
IIP dank matter searches : Direct detection

OM produced via freeze-out : it has tobithealer
~th the SN = there must be sizable interactions

.

Can

we test them?

Direct detection
-

Idea : Earth is contently litted by Om partile

·-
·
X

⑧ #
.

/

Some of the (depending on
the cross section) will scatter

against son particle (nuclei) of the stuff Earth is made

of . If we take a "togeth and we equip it to see

on
recoil

of the muclei
it is made of ,

we can hope to detect

These scattering processes and meas the can section
.

-x easte scattering .

->
N

N



Typical muten : Pon -0
. 3 Get as we zeokm5

N/c - 1
- 3

Earth is moning (No = 30km5 ~)

·

-* OM hold

⑲
x

*

The Sun moves in the galaxy ,
Earth moves around the Sun

=> Expect annual moblatio of the incoming flux landthece

of the signal (

Estimate the flex
local

local
~

a= Px fixed = Mx decreases for larger my

beavier I landerto detect (there are

feuer around)

local

Typical flux : qX = MaN-

for my = 100 GeV :

=geva enter
For comparison : the flex of solar mentries is~ hot mi 51



Background : -cosmic says (and
their

secondary produce
-natural radioactivity
& Wis

Setup : specify the target (man and spir of the mclun
and the detection method /electrons emitted from ionization,
beat and phanous for vibrations (mteprotun ineass),

lightmitted by scintillating mistolo ... )

Kinematics
-

X N = XN

Inthe plane of ir , Pr i

↳i
-!

↓ O
P

&

my↳mantymenmemiama = my + ma
= &

(2) = wi= wi +/ 20 (3)

(1),3)=- 20
~r + 1) = 200

= Nr =
=m wa0
m +mx

=> Er *Mun= 0

mxmN
-

were M
=

mx + ma



Energy threshold
-

Maximal velocity : Emax-

Thisds to empass zoe detector theschols :

Emex2 EthN) Ne :th&
em

My mxx)mp

Mu & my mrkm)
Eth

= Nt =

Jun mx()my

may+hI 2m mxmy = detection becomes

problematic for
mxmp

Typical recoil mergy ! ~~soGet, mpwo get Ken↳ atoma
N -13

54x2

Emexnengin cook
Minal recoil

ragy
in an experiet : ~ Olkev)

~ corresponds tra mess (mxmamama

matterge



Center of man Heinematic
-

Yor can makat the lication and get Ep = Mine in
Solution !Y Pt ph = Pw Pr

= PA
-- => Px = Pr = pi-Pi

P p·

Premiemane wel-meter-priltm)
=> p = MNr

defin- = 2 pivie(1 + c0x)

go is a Lorentz ivoiet ! Q = By - Bx = Q = - q

(8 % )= -( )
In the ba fore instead :

-Ex = -Fi = (Mr) ·I
Pr

=> Q=pe -mn)- pr = mi + pr -pr +mi-emmm+ pr
=~mi-em(1 +4) = - pr

=> Int endEm
=>·



Etteringrate

Event rate: Tw-> in general, supe ,

butwe can write it as

Nel becausetha two
↑ isLounts invariat

· equal
in frames iia

Differentialrate :

·M2xNrat
~

121
dj

For NR relativistic sattening Tex & T(y ,
0x)

·
M depende on how does DM interact with themucleus

.

NB : here we fixed a velocity ,
but DM actually les a distribution.

Or Earth
,
this is not theeimple namellian distributo ,

because 1) I haveto lastit to the Earth fore (Dis

mig and O which move around the galaxy) and
4) there is an excape velocity .

Nes

↓ faler) dar- 1
P and Px

= 0is get un
-> mx

is purely astir

andde

De



~

Non-relativistic operators

Hour does DN interact wh nuclei ?

Two observations :

1) gamed ~es mux ~ o vogev-voter
Mn + my

&x
~150 TV where t = 1 = 197

.

3 Nev fr
~ efu s prota size

=> X doesn't see quart andyear , it sen potor adventos !

4) NX1 thre the scattering is a relativistic - merthe

tools ofme elativistic QM rather than QFT .

Procedure :

1) consider an operator mediating the X-quarks /yea
itratio

, eg

03 = 700xg8nq
09 = 06, Xg0r0,

X

4) Derive what spectors does this induce at the nuclear leve

0 0 = * OrX NOrN Luth an appropriate
coefficiento (

Of O% = FOU
, XOrOSN



3) Consider the -elativistic list .

Limits of facio lilivar

are of the for

~ (p)= (

(acpiumppx)
<pi8M(p)=(
=

We detain

= 1 "Sli spir-independent

08 On En "St : spir-dependeth

Wher the ne ul operators are "used" with na-rel field
containing only creation or anibilatio ope

2- [ [c 0: x
+
x NTN

Nom
,pi

N(x) =kn N

4) Compute the X-nucleus ran sectio
.

Sl scattering
min a factor A-010% because the matrix elevents with

individual unclei add app colently .



Empl: Si

MSh = Flemi (zfp + (A - z(fn]
[

~

wlea farm factor" descends for metelig
the quark operatorto the nuclear

· FLER) ?
Nex

=Numn) 8xfull derve)& Nrel

Mi(ER)
---

target microscopic ~clan astrophysics
Om model physics:

fa
tomen

how to
go
below GeVI scattering off electron,

Em
& collective statterings .

Ae
-

/III1
- 95 Xenon 1T

10-46 -- (1+x - x 1y)

vertino floa : at this
147-2

starts to see No fro
2018 T xsitivity the experiet

- 45 the m Ivey neve
W

I I I at these energies
· 1311 w

-) a nightmar backgand
mx [GeV]

need directional detection?



for mass limiti - below to get > scattering/ electron
- blo ~MeV : g-kev = 0x-i

=> OM interacts with
many

malei at the were

Fie
,

Excite collective moder of the target



Indirect detection
-

General idea

There DH production => DM particles can armibilate into

pains of SN ones

Tronal freze-out benchmark : <TN) = 3x15
% 2251

Istris a lig number Nurser familitation in au sola

syste ,
since when the galaxy exists :

Nee<N =-Lo RepI

~rajaxom 10 Au Ise

~ 11

We red to point our telescope at
regions with high OMdesity

· galactic centre : large p ,
but large/complicated lkg

for stellar processes

· draf-galaxies : most precise rigal because DM-donated



Final states

main channel : poin aribilation

** - gi ,
ee

, mtp ,

t
,

rr
,
00

,

wiv; z7 ,
zh

,
Ih

· quarks badonize -p,
m

,
his

, . . .

· mustable particles decay
· EN conection are importet: emissio oo soft/collisa

Mx
Wesse is enlad by log , boylog ma

andon alter the spectrum .

W

u
=> the ented W/Z inclos production of other particles

S-
o-

↑omin· t
XX T

e



Propagatio
Mental stuff (DadV) : truel rolistined or a straight live

changed stuff (et, pF) : scattered and beded by golata fields
i thegalaxy : needor propagatiomodel

Lin/ unutenties

It mul plator
Two chances ;

XX + 00
y
via a lox diago

*
o = ( +pejam2(e(1)

= Eo = my = X-ray live

Final state radiation/decay : continuous spectre
We expertmething like

a

relativeheight depends or

PLE)

I the branching faction#
mx

detector resolution



XX- WTW-

is the see as etc + NTW
,

as legas
FSR is accred

.
# we a we all the maching

developed for collider experimete (haroization
,

redictive

conections
,
eta)

Photo flux

C iden photos produced at one particular location in the

galaxy
du

A z=#DI Id-h
⑧

·Nde
E M <Tel Alt

T
↑ avoid double counting in the

under of distinct OM poir
spectrum of
produced photos

Integrate over the volume / dV = rididi

(A)dEg
T ↑ ↑ ↑

detector particle SM astrophysics
physics = J "J-factor"



Main uncertainty : I-factor (up to e orders ofmagnitude
We do not know whether the distributo is peaked or cored

Results

Typical hand looks like

depends on thorptio
·:/H often davivat annihilatio
~ 1

-45-

125 t Channel

20 %-

1-24-

-is is malger

Uraging DM

X Stuff / [x) Tu

Some as above
,
/ <Tv) replaced by meta wrx=

=>Jaury (al px = has martainty

Other photo sources (DM related)

· syncration mission in the galacting magnetic field t

XX + ei + f
·Berse Capta sattering
XX + etc +

extus ur photom
SME on other IR O



Again , for v + o
, Sanefeldenhamet & Landstate

formation can be
very iportat

Dried exams 2100
.

02606]

Backgard estimation + statistics is a mesty lucre

If any sigal in see
,
I questioni

1) is it really there ? On is it just sore statistical

fluctuation? A

maybe ther is justo excret

2) ifa excenis fanta ,
is itthe to DR ? Or do I

red tormodel my lkg?

- comic rayo portan , entiprotor, at highergy
- anti-He
- 3

.

5 kV lie in galaxy clusters (day of the
staile mentina)

- en -alation

- 1-3 get Day excess around the galactic centre ,



Neutrino for the Su-

I - *

--

&&"
/
1

Scatterings slow down X that is trapped in the Su

Nav = Pcapture & <TNC /pottering
I

XX+8

fat ent a That Cotong olo for SD(



Collider searches

Proce DM at colliders
.

X leave the detector without being
detected X

-
/
L

X

Such aevent is wellers because I cannot detect it. Need

to have some recoiling SM particle .

Eg gi XXg
us montjet + missing energy

e
i grea "nor-X + MET" searche

(x = jet, 0, z, h ,
-. . )

MET =

mining Ex
= -[p momentum inthe transverse

plane is inbalanced

x
#Fir +Pr = O enti don't ne Fina,
F

Stapoto collider the lagtudial meeter is notO



Typical result :

-O
Implinge
ar fixed

Otherseach chards :

· cascade decaye
Z

-N M

P

Yo ---t
A quark is the last

⑮

P - & x ↳strained

----

top partners mach ast

or wellmotivated (SUSU)
· 4 - invisible

and less astrained

Pax
P-sn

·Mediato searches (this in what LHC des best)

↑ Sinkjet chanel
T

M222-2 .
5 TeV for y

50
.

1



Early Universe lands
Dr emibilation a be dageous if they deport too muchengy
it the plane around the tie of mchonthesis or

CH8.

Engy injected i the plas after freeze-out :

-mamin =(
= ma ma ()mm
- u wa (3 He

= Pr () Hy

In one tilble Fire
, for each baya Tiject on energy

#(x(H) HaT
- -

I O
Jger Menoger Xgues TyreGeV

I
= sgar g T

·ON : Trial Hav linding energy ofmalei
= dangeome !

CMO : Tweet I linding eargy of Hato
= dangerous



For ter actual laund I have to
go
bakk to the expressio forthe

enyy deposit and exple it in Fire or the duratio of Don

on
CME :

muxma)) = G+) p

Stagest home far Cro : Cons3x10
=> mx L roGet for tha for production

Imbess the do inat channel is

into mentries
,
that decouple

around BBN Craylefor CRO)


