RBounds on Lo M.S“L ved Darke Matter
MQdEQ%C}TS &TQM Nﬁuﬁrc}m S%Qrs

Thong (Thomas) T.Q. Nguye 2
i collaborakion wikth Tim. M.P. Taiks

(In preparation)

1. Institute of Physics, Academia Sinica, Taipei, Taiwan.
2. Sorbonne University, Jussieu, Paris, France.
3. Department of Physics and Astronomy, University of California, Irvine, CA, USA,

SCIENCES
NN

SORBONNE
UNIVERSIT

1/18



Cutline

Preview: Dark Matter MEuE TS ams Tn
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NEUTRON STARS

The DM model.
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. Post-Workout Muscle Growth Aacdaramr

Triggers a 360% Increase in Muscle Protein Syathesis
Spikes Insulin and Replenishes Glycogen
Cell-Volumizing Multi-Phase Creatine Transpert’

ARKIANNA

Available on Anmazon, Eree High E"\@-"E}j Colliders' ('PT’O\}?.@EEOMS%

Come with different flavors.

Exparémem&at resulks
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Signature: stable Sm Bbaias
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Collider Searches Indirect Detection Self-Interactions

This Pajec&!

Pictures for the processes are taken from Tim Tail’s slide of KITP Snowmass2022.
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Neubtrown Stars it Gralackic Cenker

®  Make from neutrons: m, = 1.0 GeV.
@ Mass: M~ 15 M, Radius: R, ~ 10 km,
o (Blueshift) Escape velocity:
Voo = v/ 2¢ = 2.1 X T} KIS, (1)
with y=1— \/ 1 — 2GyM,yg - (2)

o Saburation Cross Section:
6. = R:/IN, ~1.87x 10" cm?. (3)

Neutron Star's number density! in Galactic Center:

—1.7
n (1) = 5.98 % 103( lr ) nc=? (0.1pc < r <.2pc)
PC
(4)

—-3.5
— 2.08 X 104( 1;: ) nc=3 (> 2pc).

L. This demsiky iz extracted. from Fig. 2 of arXii o4 01542, 1A



Darke Matter cag%ure bj neubkrown skars

Flgure from arXiv:iageaere il o Lh ol Capture Rate after Nth times [GeV]:

R 6n 3(ve — v2
i VD VO, X [2v2+ A Ot 3v]2V)exp( Oy m— )] (&)
1 —=2GyM, /R, 3\/7xv 22
@ Cap&ume rate (1 NS): C = Z Cye )
N=1
r,»=100pc
< Captured! "
Ve S Vese = (‘"Q‘F’?Eurﬁd ® Total capture rate (ALL NSs): G = 4r renCdr. (7)

rlza.lpc

@ DM velocity dLspersE,ow V. ) ‘PrababitiEv sao&ég.rima N-time:

o DM velocity (Nth-time scabtering): vy, oo de o)

DM density profile: n,. ) N
O
P%k: r == 1. o DM modiel.
Ogat Celestial Objé.&%q

2. Rebecca K. Leane, Tim Linden, ?&3&1 Muw‘kopadkvaj, Natalia Tore (arXiv:101.12213),
S/15



Mi;i.lé’j W&v

(Credit: https://scienceblogs.com) (arXiv:1301.%241)

Mass component — Total Mass (M) Scale radius (kpc) Center density (Mgpc™)
Black hole 4 x 10° — —
Inner bugle (core) 5.0 x 107 0.0038 3.6 x 10*

dark matter halo

Main Bugle 8.4 x 10” 0.12 1.9 x 10°
Disk 4.4 x 1010 3.0 15

bulge
Dark halo 5 x 1010 (r < h) h =12.0 po = 0.011

Sun dis

——————

Milky Way M(r) = Mgy + 471'[ (Pinnensh #60: F Paisk T p)()rzdr.. (%)
0

pAr) = prpw(r) = mn(r) = AL ° py=042 GeV/em’.
i Sion CXT T (L + rlr)3T o r.=12.0 kpc.
(arXiv:9s0g028) o
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https://scienceblogs.com

Galaxy

(arXiv:1301.%241)

Mass component  Total Mass (M) Scale radius (kpc) Center density (Mspc™)
Black hole 4 x 10° — —
Inner bugle (core) 5.0 x 107 0.0038 3.6 x 10*

Main Bugle 8.4 x 10” 0.12 1.9 x 10°
Disk 4.4 x 1019 3.0 15
Dark halo 5 x 1010 (r < h) h =12.0 po = 0.011

NFW density p(r) [GeV/cm?]

M(I”) 3 MBH + 4ﬂ[(pinner re Pouter g Pdisk + p%)rzdr‘ (?>

DM vemm%j d,c,spersmw V(r) = \/:v (0= \/7 \/ GNM(F) )

10° 10?1 102

Distance to Galactic Center r [pc]

p.(1) = pnpw(r) = mn(r) = Po ® p,=0.42 GeV/cm’.
(rlr (1 + rlr)3r ® r.=12.0 kpc.
(arXiv:9s0%025) ®
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Signal from DM annihilakion in NS

DM annithilabion itk NS B

C
Equilibrium: T, = ;ap = ;t. (10)

® Lorentz Boost: n ~ m,/my. (11)
° Escapiv\g condition: L =npr, ~ncr, > R,. (12)

D: Averaqge distance from GC to detectors (Earth).
dN/dE: Signal (neubrino) spectrum.
SR DI (4

Sighal surviving Prababa&jz &
Limik: L <D ~ 8.0 kpc. (15)

SUurv
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Mediakor c&eaavs o SM p&rﬁtiﬁs



Neubtrinos ex ey inmental resulks
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Galactic Center-Neutron Stars

‘ Measured Astrophysical arXiv:1607.0500&
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Fiqg. 1: Differential Energy Flux of muon neubrino: Experimental upper Limits and data. The
horizontal Lines for maximum fluxes from NS in GC after integrate all over the sky,




Which DM model?

Cur
considerakion
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Darle M atte Y WO d el

SUR2), X U(1l)y X U(l)y Mediator can interact with DM and SM

1 €
o P i 1
Z 492 o’ 2BW@ (16)
+YRED, — 8o
® Kinetic mixing coupling: €
@ Dark photon:
T oh b L L

o Covartank derivakive:

3
° a a ° Y ° X
D,=0,- lgzz W stge b i g —7

Dl g ol

a=1
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Direct detection

Nucleus,
massm_A

Who's the wimp
now sucker?

WIMP
mass m_X

©Annika Peter




(SI) Cross Seckion Limiks

- -\Yi\_----

Fig. R: SI Cross Section limiks, using




Talkke home messaqe

Neubtrown Skars can kei.p us investiqate Long-lived Dark
Makter Mediator models.

~ With Light Z'-model and current IceCube resull, the
bounds for SI Cross Section of DM-neubron can be

pushed dowh to 107% — 107% cm? (TeV - PeV mass
range).

Can use other celestial objects with Large number in
Gralactic Center: Brown Dwarfs, Whikte Dwarfs, ...

- Motivation for experimem&at results: ARIANNA, K3MNet,
IceCube Geng, ...
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What is the opﬁt‘:at d@.p&l«?

o For mulkiscatter capture it is convenient to define the optical
depth, the average nunmber of times a dark matter particle with

dark matter = nuclear cross section o, will scatter when traversing
the star.

o To understand the 3/2 factor in the optical depth, observe that the
cross section for which 1 scatter occurs over a distance of 2R,
(where R is the radius of the star) is:

arXiv:1703,04-04-3




C&P%ure Kake

Neutron star: R=10km, M=1.5 Mg, mp=1 GeV,
m, = 107 GeV, p, = 0.42 GeV/cm?, Vy = 220 km/s
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- Multiscatter capture rate
- = Geometric capture rate approximation

1071 101 10°
Optical depth T = 1.50yn/0sat




Velocilty Dispersions of NS in Galactic Center

DM averaged velocity vy =220 km/s
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ﬁevv\mav\ rules

—i€mix €08 O, (k2 gHY — kFEY),

i€mix Sin Oy, (kK2 gH — kPEY),




EFT: DM-hucleon scattering

LAy
)
k m7,

k? esy (I3 — ZQqsfv)] y
k2 — mQZ +1mzl'z 28, Cuw

@ (pa)y*u (pr)| x @ (pa) ! (po)|.

neutron: M, = &+————= = by X (4mxmn),

)‘X(z)‘u + Ad = eCuémix) X (dmymp) = by x (dm,my,),

proton: M, = .
Silicon
Germanium
|Mn|2 d3p_§ d3p—21 4 ¢(4 X
do,, = 2 2P 9r)ds) e — enon
Ll e— o (2W)32mn( m) 0\ (p1 + p2 — p3 — p4)
_ b P4
= d|p4] dcos@xé(cos@— ),
42 ITINY

Dark Photon mass mp 1079 — 1073 GeV
Dark matter mass  m, 10° — 10 GeV
Couplings Ax/fs € 1071° —107°




Bounds from IceCube

lceCube
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Bounds from Data




