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BSM and DM at the LHC
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At the commencement of LHC it was generally believed that BSM would be found immediately in prompt searches
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BSM at the LHC

At the commencement of LHC it was generally believed that BSM would be found immediately in prompt searches
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ATLAS Exotics Searches” - 95% CL Upper Exclusion Limits
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* Small departures of the CMB frequency spectrum compared to a perfect black body

 Typically at redshifts of Z: 104 - 106
* Both Standard and non-standard processes

Thermalisation via Compton, Double Compton and
Brehmstrahlung scatterings

Temperature shift g Z >= 106

At redshifts higher than 106 , any excess energy is redistributed by thermal Compton
and Double Compton Scattering : Not an observable effect
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Can Cosmology tell us more about BSM/Dark Matter
(CMB Spectral Distortions

* Small departures of the CMB frequency spectrum compared to a perfect black body

* Typically at redshifts of Z: 104 - 106
» Both Standard and non-standard processes

Thermalisation via Compton, Double Compton and
Brehmstrahlung scatterings

Temperature shift g Z >=106

At redshifts higher than 106 , any excess energy is redistributed by thermal Compton
and Double Compton Scattering : Not an observable effect
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Can Cosmology tell us more about BSM/Dark Matter
(CMB Spectral Distortions

* Small departures of the CMB frequency spectrum compared to a perfect black body

* Typically at redshifts of Z: 104 - 106
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* Small departures of the CMB frequency spectrum compared to a perfect black body
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CMB Spectral distortions

Within ACDM
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CMB Spectral distortions
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CMB Spectral distortions
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Can Cosmology tell us more about BSM/Dark Matter

BBN Constraints

Production of light elements D, He-3/4, Li-7
A small amount of Be-9, B-10/11 via CNO processes

-0.04  (Adeetal., 2016)

D/H=(2.527+0.03) 107

High Redshift low metallicty H clouds (Cooke et al., 2017) Any excess energy injection at late times can alter the predictions of BBN,
primarily by photodissociation of light elements

Li/H=(1.58+0.31) 10°'C Population II stars in the spheroid (?f the galaxy : (Sbordone et al. (2010)
factor 3 off from standard estimates "

Y (,=0,245+ 0,003 He-4 primordial mass fraction (Particle Data group 2019))

Lyman-alpha Constraints

If a relativistic relic is produced deep in radiation dominated epoch » Denisty perturbations of these particles suppresed for scales below

Their free streaming length
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Consider a frozen-out NLSP neutralino with (possibly) the right relic abundance decays late to LSPs
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Super WIMPS
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Super WIMPS
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Most previous constraints primarily concerns BBN,
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Super WIMPS
Example 11 : Axtnos
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Super WIMPS
Example 11 : Axtnos
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CMB and BBN constraints on gravitino SWIMP

A slightly modified version of Exoclass
6+2 extension of the standard ACDM

{h, Why Wedmy sy A57 Zreio} + {1Og10 ffraca 1Ogl() 7-Glec}

Slow Monte-Carlo Convergence

Spectral distortion dominated exclusion region

10°8 < Tgee < 1013

CMB anisotropy dominated exclusion region > 1012 s

BBN most sensitive upto 1012 s

Needs CMBS4 + Prism to extend the reach



CMB and BBN constraints on gravitino SWIMP

':;gjf:§;§;;::ff?;?gﬁI;%;E»ji;;;5;;5;;2;2;2;E;S;E;E;E;E;S;E;E;S;S;E;E;E;E;E;E;S;E;E;E;E;E;E;S;E;S;E;E;E;S;E;E;S;E;E;E;EE;”:;?E;;?I;%;Ejé;;;;;2;5;5;5;5;E;E;555;E;E;E;S;E;E;E;S;E;E;E;S;E;E;E;2;E;S;S;E;E;E;S;5;E;E;2;E;E;Z;S;5;E;E;2;E;E;Z;E;S;E;E;2;E;E;E;E;E;E;E;E;S;E;E;E;E;E;E;E;E;E;E;E;E;E;E;E;E;E;E;E;E;S;E;E;E;S;E;E;S;5;E;E;E;E;5;5;S;E;S;3;5;5;5;5;g;g;g;;;g;g;};;:f;:;;;:--‘ A slightly modified version of Exoclass

10-2 4. 6+2 extension of the standard ACDM
{h, Wh, Wedm Nss As; Zreio } + 110810 firac, 10810 Tdec }
107 - ..... =10"GeV|  g5low Monte-Carlo Convergence
10—6 - ::::?i;;;;i;f*# \\\\\\\\\\\\\ Mot = 103 GeV Spectral distortion dominated exclusion region
''.'::2555555555:5;5553;3?E g;f;i;ffff‘ b T 10°8 < Tgee < 1013

1077 - ..&:{:kﬁ;3555555.;.;:;35;g;m : \\\\\\\\\ ml: 107 GeV CMB anisotropy dominated exclusion region > 1012 s
1010 - ......... \\\\\\\\\\\\ BBN most sensitive upto 1012 S

1 FIRAS + Planck| N/ /

Future CMB Nt 4 Needs CMBS4 + Prism to extend the reach
10_12105 1(')8 10'11 10'14 10'17 10'20 10'23 10'26



CMB and BBN constraints on gravitino SWIMP

A slightly modified version of Exoclass
102 6+2 extension of the standard ACDM
{h, Why Wedmy Tls; A57 Zreio} T {1Og10 ffraca 1Ogl() 7-Glec}
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106 - Spectral distortion dominated exclusion region
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Future CMB S Needs CMBS4 + Prism to extend the reach
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Used Exoclass [Stocker,Kramer,Lesgourgues, Poulin 2018], a tool to analyze spectral distortion
Present within the current Class [Lesgourgues 2011] version 3.



CMB and BBN constraints on gravitino SWIMP

N A, A slightly modified version of Exoclass
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Used Exoclass [Stocker,Kramer,Lesgourgues, Poulin 2018], a tool to analyze spectral distortion
Present within the current Class [Lesgourgues 2011] version 3.

Result consistent with Hooper, Lucca, Lesgorugues, Schoneberg : 1910.04619
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Conclusions

* The hunt for BSM physics is not just limited to collider physics

* Cosmology can probe a larger parameter space in well-motivated BSM models

* SuperWIMPS are heavily constrained by Cosmology

* Previous constraints primarily have focussed on BBN constraints

* Spectral Distortions and CMB anisotropies constrain a large part of the SuperWIMP parameter space
* Future CMB experiments can push the envelop further
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Kompaneets equation and PPSD

Modification of photon bath by Compton scattering
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Double Compton Scaterring + Brehmstralung generates a zero chemical potential 77y <—— M"Y with n # m } i :': 3—{

A dr = O‘Tnedt:

s x3

af B T, 1 9, @f T, KvBRG_5 I(DCG_Mj
Or ~ me 22 0 (x [% 7./ f>]>+ = T

See ...Hooper, Lucca, Lesgorugues, Schoneberg : 1910.04619
Chluba, Lesgourgues 2011



f(t,z) = B(x) + Af(t, ) Af(t,x) a distortion of the spectrum
AT x xe®
{ Af(z) = G(z) T. Gla) = _xag; - (e —1)2

Chemical potential i distortion

G ()

Af(z) = —p

Compton y distortion

Kompaneets egn without equillibrium

€T — 9 333 T Te — TZ Q 3G x
i_i N nz; ;2 aax (x4 lal;; ) | %B(x)(HB(x))D _ T =T g PG Af(2) ~ AT Y (z) Y(z) = 5 (a°G(x) Gl() [xe +1 _4]




Injection and deposition

Energy Injection into IGM

-deposition functiOn fC(Z )' Fraction of injected energy in channel ¢ at redshift z

= W fc — W .feﬂ-‘ Xe = QXC Use on-the spot approximation

dE dE dE
dtdV’ dep,c inj inj
. dfb . . .
Q — W ten -+ Qnon—inj — QXh -+ Qnon—inj

Energy Deposition into heat



Estimate the Co-moving Free Streaming Scale

! )\ — 2 ~ t dt, p /
Aps(t) ~ / d’ v(t) Depends on the particle mass FS,WDM(Z = 2) o a(t) E(t ),
 Jtproa ) and cosmological parameters R 2o N
~ | |
HoV Qo U+ y)(1+0%%)

Value at z=0 should correspond to the thermal (WDM) transfer function

T(k) = [1+ (ak)®] ™

Found by fitting the function to the actual transfer function from CLASS or CAMB

6 —0.83
oA (ﬁ) (0.6736> SR T (1 keV/T) (013) M

With for a thermal WDM




