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LHC and Cosmology
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of the Universe

@ stars
® Stars and galaxies are only ~0.5% @ neutrinos
: @® baryon
® Neutrinos are ~0.1-1.5% ® dark matter
® Rest of ordinary matter @ dark energy

(electrons, protons & neutrons) are ~4.4%
® Dark Matter ~23%

® Dark Energy ~73%
® Anti-Matter 0%
® Dark Field (Higgs) ~10%2%??
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Solar system revolves at’
requires a lot of mass
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You don’t want to be
... khere

coII|S|on a.t 4500 km/‘sec’

Credlt J. Wnse M. Bradac (Stanford/KIPAC
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Cosmological scales

Angular scale
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DM Jsa
VVhat do we know!

® (Cold and Neutral

® dark matter must be non-relativistic and
clump together by gravitational attraction
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“Uncertainty Principle”

® must clump to form galaxies, clusters
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Search for MACHOs
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EROS collaboration

(Massive Compact Halo Objects) astro-ph/0607207
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Mass Limits

o |03 GeV to 10°° GeV

® narrowed it down to
within 81 orders of
magnitude

® a big progress in /5 years

i - 5. ’
AL - "\ A A ) e Al
e = "/ q & Q4 e . § Sl COLE. — 3 P
- A . 4 . & K B h

LA l ASA 1) S Bt A (1 L T . v

o "_, o 4

S > kit oo% ' o'.h’- R

" Y I EVeYIs
-A,) -



if self-coupling too big, will “smooth
out’ cuspy profile at the galactic
center

some people wanted it

(Spergel and Steinhardt, astro-ph/9909386)

need core < 35 kpc/h from data

O < |.7 x 102> cm? (m/GeV)

(Yoshida, Springel, White, astro-ph/
0006 134)

bullet cluster:

o < |.7x102* cm? (m/GeV)
(Markevitch et al, astro-ph/0309303)
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MACHO = WIMP

® dominant paradigm:
WIMP (Weakly Interacting
Massive Particle)

® Stable heavy particle
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thermal relic

thermal equilibrium when
T>m,

Once T<m,, no more ¥
created

if stable, only way to lose
them is annihilation

but universe expands and
¥ get dilute

at some point ithey can't .
find each other | e/ (e )
their number in comoving
volume “frozen”
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Finding Dark Matter

XMASS B
800kg LXe

Direct detection

~_underground laboratory
neutralino-.
€

® nucleus

detector
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Finding Dark Matter

Indirect method
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Dark Matter
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nheed for enhancement

® At the freezeout, we need (Ov)~10GeV-2

® |n the galactic halo, we need «<0v»BR~107GeV-?

® How do we reconcile them?
® non-thermal relics
~ ® enhancement in the (halo density)?
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I Breit-Wigner

enhancement

S=4m2+vre|2

If resonance M is below
threshold 4m?Z, not
accessible vr2<0

early universe, does not
see the BWV tail very small v,
much

in halo, dark matter does
see the tail

called “ghost” in nuclear
physics

L

BERKELEY CENTER FOR
THEORETICAL PHYSICS




R
| 2L lN am b U- G O | C| StoNe: v e

Dark Matter
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prediction

® bumps in diffuse gamma

annihilation

EGRET ST "« EGRET
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SUSY spectrum

® no dark matter (3-5 TeV) at LHC, but
associated SUSY particles within LHC

® The model predicts light gauginos
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“Large Hadron Collider::-

I
Recreating Big Bang
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Standard WIMP

® SUSY, Universal Extra Dimensions, Little
Higgs with T-parity, Warped Extra
Dimension, .....
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Producing Dark Matter:

in the laboratory

Supersymmetric Dark Matter &

® Mimic Big Bang in the lab >4jets p>50GeV
sl fpmide >2jets 100GeV
° jets p,>
Hope to create mymble _ £ miss>100GeV
Dark Matter particles 3 E miss> E_sum/4
S §,50.2
® | ook for events where s ho 1. ¢ in Inl<2.5
energy and momenta are g
unbalanced 3 .
2  Signal+BG
® Something is escaping Background

the detector

' 7 : 1000 2000 3000 4000
=Dark Matter!! 0 (Gow




Supersymmetry

amazing reach

Ldt=1, 10, 100, 300 fg
AO= 0,tan =35, u>0

one year
@1034

one year

@1033

one month
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Can do many precision
measurements at LHC
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New physics looks alike

missing E1, multiple jets, b-jets, (like-sign) di-leptons

+little Higgs with T-parity, vwarped ED with Z3 baryon
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® Electron-positron
collider

® Super-high-tech machine

® Accelerate the beam
over ten miles

® Focus beam down to a
few nanometers and
make them collide

® Precisely measure the
dark matter properties

29



800
X
©
o

2 600
>
‘0
C
O
©

2 400
E
O
Ne)
e
Q.

200

0

50

< 40
©
~
(A
©
>

5 30
C
(0]
©
>

5 20
O
O
©
Q.

10

0

NWmega from collide

[ T ‘ T T T T T T
LCCH
- LHC+ILC—1000
L LHC
1 ‘ Mx—' 1 rl 1 T |
0.16 0.18 0.2 0.22
Q h2
T T T T T { T T T { T T T T { T T T
L LCC2 LHC+ILC—1000
| L ol l 1 1
0 0.15 0.2

probability density dP/dx

probability density dP/dx

30

20

30

| Lces

LHC+ILC—=1000

LHC+ILC—=1000

1

1

probability density dP/dx

200

150

100

BERKELEY CENTER FOR
THEORETICAL PHYSICS

I'S

LHC+ILC—-1000 -

SUSY case study
Baltz, Battaglia, Peskin,
Wizansky hep-ph/0602187
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what Dark Matter is!?

® of dark matter
e abundance x ¢ |
ann
® detection experiments 3 LHC
3 ' =
® scattering cross section S
: 2 [ WMAP =
® production at S ILC
® mass, couplings :
® can calculate cross sections
® |f they agree with each other:
— Will know what Dark Matter is mass of the Dark Matter

—> Will understand universe back to t~10710 sec

31



Inflation
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Conclusion

® Major puzzles at the intersection of particle
physics and cosmology

® [eV energy scale appears relevant
® Dark Matter, Dark Field
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