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* Dark Photon review and motivation

e Very Dark Photon (VDP) thermal production
*\V/DP and Big Bang Nucleosynthesis

*\/DP and Cosmic Microwave Background

*Non-thermal production from Intlation
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Dark Photon
For my < myz, only mixes kinetically with photons
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Dark Photon Landscape

See Review from: Essig ef al.,, Snowmass 2013

~

-
______
e ——

-9 —_————
o non—Thermal DM i

& 'rS'tiickelberg tuckelb_et
“\anisotropic - -~ o
ol ¢

N

— 12 Hidden Higgs (my, ~my)

—15

isotropic_@ir_tg) ==
g =

102 SRR Bl gl
T

APEX/
c 11 MAMI BABAR
104 n
u70
v 10°6 I CHARM _
E137
LSND
1078 .
SN
10—10 L _
0 | Ll ! | Ly
1 10! 107 103 104
my (MeV)
-3
my > 2Me
-6
~-=-9
—-12
—-15

New Physics at the Intensity Frontier - Victoria, BC

Very Dark Photons - Anthony Fradette - 6



102

Very Dark Photon ? e
y ) APEX/"  pABAR
1ot ca1  MAMI ]
Can we use the Universe as a detector? 70
10-6 - CHARM .
E137
LSND
1078 T
SN
¥ 10710 .
10—12 L _
10—14 L |
10—16 L _
10—18 vl Ll Ll L
1 10t 102 10° 10¢
my (M eV)

New Physics at the Intensity Frontier - Victoria, BC Very Dark Photons - Anthony Fradette - 7



102 ]

I T '/ T T
iSA— fJinE

Very Dark Photon ?

APEX/
MAMI BABAR

E141

104 -
Can we use the Universe as a detector? u70
10-6 - €HARM i
3 . 10 MeV ~ 1079%°
Ty~ —— =06 X 107 yr X ——— X
Oleff TN my Qleff E137
LSND
? ? 1078 | T
. . S
Recombination Very Dark! "
¥ 10710 N .

10—12

10—14 L _|

10—16 L _

¢ ¢ 18 1o
my (MeV)

10718
1

New Physics at the Intensity Frontier - Victoria, BC Very Dark Photons - Anthony Fradette - 8



Can we use the Universe as a detector?
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VDP Thermal Production

Dominant contribution from coalescence

The Boltzmann equation
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VDP Thermal Production

Dominant contribution from coalescence

The Boltzmann equation
0
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is modified because of darkness =—% V not in equilibrium
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VDP Thermal Production
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VDP and Big Bang Nucleosynthesis

/sec
0.1 10 105 1000 10* 10° 106
BBN is a good probe for New Physics | | i Db |
Pospelov and Pradler, 2010 ey Yp
. . 1072 - SBLNf).o. -
* Minimal assumptions o
* 1 parameter : n, (Planck, WMAP) o
10-8
—» Provides constraints on any modification ;5o
to nuclear reaction network 10712
e.g. energy injection from non-SM particle w0
d ecays 1000 1;)10/keV 10 1
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Opposing trends in Yy — 7y
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VDP and Big Bang Nucleosynthe3|s

my < 2m. . EM energy injection

* |njection of eTe™ (utu™)quickly transfers
energy to photons via inverse Compton
scattering

e Y+ Yegd — € € allowed for E, 2

* For smaller £, the energy is dissipated
through photodestruction of nuclei

_|_

2 x 10%s, "Be+y — *He+ 4He (1.59MeV),
tph ~ H X ].04S, D+ Y= N +p (222 MGV),
4 x 10%, “He+~ — 3He/T+n/p (20MeV),
g Region la A
Reduction of “Li (3-4 x 10-10)
Underproduction of D
D/H = (2.53 £0.04) x 107°
Cooke et al., 2013
"He/D < 1
\ J
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VDP and Big Bang Nucleosynthe3|s

my > 2m, :Hadronic energy injection

e Simplified by considering long-lived
mesons 7+, K=, K9 and (anti-)nucleons

* Important reactions
Charge exchange
T +p— 7 +n
Lithium depletion
"Be+n — Li+p

Li+p— ‘He + *He

Reglon II B
Short lifetime
(before D-bottleneck)
Additional p <> n, n/p rises
Y, <0.26
D/H<3x107°
.
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VDP and Cosmic Microwave Background

The CMB is an integrated image
over the recombination epoch

Provides constraints on any
modification to visibility function

e.g. energy injection from non-SM
particle decays

- £ 30T e s
. | R g R AT R A R Ay T
eg.: Chen and Kamionkowski, 2004 e P ‘\“: 437 P IR ff
SRS :""v'd-

Slatyer et al., 2009 Planck, 2013

J.
b -

Partial reionization enhances Washes out small scale TT

late scatterings of CMB photons correlation
1 T T T T T T 1e'09 T — T 1 T T — T T T N 17 T
ACDM — 9e-10 | my, = 10 MeV, K =2x10 _—
01 | i & 7et0f :
~ 6e-10 | il
< 001} £ 5e10 ¢ 1
_.; 4e-10 | ]
i & 3e10 ]
0.001 56-10 | ]
] 1e-10 .
00001 1 1 1 1 1 1 1 O . . M | . . . M | PP |
1400 1200 1000 800 600 400 200 0 10 100 1000

z [

New Physics at the Intensity Frontier - Victoria, BC Very Dark Photons - Anthony Fradette - 16



VDP and Cosmic Microwave Background
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Dark photon constraints

« The Universe is a great particle detector -

10-6 - CHARM i
* Minimal assumptions V' % xx E137
T ~ O(1 —1000 MeV) 1071 I
SN

* Additional contributions can only strengthen ¢ 10-10 |
constraints

10-12 | {\iL\\\:\\ BBN
\ \
\\__/
* Present-day decays ? Abundance falls short
by many orders of magnitude (antimatter, 10714 . S
gamma-ray, neutrino signals...) AT
B °He/D
10—16 - D/H —
. CMB ---  "Li/H
* Non-thermal production?
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Dark photons from Inflation?

0a b | P/alnck+WP+higth |
A | Planck+WP+highL+BICEP2
03 | -
Detection of B-Mode Polarization g | |
L +0.07
T = 0.20_005 0.1} —
14 !
Hine ~ 1077 GeV o0 0.94 0.96 0.98 1.00
Ns
BICEP2 Collaboration, 2014
To be continued...
- N

Particles can be produced through coherent oscillations

AXIONS: Preskill, Wise & Wilczek 1983 - Abbott & Sikivie 1983 - Dine & Fischler 1983

Vectors: Nelson & Scholtz 2011 - Arias et al. 2012

. J/
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Dark photons from Inflation?

Analogous to scalar production
?’relimimary

e

EOM ¢+ 3H¢+mip =0

Oscillations start when

3[{(T’osc) — Mg (TOSC)

Evolution of energy density ;
a’OSC
polte) = msom nc667) (22 )

ao
2\ HInf ?
86 = ()

New Physics at the Intensity Frontier - Victoria, BC Very Dark Photons - Anthony Fradette - 20



Dark photons from Inflation?

Analogous to scalar production

EOM ¢+ 3H¢+mip =0

Oscillations start when

3I{(T’osc) — Mg (Tosc) ¥ 10701

Evolution of energy density ; 10-12
a’OSC
polto) = maamonc(097) (%)

ao
2\ HInf ?
86 = ()

V abundance from inflation : Huge!
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U770
* The Universe is a great particle detector
10-6 - CHARM i
» Minimal assumptions V' > xx 187
T ~ O(1 — 1000 MeV) 1078 T
SN
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Non—thgrmal production f.rom inflation 10-12 | (T3 BBN
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\\__/

* Present-day decays ? Abundance falls short 1071 - ‘ ST |
by many orders of magnitude (antimatter, mm ‘He
gamma-ray, neutrino signals...) mmm  “He/D
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CMB
Non-thermal production from inflation
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