
Dark matter I
-

LMB observations tell us 83% of the mass of the

universe does not interact with EM or the strong force;
-

Can't be neutrinos lithe(too light), so dark matte

(DM) must be some particle beyond the SM.

Moddingfor DM

Let's try writing down a lagagion that can describe "dark"

DM. Only requirenets are Lorentz and gauge invariance;
at this point, anything goes! One way of organizing, look for
renormalizable operators ofnew fields neutral under and gange group.
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"Portal" to dark

sector darkphoton Higgsportal RH neutrino portal
By way

of example, let's focus on Higgs porful, with a new real scalar 3.

C.=CreSCY-In."S"-AyS"HTH
After EWSB(H =E(r)),() - Iv-5"- AnsrS'- Is sen
us->n+ArsrY, if m5r this doesn't charge the story.

Declare that I has a 22 symmetry - so it's stable (SIHP Forbidden).

The Cliff notes for DM.

· need to annihilate in early universe to avoid overbudence,

39 - In so he fixes some relation bar is and is
· Can detect One by
- scattering w/am particles ("direct detection")
~ anihilation into so particles ("indirect detection")
- making it at a collide ("collide production")
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All of these are related by the Sage Feynman

diagram Is) :
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Collider productionindirect detection Direct detection

Let's compute each in turn .

Suppose msssmn .
One annihilation Channel is SS → hh :
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For a rough estimate, just use first diagram
.

g
identical particles

1mi -_ 44,512!2! in Fesnna rule 5h7, 0
= zE¥l£¥ (4×1+5)

For cosmology
,

the relevant quantity is actually one , (really,
a thermal average over Boltzmann distribution) .

When annihilation

shuts off
,
S is just barely relativistic, so E, = F-< = ng

⇒ one , = ,÷ (gain a
factor of -4 accounting for SS→ WW, 22)

To obtain correct amount of Dm today (
" relic abundance

"

)
,

need

gv, ,
= to

-26
cm

"
/s => has = 0.21T¥) , very reasonable !

( Nole we will violate unitarily for ✗
µ , 2.9-a, so Ms I 75 Tev for

this model to be predictive .)



idefection L

Look for DM scattering off atomic nuclei N. First look atMclon.

-

-

p
-S

P1
↑

InCo - proton vention
Pr PR

What is Higgs coupling to nucleous? 2> higg, so what
we actually want is the matrix elennt (1199h)
which is necessarily non-perturbative at low energies.

Let's first just parametrize the Higgs-nucleon coupling
as Er: Cear= Echin

in =(EM) i <pruspr) (t = (p -P= S02-Pal)f - r-

<MIY =

<rETC(ya+w)(P+vel] =

reSPrPp+m'
Since Dmioelativistic, we have to be a little careful with

the kinematics:p. - (es+Eesron,0.0, nsven), p2 = wn,0,0,0
Po = (m +,gsint, 0, 9cost), On = P1 TPL-PO

3 toOCUY

=t =(p -P =

2n - 2(n + = - qu
9 is the moveturn transfer from DM to nuclear

Since quax: 2Msrom, and gavitational measurements tell us VonFlo

1942, and we can approximate the denominator as an
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Now, can use dog instead of drop in phase space integral since
-
-
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9 - Pp-Pr, Eaton, Extns

o = senver SseedaR sunFOT, TP2-Ps -Pal (I

= -

Fi-ErdesruTronOroESMEdcocOIulIvratIOTEINR
res 21
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I use offunction to do cost integral 2Msr
Mass

Ocquancose-ti = t dscono-round
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For ask me, harm, and or areaaN

Two remaining ingredients: devreon and
copeor, he cross

section from a nucleus composed of many nucleous...

Higgs couples to all quarks: tn =2En<nlggh). Things like
9

Cnlun+dal) come from Chical perturbation theory, since Higgs

couples more strongly to heavier quarks, dominant contribution is

from strange quarte content of melon, (15sh) = 0.3.



=>take for astagequanss, ororin #
v

I
f nucleus were just a bus of nucleous,

o:MNATO. Butat large movethe transfer, we lose
coherence over nucleous and

need to include a nuclear form

factor Folgt, which starts to differ from I atgotmer.
Ignore this for now: take A=131 for xenon, target mass of

1 ton = 9x10" Xero nuclei, suppose us = 1 Te =) Xs = 0.2

R = Nxe vbmOvV=Sx0* jOGeVn(BM(1)(10 -) xDM

↑

Mxe/m A rom

(10.27(10-5) (2566e0)"s16ery
#ESCeU

= 3x10-H2 = 1000 events/y
Can be posted by XENON- IT!

I
production

Let's make 5 at a collide. Can obviously do

FFeneSS, but this is a fully invisible final state,
and itshard to trigger on "nothing." Say we have
a lepton collider. We could radiate a photon:

e+ m --
S- h ee

-

- UF invisible
...

2-- -s
"Mono-photon"

But electron Yakama is small:yn = the lot
How do we exploit a large coupling.
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d-e- → zt inv.

e÷Iʰ€É "" ( "mono - z ")
'S

only large couplings !
5 is

~ 0.2

If 2 decays via MᵗÑ or qoi, this is a very clean signal

given the large missing energy
,
but need 55 > 2mg +nz .

At a Hadron Collider
,
want to egskoit top quark coupling ;

Imai ÷
"

-

e. g

"

mono - jet
"

Harder because we have to deal with all the soft

QCD gunk which
did not go into the gluon PDF,

but this is a key search strategy at the LHC .


