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WHY THE (SUB-)WEAK
SCALE IS COMPELLING

* Abundance of new stable states set by
interaction rates

. 4 Freeze-out

Measured by WMAP + LSS
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IDEA FOCuUus:
SUPERSYMMETRY

Provides sharp predictions
Must be neutral ¥ B, Ws, H
Sneutrino scatters through Z

Neutralino does not because operator
vanishes identically for Majorana
fermion Xx7*xN~v.N



SUB-WEAKLY INTERACTING
MASSIVE PARTICLES

Scattering through the Z boson: ruled out
10 39 2

I I 1 1 I 1 1
\ \ XENONIOO (2012)
—— observed limit (90% CL)
Expected 1 mit of this run
= 1 o expected

| llllllll| llllllll| 111

10°* -
< e yASaey :;,/ =

4 N Ot BEDERT WEISK (I011/19) et
10 N \ \ EDELWEISS (%0—1 lilg) _. :-_;’.‘_.,- (2()\\ —

IMP-Nucleon Cross Section [cm?]

\\

W IIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| TT

10'45
Lo | 1 1 IR S R

6 78910 20 30 40 50 100 200 300 400
WIMP Mass [GeV/c?]

O_ll| ] lllllll| Yl

—
=
o

Next important benchmark: Jodiode
g, Y cm
Scattering through the Higgs



ARE THERE WAYS AROUND
FOR THE NEUTRALINO?

e Make the Neutralino a ki G hd

\/

X \/
pure state - coupling 5 ., . .55 5.4 i
to Higgs vanishes

e However, Wino and X Large!
Higgsino pure states
can be probed by y
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ARE THERE WAYS AROUND
FOR THE NEUTRALINO?

‘ Make the NeUtralinO a 102 | Upperlimits,JointLikelihood0f10dSphs
pure state -- coupling I b bemama e i crame
to Higgs vanishes '

WIMP cross se
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e However, Wino and

Higgsino pure states
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can be probed by
indirect detection



ARE THERE WAYS AROUND
FOR THE NEUTRALINO?
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ARE THERE WAYS AROUND
FOR THE NEUTRALINO?

. Upper limits, Joint Likelihood of 10 dSphs
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ARE THERE WAYS AROUND
FOR THE NEUTRALINO?

m, condition
M1 Ml—f—,USiHQB:O

e Tune away the coupling ¥ |, + pein
M2 M1 T M2

to the Higgs

Cheung, Hall, Pinner, Ruderman

 Smaller cross-sections | Sicososcionorbi
correspond to more
tuning in the neutralino %
components Fe
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WHEN SHOULD WE START
LOOKING ELSEWHERE?

e (Cannot kill neutralino DM, but
paradigm does become increasingly
tuned

e Somewhat below Higgs pole --
Neutrino background?

e Well-motivated candidates that are
much less costly to probe

e Light WIMPs



CURRENT SENSITIVITY
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LIGHT WIMPS: ASYMMETRIC
DARK MATTER

e Standard picture: freeze-out of
annihilation; baryon and DM
number unrelated

e Accidental, or dynamically
related?

Experimentally, Qpas = 5

Mechanism NpM = Mg

» Mmpy R Sy,



LIGHT WIMPS: HIDDEN
SUPERSYMMETRIC DM

HlSY
Breaking

A

<Visible> ...............

Electroweak scale Smaller than electroweak scale

-

weak

Hooper, KZ 08
Feng, Kumar "08
Arkani-Hamed, Finkbeiner, Slatyer, Weiner "08



LIGHT WIMPsS: GOOD AND
BAD FOR DIRECT DETECTION

e (Good: definite mass
predictions
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e Bad: prediction for scattering |

cross-section in direct

; “g 107
detection model dependent =
100}
* For very light DM, scattering |
Off eleCtrOnS iS mOSt 0.0-01 7 0610 | O1IOO = 1.000
: my [GeV]
1mportant process Lin, Yo, KZ 1111.0293

Ge line from Essig, Mardon, Volansky



ALL COMPLICATED BY
UNCERTAINTIES ...

e ... of the experimental

kind (how do you calibrate energy?)

o ... of the theoretical

klnd (how certain are we of the
underlying theory?)

Oy = A"N(p) (Fu(@)(p+ P)u + (F1(q) + F2(0)2iZ,q") N(p')

O, = X7 x4,
@ — )ZJWXFW/A

2 2
125N 2 2<mN‘|‘mx) ) 2 9 2
. = A roAE i F,+ F — |,
A 47 (q? + M?2)? (( Faad mym2 (B B e

4#?\192 ) ) 1 2 2 5 9 2
== 4 s F F + E ———
o TA%(q% + M?2)? e i = MNTy TR m

2[\.’)

Fitzpatrick, KZ 1007.5325

R g D
mpm (G@V)



THOUGHTS/STUDIES FOR
SNOWMASS

Combining with LHC data, how many
supersymmetric models remain?

What is the cost/benefit for lower
WIMP cross-sections?

What are the prospects for light WIMP
detectors?

Building light WIMP benchmarks?



