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% LHC measurements allow a prediction of Qph°

A WIMP miracle?

Oph? = (#) — ; Generic Test from’
(V) : New Physics
!  at the Weak Scale??,
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Both 2 and 3 allow an IR dominated production mechanism
that may be tested at LHC
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(1) The Mechanism and Prediction

(1) Supersymmetric Models and LHC Signals

(1) Asymmetric Freeze-In
(1V) Freeze-In of Gravitino Dark Matter
Earlier work: (g McDonald ph/0106249
UR Asaka, Ishiwata, Moroi ph/0512118 I’'ll stress general

VR Kusenko ph/060908| behavior
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Initial Condition
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Hidden DM: thermal bath thermal bath
. T T'<T X

%  Stabilizing Symmetry

some visible sector particles

Carried by:
/ { DM, X, which stabilized

eg R-parity in susy; LSP is FIMP or Hidden DM, visible sector contains LOSP



B8

N

The “Connector” Interaction
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The “Connector” Interaction

FIMP DM:

Hidden DM:

Allows X production

Dimensional analysis

IR dominated; cutoff by masses
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Two Thermal Mechanisms!!
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The Lifeu’me Prediction.

Dominated by era
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3% Freeze-in production of X

\/ . .
3% Giving abundance Y., =

The Lifeu’me Prediction.

Dominated by era

and lifetime

Decays typically beat scattering

V — X...
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Applies to both FIMP and Hidden DM

Applies to connector interaction of any dimension

Completely general for any decay-dominated FI??

Susy theories: V is the LOSP: (x~, [~

’ L J

)

No -- later
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V - X e Vi — X
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Yer ~ Mpy —‘2/ =i Yrr ~ Mpy Z ZQ
my, i
Can only measure 1osp Lose ’C(th) relation??
I 1 , .
5 X — Dominated by mi; p¢p IR domination!



Three d=4 Connector Interactions

DM
Higgs ANH, H; X' T’
Bino \B* B/, b

Lepton ANLH, X'

Decays of Chargino LOSP
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- m = 200 GeV
3% LHC Discovers [ LOSP { -~ _ .
[~ — [T + missing T = 0.1sec
reconstruction gives mx: = 100 GeV

~

3%  Not FO&D: Yro(l™) too small

Bino Portal Higgs Portal Lepton Portal

N —

~

Correct signal; but Fl from [~ — [~ 4+ &’ gives ()3 = 102

53 Measure other superpartner masses

7 ! - 77
and compute Fl abundance from 9= qL, .- 2z 0.11 7



111
ﬂsymmetric Freeze-In_



A U(l)y Symmetry in Hidden Sector

( N\ ( . )
Visible sector \ Hidden sector
thermal bath f------- thermal bath

/
N X U(x

V has multiple decay modes V—fi (no X)

V — (contains X)

Non-Thermal: 7 =T - IV —=X)—TIY
leading to an X asymmetry I'(V—X)+ I




A U(l)y Symmetry in Hidden Sector

( . )
Visible sector
thermal bath
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V has multiple decay modes

Non-Thermal: 7' # T

leading to an X asymmetry
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A large symmetric Yy is annihilated away by a large (ov)’ leaving

e

requiring v = 7.7x 10 % s
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If B — L 4+ X conserved, simultaneous generation of 75 !!
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ﬂsymmetric Freeze-In via NLH, X' .

W
3% Non-LOSP X have fast decays Y -
h .
i
%2 They also have slow decays -
)
that contribute to Fl of 7’ Yo A /
via. \LH, X' , ho e
S :z/
% At one-loop an asymmetry '

[~ - [~
is generated in the FI )\/ ~— F/V[_//JT/
X t < _|_ X R | A
N

3%z Sphalerons re-process the
lepton asymmetry to give

28
nB = 7—9f(m7;)77x —F(mx — 1.6fGer




DM Re-construction f_rom LOSP [ifetimed

- ) £ my \ (200GeV\? /102>
= #) = 1.4 1078 (—)( )
W =) <0 105) \2Gev/ g 7,

L ~ ~ —

w X hasfastdecay x — W= )20

3%  Mustrelate (Y~ — [~ ') to LOSP lifetime. eg for [~ LOSP

~ _ T < — o -
T(I” = hi') =7 ( X >T(X — 1~ 7') LOSP lifetime
17
/ l Must measure: susy spectrum

susy mixing angles, etc

CP violating phases
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ravitino ‘DM from ‘Freeze-In.
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J HC Reconstruction o]f Gravitino DM
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Conclusions

There are 2 thermal production mechanisms with

(m;)

Initial state: particles with thermal distributions

Production IR dominated at /' ~ v

Measurements at LHC may allow a prediction of {2 h?
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Cl-ﬁgﬁer Dimensional O}gemtmfs
and UV Sensiﬁvig
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Decays typically dominate only if T < 20 TeV
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Cl-[igﬁer Dimensional O]gemwrs
and UV Sensiﬁvig

d=5

Decays typically dominate only if T < 20 TeV

Consider a universal small portal coupling )\

ANOy A i Os
4 2\
IR domination by O, if |Tp < —*
m
9
cg M, ~ 107 GeV =t Ip < 101° GeV

m ~ v ~ 200GeV
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