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Why the Dark Photon ?

‘I’, L . HC Measurement
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Why the Dark Photon ?
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Why the Dark Photon ?
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Why CMB Spectral Distortion ?
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Why CMB Spectral Distortion ?
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Why CMB Spectral Distortion ?
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Why CMB Spectral Distortion ?

T ] 1T

CMB sr Questions:
currentl
test for IR What’s the correct formalism?

St e 2. | What’s the correct constraint?
3.  What’s the correct smoking gun?
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Previous Treatments

COBE/FIRAS v — A’

**  Homogeneous
= Log-normal PDF
=== Analytic PDF

I=Iw a4
Mirrizi, Redondo, Sigl 2008

Caputo, Liu, Mishra-Sharma, Ruderman 2020

my [eV]

Works perfectly in low redshift

Caputo, Liu, Mishra-Sharma, Ruderman 2020
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Previous Treatments

Iv)=1,&) -

Mirrizi, Redogldo, Sigl 2008

i y—>A’)

Caputo, Liu, Mishrg@harma, Ruderman 2020

High redshitt

Compton Scattering
gt g oy

Double Compton Scattering
L Al B e

Bremsstrahlung
e X o0 X+
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Previous Treatments

T =0.2eV 2eV 70eV 0.5keV
7 =103 10% 3 x 10° 2 % 109

Free Streaming Era 1 — vy Transition Era

Xucheng Gan @ NYU—-DESY

may = 10710eV 2 x 1078%eV 3x107%V 5 x 102 eV
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Previous Treatments

attering

AfIf,=—P _ 4

Free Streaming l e _I_ 7/ — e _I_ }/ T Era

AfIf, = pM(x) + yY(x) + 1T(X) + 8grpp

hlung
e o ¢ 1+ X7y
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Previou

Recast || and |y| with

d(Qlp,

s Ireatments

v.—> A 1S NOT
) thermalized energy injection (P, — 0)

AL(x; Ty) = [dz’ G™(x!, 25 Ty) o
Z

McDermott, Witte 2019
Dark Photon Limit Website

Xucheng Gan @ NYU—-DESY

We need selt=consistent treatment
of i — y Transition Era
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Our Treatments

: . d(Q/p.)
Thermalized Energy Removal AL(x; Tg) = | dz’ G"(x', 25 Tp) :
P.=0 l i
Photon Removal AL Ty) = l'dx’J'dz’ G(x; x, 25Ty S, Z)
P

Xucheng Gan @ NYU—-DESY

1 dﬁy Fy—>A’(Z/)
SRE S = o ;
m, dx' (1 + z)H(Z)
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Dark Photon COBE-FIRAS Bound

Dark Photon Constraints

z < 10° Free Streaming Era
10° < z < 10° v Era
10 <z <3 %10 u—yEra

m— [Yee Streaming Era

3x 102 <z<2x%x10°  uFra

z>2x10° T Era

Giorgl Arsenadze, Andrea Caputo, Xucheng Gan,
Hongwan Liu, Joshua T. Ruderman, 240X . XXXXX
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Comparing with Previous Works

Comparison of Dark Photon Constraints

Comments on Redondo et al. 09

1.. Does not consider photon redistribution

FIRAS: 95% C.L. 2. Need hard cutoftf at T-era

== [rozen :

«=s o MAirrizi, Redondo. Sigl. o ‘ 3

- == Pure Linerey + |j2]. 4| Recast - o \'f"__‘ 3 Out—Of—date X ( )
MceDermott, Witte, 2019 J4 ) . € Z

—— 4 Era '

m— 1 Transition Era

4.  Incorrect smoking gun

Giorgl Arsenadze, Andrea Caputo, Xucheng Gan,
Hongwan Liu, Joshua T. Ruderman, 240X . XXXXX
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Dark Photon COBE-FIRAS Bound Revisit

Comparison of Dark Photon Constraints COmmentS Oll Red()nd() ct al- 09

1.~ Does not consider photon redistribution

2. Need hard cutoff at T-era

3. Out-of-date X (z)

FIRAS: 95% C.L. 4.  Incorrect smoking gun

- = [rozen
«  Mirrizi, Redonda. Sigl. 2009

- Puro Buergy + il | Recs — Comments on McDermott et al. 19

MeDermott, Witte, 2019

w— 1y Lo

m— 1 Transition Era

1. Inconsistent treatment of y — y era

2.  Cannot smoothly transit to the free
streaming era

Giorgl Arsenadze, Andrea Caputo, Xucheng Gan,
Hongwan Liu, Joshua T. Ruderman, 240X. XXXXX 3. Incorrect smoking gun
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Dark Photon COBE-FIRAS Bound Revisit

Point C: j era 1 Era Distortion
3 X0 An}/,inj
Hini = QX0 e PS
i [ xinj] n,

MecDermott et al.: P. = 0

Real Case: P, = |

Complete Treatment

—— [Pure Energy ll/t m] ‘ PS=1 'XO
-=== Frozen — ]
Hinj | P.=0 Xinj
Giorgl Arsenadze, Andrea Caputo, Xucheng Gan, Xm ] < .XO //t ﬂlpS the Slgn!

Hongwan Liu, Joshua T. Ruderman, 240X. XXXXX
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Dark Photon COBE-FIRAS Bound Revisit

Point A: y era y Era Distortion
[ COBE-FIRAS Data Gox)=ar (1-Pox. o)) —2 (x)
1
} \ +tax' - P(x.2) - s O)
2T,
alimiin

““l“ﬂlﬂ“‘" McDermott et al.: P, = 0

Al(x) « Y(x)

mmmm Complete Treatment

—— [Pure Energy

-===Hrozen

Real Case: P, = 1

Al(x) = — P, 4(x) - Iy(x)

Giorgl Arsenadze, Andrea Caputo, Xucheng Gan,
Hongwan Liu, Joshua T. Ruderman, 240X. XXXXX
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Summary

1. CMB spectral distortion 1s a extrodinary tool to test the photon mjection/removal from
BSM.

2. CMB spectral distortion 1s currently the best way to detect the ultralight dark photon 1n
the mass range .

3. Previous treatments either neglected the photon redistribution from the Compton
Scattering, or used the incomplete tormalism considering the thermalized energy 1njection.

4. We revisit the dark photon, and do it with the complete formalism. We not only fix the

dark photon COBE-FIRAS bound, but also predit the smoking guns for the future PIXIE-
like experiments.
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Dark SRF Experiment

Light Shinning Through The Wall

Emitter Cavity Recelver Cavity
(2 10%° Photons) (Empty)
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