)=vf(x,FE)/(4m)
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Electrons background

o Broken power-law forms [Huang, Tsai, Yuan, 1603.07119)
e 3 components: @primary = CE */(1+ (E/E)?).
¢sec0ndary = CE“/(1+ (E/Eb)ﬁ)-

Psource = CE 7 exp(—E/E.).

(] The tOtal ﬂuX . @64— = ¢secondary + ¢source’

(I)e— = ¢primary + ¢secondary + d)source .
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Working in a U(1)yx extended model

U(1) x extension model

1 1
L=— XX — §M§(XMX“ + X, JH

¢ X, is the new gauge boson, X, is the field strength.
¢ Consider a vector current form: J,, = gf}W T+ 9XVuX
¢ x as the Dirac DM particle .

Three scenarios

(A): xx = X — e et (only

y2 fox
ge # 0) >'\/\/\<
(B) : xx = XX — 2¢™2¢~ N

C):xx = X— }f (universally)
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DAMPE data fitting

¢ DM mass m, = 1.5 TeV.

350
300t o DAMPE data
W 250 — Fitted Background ¢ The DM annihilation cross
B — Subhalo section: ov=3 x 10726 cm?/s,
i 200; -~ MW Halo(x10?)
Tolsof 0 eemRRRRLC Ul ¢ The DAMPE excess events
3
= 100t are well fitted !
s
R
I ¢ Spectrum from MW DM
0 50100 500 1000 5000 annihilation is soft, checked ! |
Ee (GeV)
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DAMPE data fitting

300
o DAMPE data
250f PLBG — (A) xx~>X-e'e
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200 (O X=X 1T (x24)

O (GeV2 m2stsrl)
_ e
(= (o)
(=] (=]

E
3

el

(=

1000 2000 3000 4000
E (GeV)

Case A:
ov =1 pb; x? = 9.0,
improved by Ax2 =11.4

Case B:

DM mass: 3 TeV;
Box-shaped distribution (s.
Mardon et al., 0901.2926] [A. Ibarra et
al., 1205.0007];

Am = m, — Mx= 2 GeV,
small!

Ax? =5.1
Case C:
Ax? =11;

Electron channel is the
dominant mode.
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Constraints and Results: (A) xx = X — e e’

B Constraints: Search of the M Benchmark model:

e~ et — e e process @ (6, ges gy) =
LEPIL (100 GeV,0.1,0.4)
B Set constraint on B dm=2m, — My.
A >15.9 TeV at 95 % C.L.
[hep-ex/0312023] [ALEPH Collaboration, B The DM annihilation cross
hep-ex,/0609051]. section:
ov=>~1.3 pb
B In our model:
A = /TMx/ge. B This can explain both the
DAMPE excess & the relic
N = g, S 0.11(Mx/TeV). density.
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Constraints and Results: (B) yx — XX — 2e"2e”

B Constraint comes from the indirect detection limits <— g,
small.

B Am = m, — My should be sufficiently small!

B H.E.S.S. data: the most stringent constraint (s. Profumo, 1711.03133]

For yx — 4e channel is {(o0v) < 4.6 x 10725 ¢cm3/s in the
m, ~ Mx case, for the 3 TeV DM.

B The required DM annihilation cross section for the DAMPE excess
consistent with the H.E.S.S. constraint.

[Fermi-LAT Collaboration, 1503.02641][T. Slatyer, 1506.03811, 1506.03812].

16 / 20



Constraints and Results: (C) xx — X — ff

A PandaX experiment:
od S 1.7 x 107 cm?

[PandaX-II Collaboration, 1708.06917]

A Constraint:

Vg $6x1072

A ATLASQLHC results on
dilepton signals search

Mx/TeV)

[ATLAS Collaboration, 1707.02424]
_ 4 - /)
L = Tni(an* ai) (Lyvuls)

|gq9¢] < 0. O9(Tev) when
A > 40 TeV

A Benchmark: near the
resonance

(6m7 9 gX) =
(10 GeV, 4 x 1073, 1).

A Annihilation at the halo is
ov =~ 30 pb;

A Fine with taking into
account the thermal average at
the freeze-out «<—

Breit-Wigner enhancement.

[D. Feldman, Z. Liu, P. Nath, 0810.5762 ],
[M. Ibe et al., 0812.0072],
[W-L Guo, Y-L. Wu , 0901.1450]
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Constraints and Results: (C) xx — X — ff

Near the resonance 0.0
region: -0.5 ATLAS
_-10

the ATLAS & gr=1

. 215
constraint; 5 2o PandaX
the PandaX -25 Y\e\,\coe“s'\w
constraint; _30

-1.0 -05 0.0 0.5 1.0 1.5 2.0

the relic density line. log10(0m/GeV)

18 / 20



Summary

e Explaining the DAMPE electron excess: DM annihilations in
a local subhalo which is 0.3 kpc away from us.

e Three scenarios in the U(1)x extended model were
investigated:

(A) : xx = X — e e’ : provides a good fitting to the
excess while satisfying the various constraints.

(B) : xx = XX — 2¢T2¢7: the mass gap between the DM
and the X boson has to be in the GeV range.

(C) : xx — X — ff DM has to annihilate near the X
boson resonance to generate a much larger annihilation cross
section to explain the excess.

e Need more data for conformation!
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Thanks for your attention!
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