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Evidence of Dark matter
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e Strongly suggest ~25% non-luminous, non baryonic DM " Licanti 2016

* SM fails to explain : begs for an extension



The puzzle of particle Dark matter

What we know:
* Interacts gravitationally
* Non luminous, electric charge very small
® Cold with mass<< momentum
® Collisionless at large scale

QCD axon WDMBmice  uniranity limuit
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® Mass spanning from le-22 ev to the mass of . .
. M.Lisanti 2016, T. LIn
least massive DM galaxy 2019, Cirelli et ol 2024



The puzzle of particle Dark matter

wWhat we know: What we don’t know:
* Interacts gravitationally ® Compact object or
® Non luminous, electric charge very small fundamental particle?
* Cold with mass<< momentum ® Mass, Spin?
® Collisionless at large scale * interaction (with SM)
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The puzzle of particle Dark matter

What we know: What we don't know:

* Interacts gravitationally ® Compact object or

® Non luminous, electric charge very small fundamental particle?

* Cold with mass<< momentum * Masg, Spin?

* Collisionless at large scale th SM)
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Dark matter production mechanisms

.Thermal dark motter

® DM was in thermal equlibrium with SM bath at early 0-01¥
time " 10| -

® Kineticeq. Xx+SM —x+SM

\
N
e Chemical eq. X+x—>SM+SM - Ty = n;q. o D 1000
x(m/T)
e WIMP,SIMP and so on...

10°




Dark matter production mechanisms

.Thermal dark motter

* DM was in thermal equlibrium with SM bath at early 0-01X
tlme # 1074} i

® Kinetic eq. X+ SM — x +SM y Ty, = Tsy 1ol ‘
e Chemicaleq. x+x— SM+5M S Ny =nk sl b

x(m/T)

® WIMP,SIMP Can have imprints in Direct searches




Dark matter production mechanisms

.Thermal dark motter

® DM was in thermal equlibrium with SM bath at early 0.0
time > v T
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Dark matter production mechanisms

.Thermal dark motter

® DM was in thermal equlibrium with SM bath at early 0.0°

time Lk

® Kineticeq. Xx+SM —x+SM
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® Chemicaleq. X +x—=SM+sS5M
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2.Non-thermal dark matter 01007

1077}

* Initial abundance negligible o~ 10
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® DM never attains equlibrium due to feeble interaction - "’5/\‘\
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Nonh thermal dark matter



Nonh thermal dark matter

/

Directly from SM bath
SM + SM — X + X



Non Wark matter
/ \
Ww One or More BSM particles

SM + SM — x +x ®* Produced in steps



Nonh thermal dark maotter

WM Onhe or More BSM particles

SM + SM — x +x ®* Produced in steps

Collider probes
Long lived particle searches

Bharucha et al JHEP 20122,
D.k. Ghosh, A Ghoshal, SJ JHEP 2023
Droret ol PRD 2023



Nonh thermal dark matter

Directly from SM bath
SM+ SM — x + x

One or More BSM articles

Produced in st
Collider probes
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Nonh thermal dark matter
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Directly from SM bath One or More BSM particles
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Nonh thermal dark matter
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Directly from SM bath One or More BSM particles
SM A SM =X+ x *  Produced in steg
Collider probes o ep I @ Production
Long lived particle searches sM — &

* Step II: Non thermal DM
Production® — X+. ..



Nonh thermal dark matter
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Directly from SM bath

| One or More BSM particles
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Nonh thermal dark matter

Directly from SM bath

| One or More BSM particles
SM + SM — x + x

o Produced in steg

Collider probes o ep I @ Production
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Nonh thermal dark matter
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Nonh thermal dark matter

Directly from SM bath
SM+ SM — x + x

One or More BSM particles

o Produced in steg
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Long lived particle searches
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Nonh thermal dark matter

Directly from SM bath
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Contribution to Nets

8 /11\7( py 4 Wz
® Nt = 7(?) (,0_) where, p, ~T, (\ /—>
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Contribution to Nets

o NCovB _ 8 (1L\® (py ~ T4 s
¢/ 7 ( 4 ) (pV)CMB where, P Ti =Y : ’
® SMpredicted value NS}'” =3.046 / \




Contribution to Nets

o NMB 8(1L\*(pv T4 W/Z
eff 7 ( 4 ) (p7 ) CMB where, pz TZ e_'Y i ;
® SMpredicted value NJj'° =3.046 / \

e planck 2018: NSJ'¥ =2.99"03




Contribution to Nets

8 (11\7 ( py
® N = —(—) (p—) where, p, ~ T}
7\ 4 Py / cmB

® SMpredicted value NJj'° =3.046

e planck 2018: NP =2.99"03
e Sufficient production of active
neutrinos after decoupling can affect

the total radiation enerqy density of
the universe
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Contribution to Nets

cuB _ 8 (11 3 Pu 4 W/z
® Nty —7(7) (P_v)CMB where, p, ~ 1T, )

® SMpredicted value NJj'° =3.046

e Planck 2018: NJ'¥ =2.99773;

e Sufficient production of active
neutrinos after decoupling can affect
the total radiation enerqy density of
the universe
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Contribution to Nets

cu _ 8 (11 s P 4 W/Z
® Ny _7(7) (E)CMB Where, ,OZNTZ ) ‘

® SMpredicted value NJj'° =3.046

e planck 2018: NSJ'¥ =2.99"03
e Sufficient production of active
neutrinos after decoupling can affect

the total radiation enerqy density of
the universe

* PBoltzmann equations to track
the enerqy densities
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* Type-ISeesaw Model + Z3 odd complex scalar ¢ and fermion X



The model

* Type-I Seesaw Model + Z3 odd complex scalar ¢ and fermion X
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The model

* Type-I Seesaw Model + Z3 odd complex scalar ¢ and fermion X
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The model

* Type-I Seesaw Model + 23 odd complex scalar ¢ and fermion X
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The model

* Type-I Seesaw Model + 23 odd complex scalar ¢ and fermion X
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The model
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The model

* Type-I Seesaw Model + 23 odd complex scalar ¢ and fermion X
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* Type-I Seesaw Model + Z3 odd complex scalar ¢ and fermion X

B Z iN:y"9,N; — E _ My, NeN; — Z Yi; LeHN; + hec. Self scattering

== (|(‘--)u(.~"')|:2 - H‘2|®|‘2 I i;\jﬁn"ll.au X — MpuXX—AslOL

Yo Xx0) + (= Aen|HI*|0]* |

Annihilo.tions/ \/

su Elastic scattering
>< b+ f<d+f 352 0 )
é M T¢ _ TSM 2 — 2 /\<pH
W

p+o=f+f(WW™,22)



Dark matter production with CMB signature

° ﬁif)‘;_,, = Y, XVo + h.c. %
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— 9y ~ 10714 - 1071



Dark matter production with CMB signature

® Eil')‘fg_,, = Y, X9+ h.c. i
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Dynamics of dark sector

® Scenario-I
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Dynamics of dark sector
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Dynamics of dark sector
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Dynamics of dark sector
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Dynamics of dark sector
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Parameter space of two scenarios

® Scenario-II

® Scenario-I
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Numerical results Self interacting HDS
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Numerical results Self interacting HDS

Scenario-I
e Variation of mass
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Numerical results Self interacting HDS

Scenario-I
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Numerical results Self interacting HDS

| Scenario-I
* Variation of coupling p, ~ Yy
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Numerical results

D.k.Ghosh, P. Ghosh, 8J, JCAP2023
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Numerical results
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Different approach: Freeze-in DM in Scoto-Singlet Model

D.k.Ghosh, SJ, D. Nanda, PRD 2022

Decoupling/ Neff Phenomenology greatly impacted in the
presence of a non standard cosmology in Pre-BBN era!



Net as a probe of light BSM mediators
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Coupling

Nett as aprobe of light BSM mediators
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Nett as aprobe of light BSM mediators
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Nett as aprobe of light BSM mediators

W/Z
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D.k.Ghosh, P.Ghosh, SJ, R.Srivastava, EPJC 2024



7' from U(1), 9auge extension

® Charge assignments:

O
Fields SU(3)e x SU(2)z x U1y U(l)x 5 GeV
U, (3,1, %) Nii >
e sy o ‘ Z< Z
([,' (3, J., —:3) Xdi g L-i
(.f“.l' (l. 1l —2) X{gi g Me\/_
VR, (1, 1:0) X,
O (l 2, l) Xo é
- (1,1,0) X, g
e Quarkand lepton masses:x, —x, =%, ond X, =X, =Xi 7 | kev
* Charges across generations can be different. But problem =

In generating CKM matrix.



7' from U(1), 9auge extension

® Charge assignments:

@)

Fields SUB)e x SU2)e x Uy | U(l)x 5

Qz (3 2, %) XQzﬁ =

U, (3,1, %) )\ 5

d 3,1,-2) Xa, Mz ~ MeV,= Xg =0 S

{; (1,1,-2) Xe, 3

VR, (1, 1:0) X

(I) (l 2 l) X(I) o

o (1,1,0) X,

* Quark and lepton masses:x, =X, =X, ond X; =X, = X;
* Charges across generations can be different. But problem
In generating CKM matrix.

Astrophysical Bounds

Cosmological bounds



v decoupling in presence of light Z'

* Relevant particles
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h,W,Z,t,b,T,
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v decoupling in presence of light Z'

* Relevant processes

1. SM contributions: (IW/Z)

l/f‘i/, < f_.f+(ff-q l/'('_i- FALN Vi(__-',.."l'.

* Relevant particles

A

h,W,Z,t,b,T,

2. BSM contributions to v bath:Z’
Z' &> ete

3. BSM contributions to » bath: 2’
Z' < vip; & vii; < eTe” (in some cases)




v decoupling in presence of light Z'

* Relevant particles

A

hW. Z.1.b,7T, 6 S

* Relevant processes

1. SM contributions: (IW/Z)
v, > ete™, vieT & vet

2. BSM contributions to v bath:Z’
Z' &> ete

3. BSM contributions to » bath: 2’
Z' < vip; & vii; < eTe” (in some cases)



v decoupling in presence of light Z'
* Relevant particles @

A

* Relevant processes
1. SM contributions: (W/Z)

l/f'l./, < f_-_’+ff-q l/i(_:g-_h VELN Vie."k

h, W, Z,1.5,T, i1 6 -

2. BSM contributions to v bath:Z’
Z' &> ete

3. BSM contributions to » bath: 2’
Z' < vip; & vii; < eTe” (in some cases)




v decoupling in presence of light Z'

* Relevant processes
1. SM contributions: (IV/Z)

ViV 4= eTe , l/,'(ff'+‘ A l/jf.'.+

* Relevant particles

A

h W Z.3.b;T; i 6 -

2. BSM contributions to v bath:Z’
Z' &> ete

3. BSM contributions to » bath: 2’
Z' < vip; & vi; 5 eTe” (In some cases)

® Only focus onthermal Z°
e NonthermalzZ needs
diff. treat ment




* Relevant particles

A

v decoupling in presence of light Z'

* Relevant processes
1. SM contributions: (IV/Z)

vii; <> eTe l/,'(ff'+' — z/;e*

h, W, Z,1.5,T, i1 6 -

2. BSM contributions to v bath:Z’
Z' &> ete

3. BSM contributions to » bath: 2’
Z' < vip; & vi; 5 eTe” (In some cases)

® Only focud on thermal Z’
e NonhthermalZ' needs
diff. treat ment




Evaluation of temperature ratios

* Relevant interaction Lint D Z! IS
Jy D gx (XaTyT + Xav, " Py + Xoay™ i
+0x (_4-'\1(— ~Ye + \11/ - [1 V, )

* Liouville equation

of(p,t)
ot

of(p,t)
Op

=C[f]

* After integrating => temperature

eqn.s for

Tl/aT’yaTZ’

\)I 71’11/[1)

g =10", M,=10 MeV

— X;=-1, N.+=3.38
X;=-1, X53=0, No=3.38 -
——  X;=-3,X53=0, Ne=3.47 |
X5=-1, X, 5=0, N.4=3.34
X,=0, X,5=-1, N,;=3.34 -
X_.:ik =0, N.=3.34 -
5\_/""—-.—
10°° 107" 10" 10

T, (MeV)



Evaluation of temperature ratios

e Relevant interaction

* Liouville equation

of(p,t)
ot

* After integrating => temperature

eqn.s for

of(p,t)
Op

Tl/aT’yaTZ’

/ (87
J§ D gx (Xa™y°T + Xav,y* Pry,
+0x (\lf_ e + ‘\'117( Y Py,

+ Xopy*p + Xov, v

1.X1 = 0,Nopp = 3.34
2.X; =1,N.; = 3.38
3.X; =3, N,sr = 3.47

)
LVy)
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Imprints of popular U(1), models

Models | Xo,(Xu =Xu) | Xz, | Xo, | Xu,
B=F | /8 1&%i@ | <t | =t | =i
B-3L, | (1/3,1/3,1/3) | =3 | o0 0
B-3L, | (1/3, 1/3, 1/3) 0 | =3 | 0
B-3L, | (1/3,1/3,1/3) | 0 0 | -3
Ey—Ei (0.,0.0) 1 =
Y=L, (0,0.,0) 1 0 | —1
P (0.0.0) 0 £ | =3
B, —3L, (1.0.0) 3| 9
B; —3L. (0.1,0) -3 | 0 0
B; — 3L. (0,1,0) -3 1 0 0
B;i—3L, (1,0,0) 0 | -8
By —3L, (0.1.0) -3
By=31, (0.1.0) -3
Bi—3F: (1,0,0) 0 0 | -3
B, — 3L, (0,1,0) 0 0 | -3
By—38L (0.1.,0) 0 0 | -3

..q

N



Imprints of popular U(1), models

Models Xo, (X, = Xy,) X, | X, | X,
B=1L || S s | =1 | =1 | <4
B—3L. | (/3. 1/3, 19 | =3 | o0 0
B —3L, (173; 1/3; 1/3) 0 -3 0
B —3L, (1/3, 1/3, 1/3) 0 0 -3
B —E; (0,0, 0) g | —m]| @
=1 (0,0.0) 1 0 | -1
- Y (0,0, 0) 0 r | i
B, — 3L, (1.0.0) -3 0 0
B, 3K, (0.1,0) 3| 0 0
Bs — 3L, (0,1,0) 31 0 0
B; — 3L, (1,0,0) 0 -3
B; — 3L, (0.1.0) -3
By=B8EL, (0.1.0) =3
By — 3L (1,0,0) 0 0o | -3
B —BL, (0.1.0) 0 0 | -3
B; — 3L, (0.1,0) 0 0 -3

..q

B

Ex:
B-L
B-3 L.

L-'L;xlt
Bi- 3 L.

Z' from U(1), Models

Tree level coupling@ @Ccd coupling with e*

Ex:

) .

¥
B-3 L,

B-3 L,




Imprints of popular U(1), models

I\IO(l(_‘.lS XQ‘ (_X,,‘ - th) XLI XL: XL»;,
B-L 1/3, 1/3, 1/3 -1 —1 -1
( / / /‘) _ By Z' from U(l)\l\lodels

B - 3L, (1/3; 1/3, 1/3) -3 0 0 ¢ X Ex:
B —-3L, 173y 143 143) 0 —3 0 ” l::ll E g L L,
B —3L, (1/3, 1/3, 1/3) 0 0 -3 L.-L, B-3L,,
L.3 — L“ (0. (). ()) 1 - 0 B-3L. Tree lutlu)uplm;,D @deuplmg with e B-3 L.
Le — L, (0,0,0) 1 0 —1

Lijy— Ly (0,0.0) 0 1 —1 /
B,-8L.| (L0.) | 3| 0 | 0 o WithTreelevel Z'e*e ™ vertex
B, — 3L, (0.1,0) -3 0 0 1.B — L,Le . L,u,,Le . LT \ |X1‘ — 1
Bg — 3L, (0,1.0) -3 0 0
B; — 3L, (1,0,0) 0 | =3 | o0 2.B—-3L.,B; — 3L, — ‘Xl‘ — 3
By — 3L, (0.1.0) 0 -3 0 / —I—
Bs - 3L, (0.1.0) 0o | -3 | o o Without Treelevel Z//'e T e vertex

B, — 3L, (1,0,0) 0 0 -3

B, — 3L, (0,1.0) 0 0 -3
. LIS N I l\.B-3L,,B-3L.,L,—L,,B;—3L,,B; —3L;

D.k.Ghosh, P.Ghosh, SJ, R.Srivastava, 2404.1007 (accepted in PRD.....)



summary

CMB bound can probe significant parameter space of nonthermal DM
if its production contains extra radiation

The effect can get enhanced in presence of a. nonstandard epoch in
the pre-BBN era

CMB bound on $N_{\rm eff}$ can place stringent bounds on $u(l)_x$
in low mass region of $2'$

It can be used to constrain BSM models complementary to the
bounds obtained from ground based experiments
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Hunting Dark matter from direct search
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Inspired from N. Raj, WDMAP, 2024



Hunting Dark matter
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Inspired from N. Raj, WDMAP, 2024



Hunting Dark matter
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Inspired from N. Raj, WDMAP, 2024



Hunting_Sub-GeV Dark matter

® Eventrate x+N—->x+ N

dR ) 0w dOon
AT / X ddl.-' )'E

(lER S “‘I.’(f Umin {IER

vf (7)



Hunting_Sub-GeV Dark matter

® Eventrate x+N—-x+ N

dR . e o doyn
= N Fx d*v '\

(IER B 1 :;\TY Umin (IE[{ )

® Ton size detector with huge N, ~ 107
to probe very low cross-section



Hunting_Sub-GeV Dark matter

® Eventrate x+ N —-x+ N

dR . e o doyn
N X APy —2

(IER - AI-\'? Umin (,E[{

vf(7)

® Ton size detector with huge N, ~ 107
to probe very low cross-section
e But what about the low mass (< GeV)?




Hunting_Sub-GeV Dark matter

® Eventrate x+ N —-x+ N

dR = 0w dOon
= Ny Px (" D —

(.1ER \1 . (,F[{

vf(7)

® Ton size detector with huge N, ~ 107
to probe very low cross-section

* But what about the low mass (< GeV)?

* Minimum velocity required to generate

recoil \/ my Er

y ‘ " -
8 rrn

M, ~ 100 MeV, Er = 1 keV,
Umin = l()_



Hunting_Sub-GeV Dark matter

® Eventrate x+N —x+ N ® DM too slow to have K.E.
iR _ oy [ gy o o sufficient to generate E%'
dEr ~ " My ),  dEgp " following standard NFW

® Ton size detector with huge N, ~ 107 flv) = ;,D exp (—z—o) O (vese — |v))
to probe very low cross-section

* But what about the low mass (< GeV)?

* Minimum velocity required to generate

recoil \/ my Er

Umin — 5,2
"'/‘l',\ N

M, ~ 100 MeV, Er =1 keV,

| - —2
Umin = l() C

vg ~ 230km/ S(f_l()—"}(‘-). Vese == 600km/s




Hunting_Sub-GeV Dark matter

® Eventrote x+N —>x+ N e DM too slow to have K.E.
IR < doew sufficient to generate E%'

= ‘.\.".[./)_\ d”v vf(v)
dEg My /.. — dEg following standard NFW

® Ton size detector with huge N, ~ 107 flv) = \i exp (—i—) O(Vese — |0])
iV 0
to probe very low cross-section
e But what about the low masgs (< GeV)?

® Minimum velocity required to generate o | o b Kinetic

recoil \/ my bg energy ---> main challenge

Umin = 5
2H3N |
M, ~ 100 MeV, Eg =1 keV, todetect  light DM

| . —2
Umin =— 10" “¢

vg ~ 230km/ s(l()—"}('). Uese == 000km /s
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DM in optically levitated nanosphere
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Calculation of event rote
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Calculation of event raote

dR Py O
Tk O

my 2/

S(q) = ZNZ FZ(qra)+ N2F2(q

27T/q ~ Thuc JC

y‘»‘.& ® Scattering at

\N o

2 /q ~ Tsp

® Scattering over y \

B nuclear scale entire sphere
200 nm q~10 kev 9<0.1 kev 15 nm
mr ~ 10_159771 Np ~ 10 mmr ~ 10_18gm Np ~ 10°

G. Afek, D. Carney, D Moore, PRL 20121



Calculation of event rote

dR P o oller sphere
G m ;anfS(a)) fomater <

my 2/ lower threshold
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S5(q) = ZNZFqu ) + N, F. (g \
~ x 101
QW/QNTHUC QW/qNTSP

)7'»"& ® Scattering at ® Scattering over y \

B nuclear scale entire sphere P
200 nm q~10 kev 9<0.1 kev 15 nm
mr ~ 10_159771 Np ~ 109 mr ~ 10_189m Np ~ 106

G. Afek, D. Carney, D Moore, PRL 20121
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® Threshold: Standard Quantum limit (SQL) 0sQL = /M spw

* Large Sphere: ¢y = 1.8 x 10%V

Small Sphere:

qin, = 85.7eV
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105 | ;

10° 10° 10%

momentum (eV)

G. Afek, D. Carney, D Moore, PRL 20121




Calculation of event raote

® Threshold: Standard Quantum limit (SQL) osQL = /M spw

* Large Sphere: ¢y = 1.8 x 10%V
Small Sphere: g, = 85.7eV
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Calculation of event raote

® Threshold: Standard Quantum limit (SQL) osQL = /M spw

* Large Sphere: ¢y = 1.8 x 10%V
Small Sphere: g, = 85.7eV

Large arrays of such sphere can enhance

the rate (6400 ID array already achieved,

momentum (eV)

Lester et al PRL 2015
Manetschetal 2403.12021




Fermion DM constraints
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Light BSM particles:ALP

® Strong CP Problem:

03 -

S 39 2GG— (aLML{uR+JLMddR+h'C‘ ) 9QCD:9+arg [det [M"Md]]
T

Neutron EDM constraing! focp S 1.3 x 1071

e U(1)po symmetry: The goldstone after SSB is called “Axion”
QCD scale Chiral symmetry breaking leads to tiny mass -> pNGB
Pecci, Quinn, 1997
® Plethora of BSM model predicts such pseudoscalar not necessarily
related to Strong CP=> Broadly called Axion like particles (ALP).
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e Several approach to probe from astrophysics, ground based experiments,
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® In EFT approach one can have effective couplings ALP& SM
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* Several approach to probe from astrophysics, ground based experiments,

and Direct searches: Sun can emit ambient light particles!
a .

%1012 Gay =5+1070'GeV2, g =510 g2 =2 10~°

2.5 1 1 - — 57Fe
S v W% Primakoff
4 Gary ak, H'VF ABC
— 2.0 '
|
L
Y NI X a ¢ - - - - -] £
~ 15
N
7
S 1.0
' --
VA > > VA 0
0.0

0.0 2.9 5.0 7.5 10.0 12.5 15.0 17.5  20.0
E, [keV]

J.B. Dent B. Dutto, J.L. Newstead, A. Thompson, PRL 2020



Probing ALPs

® In EFT approach one can have effective couplings ALP& SM

0 1

. - 5 AT 5 _ , 3 \’
Lo O —igecey’ea —iNY (g, I + 03g, v ) Na — 1(1.

: Sun can emit ambient light particle

x 1012

g

F,, F"" ..+other gauge bosons
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|
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Y oI N a ¢ E
i 1.5
N
T,
S 1.0
g =
YA > > Z 0.5

1

4

J.B. Dent B. Dutto, J.L. Newstead, A. Thompson, PRL 2020
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Probing ALPs

® In EFT approach one can ings ALP& SM

|
—a

nIT1%
P &

- -
Loe O —ig..67 €a

e Several approach to probe from astrophysics, ground bas
and Direct searches: Sun can emit ambient light particles!

experiments,

B =10 (1 /] — 12 €
x 1012 Jay = 9+ 10 YIGeNT, Jae =W Gan

® ALP can also emit from the nuclear ~
7} Primakoff
° ° ™ g(l. 4 § a F,U'l/ F'“ £ :\I;l(‘
deexcitations: ~14.4 keV |
57
G, 704 |
= | »
Energy Y Y %2
+14.4keV | = et 1=10"s | >
) 1~"Fe (ground state) aoete
X 3 S > |
2 2T % B -
Spin quantum number 28 8 75 100 125 150 175 200

E, [keV]

J.B. Dent B. Dutto, J.L. Newstead, A. Thompson, PRL 2020
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Probing Solar ALP

® Sun has Temperature~KeV, emitted
particles with energy~KeV

* Hard to detect in nuclear recoils! Hardly
any constraint on ggnN

* Solar ALP flux:

ko \°
(I)a, — 4.56 X 1023(‘92{\{)2 (k_) cm_23_1
Y

——

92{\{ = —1.19g0x + 9§

.......

~
~
~
~
~
~
\\
\/

Ideal for levitated
large spheres!



Probing Solar ALP

. a
® Sun has Temperature~KeV, emitted N R .
particles with energy~KeV atpopty 7
* Hard to detect in nuclear recoils! Hardly
any constraint on ganN r€@T, s S Y
* Solar ALP flux: | A
ANE :__________:i;;; ____________________ ’/I,":é
&, = 4.56 x 102 (g°])? (k—) em 25! N 40 A
0! «F 10°E o /|
92{\{ — —1-19921\7 + gZN i—“““—;;;“—b@ __________________ ///
8. Dutta, D.k.Ghosh, SJ, 2410.XKKX Y W

m, (eV)
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® Assuming ALP saturates galactic halo DM density xs +p — p+ 7
* DM slow and will transfer its mass enerqy, Rate peaks at g~ m, (my > )

Pseudo-scalar DM (large sphere)
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Pseudo-scalar DM (large sphere)

ALP DM constraints

® Agsuming ALP saturates galactic halo DM density x;+p — p+ 7
* DM slow and will transfer its mass enerqy, Rate peaks at g~ m, (my > )

Pseudo-scalar DM (small sphere)
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And so you can do for scalar, vector...



Conclusion

* Levitated sphere set up can probe galactic low mass dark matter

® It can also probe solely the nucleon coupling of 14.4 keV solar ALP

® Can be used to probe plethora of light (low energetic) BSM particle
Ex: Earth bound DM
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