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Dark Matter

Lots of evidence for non-baryonic matter:

Angular scale
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Dark Matter

Lots of evidence for non-baryonic matter:

Angular scale
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Dark Matter

Near us: ppay ~ 0.3 GeVecm™  Maxwell-Boltzmann
velocity distribution

—  NEW f(?)) XX d3U 6_(U/v0)2

Einasto vo = 220 km g1

< Vese < 608

Escape velocity in galactic frame 498 km/s

1
f(’U) o (7_‘_2}8)3/2
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Dark Matter

Near us: ppay ~ 0.3 GeVecm™  Maxwell-Boltzmann
velocity distribution

—  NEW f(?)) XX d3U 6_(U/v0)2

Einasto vo = 220 km g1

| ]
0 5 + 10 15 20 V0 Vesc
You are herrf:[kp cl 4

Escape velocity in galactic frame 498 km/s < v, < 608
| R
f(’U) — (7”}8)3/2
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Searching for dark matter

(here, there and everywhere)
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Indirect detection Direct detection Collider searches

Look up Look down Look small
Anti-matter Low rate, low Missing energy
excesses in energy recoil events at
cosmic rays, events in colliders

photons from underground

centre of galaxy labs
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Searching for dark matter

(here, there and everywhere)

> ~ AN

b K/x'x\ \q X/

Indirect detection Direct detection Collider searches

Look up Look down Look small
Anti-matter Low rate, low Missing energy
excesses in energy recoil events at
cosmic rays, events in colliders

photons from underground
centre of galaxy labs

T~ Thermal relic! Predicts x-sec ~| pb
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Direct Detection

SM
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How to distinguish this small number of low energy
events from backgrounds!?
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Direct Detection
One Way:

*Remove cosmic backgrounds by going underground
*Shield experiment from radioactive elements

*Cool equipment

* Take multiple measurements to distinguish background
from nuclear recoils e.g. ionization, scintillation, phonons

- Bulk electro;l recoils 0 4-_
+ Surface electron recoils T
O Nuclear recoils B
1F recoil energy 10-100 keV [ 0.2
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[CDMS collaboration] [XENONIO0 collaboration]
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Existing DD bounds

\Q'Q/
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CRESST, ......

[Kopp, Schwetz and Zupan]
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Direct detection vs Collider production

|
i Direct detection ¢ ~ 100 MeV

How does one search impact the other?

[Birkedal, Matchev and Perelstein]
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Mediator Mass dependence

Only consider mediators with mass 2 100 MeV

MmN 1N

MN + My

~_— . =

kS

2 2 P
s 9y 9q e M 2 100 GeV

i X . (0. gig2 kM $100 GeV
N S ) Mono-jet + Fr oy~

CDF analysed 1 fb~'and saw no significant deviation

[http ://waww-cdf . fnal . gov/physics/exotic/r2a/20070322 .monojet/public/ykk. html]
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Only consider mediators with mass 2

gq M4

Mediator Mass dependence

100 MeV
__yInN
o MN + My

as g2 g2 é M <100 GeV
s 9% 95 i Pro g > 100 GeV

CDF analysed 1 fb~'and saw no significant deviation

[http ://waww-cdf . fnal . gov/physics/exotic/r2a/20070322 .monojet/public/ykk. html]
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*Non-standard DM introduced to explain DAMA
*Velocity, momentum or spin suppression
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Outline

*Motivation and estimation
*Operator analysis

*Heavy mediators
*Collider bounds

*Light mediators

oL EP

eConclusions
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Operators

L9x 9q - \ (=
O, = " —X]\ZQ (qq) (Xx) , Sl, scalar exchange
19x 9a_ - _
Oy = " —X]\Z? (qv.9) (X7*x) , S, vector exchange
_ '9xY9q - _ SD, axial-vector
O3 = (@Vuv59) (XY 15x) 5 2%
C]? - M2 exchange
t9x 9 _ _
Oy = 7 _X]\}Q (@7v59) (X75x) »  SD and mom.
dep., psuedo-

scalar exchange

*DM a Dirac fermion
*Consider each operator, and each flavour separately
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CDF mono-jet search

[http ://www-cdf . fnal . gov/physics/exotic/r2a/20070322 .monojet/public/ykk. html]

* | /fb analysed

Thursday, January 27, 2011

Leading Jet E;, GeV

Background |[Number of Events
Fr > 80 GeV Z > nu nu 3203 +/- 137
DT (]1) > 80GeV W -> tau nu 2010 +/- 69
. W ->mu nu 1570 +/- 54
pr(j2) < 30 GeV W > ¢ nu 824 +/- 28
pT(jg) < 20GeV Z->11 87 +/- 3
QCD 708 +/- 146
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" .LL i | | Observed: 8449 events
‘ i _
100 150 200 250 300 350



http://www-cdf.fnal.gov/physics/exotic/r2a/20070322.monojet/public/ykk.html%5D
http://www-cdf.fnal.gov/physics/exotic/r2a/20070322.monojet/public/ykk.html%5D

Bounds on operators

M
VvV Ix 91

Simulate events in calcHEP, one operator at a time

Assume a heavy mediator: A =
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Collider bounds on direct detection

*Up quark bounds typically strongest

*Collider bounds relatively strongest when DD
suppressed e.g. SD, MDDM, light, ....

*iDM splitting not important at colliders

* fJevatron not constrained by velocity distribution - low
mass DM

*DM with vector couplings to 2 or 3 gen. quarks

Thursday, January 27, 2011



Spin independent
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Spin independent
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Spin dependent

1Gv g _
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70 AP = Al = 0.842 +0.012,
AP = A7 = —0.427 +£0.013,
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Spin dependent
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IDM, exothermic

*
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IDM, exothermic

*
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IDM, exothermic

Umin — \/

[Graham et al.]
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IDM, exothermic

*
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Light mediators

2
2 2 M | 2 o 1
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Direct detection wins

Two body vs three body production: 2m, < M < s'/?
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Light mediators

2 92 MQ 0 o 1
oDD ~ 9y Yq 7 01 Nasgxngg

Direct detection wins

Two body vs three body production: 2m, < M < s'/?
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Momentum dependent

(NvsN) (X5X)

Ngq
d04

1 q4
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Momentum dependent

\ Y Ngq 4
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Improvements!?

So far only CDF analysis on |/fb
Mono-photon could also be done

m,=10 GeV

IIIIIIIIIIIIIIIIIIIIIII

N . .
e 1 Use shape information
----- M=10 GeV |
-—-= M=100 GeV;
—— Contact Op. |

1000 +

100 ~

Events/10 GeV

10 +

Jet Pr (GeV)

Tevatron reach limited to ~300 GeV
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Improvements?

So far only CDF analysis on |/fb

Mono-photon could also be done

1000 +

Events/10 GeV

100 ~

p—
-
T ————

m,=10 GeV
B wy"u XX
R M=10 GeV |
N -—-= M=100 GeV]
—— Contact Op. |

lllllllllllllllllllllll

Jet Pr (GeV)

Use shape information

Recently CDF + Bai,
Harnik, PJF have
started a “‘real”

analysis on full data

set!

Tevatron reach limited to ~300 GeV
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I m p rove m e nt s [Goodman, |Ibe, Rajaraman, Shepherd, Tait, Yu]

-36
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No longer monojet search

BSM backgrounds?
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Leptophilic dark matter
Mono-photons at LEP

350

N [\ W
- N -]
- ) -]

T I T

[
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T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T

Events / 650 pb™!

[
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DELPHI 650 pb™! M
DELPHI MC
i....1 our MC
DM signal -{-

Cutoff scale A [GeV]

500 XY xey,e 90% C.L.
i % QN i
I N

400 XX €€ %4 5
I <o
| s

300 A€ X ¢

200 \

100

O L ‘ \ ‘ ‘ ‘ \ ‘ ‘ ‘ \ ‘ ‘ ‘ \ ‘ ‘
0 20 40 60 80

WIMP mass m, [GeV]

More model dependent than Tevatron constraints

Consider two “extreme” hypotheses:

DM has equal coupling to all SM fermions
DM has equal coupling to all leptons

100
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Leptophilic dark matter

Equal couplings to all SM fermions

Equal couplings to all SM fermions
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Conclusions

*Mono-jet searches at the Tevatron already place strong
constraints on dark matter
*Competitive with direct detection searches

eLight DM

*Spin dependent

*Non-standard DM e.g. iDM, exoDM, MDDM
*Independent of all astrophysics uncertainties
*Shape information, reduce theory errors,...
*Light mediators weaken collider bounds
*[f we see a DD signal in a region ruled out by colliders
we have discovered 2 particles

Mono-jet + mono-photon analyses important
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ADD analysis

e Optimized Search for LED:
Data Selection:

e Leading Jet Et > 150 GeV
‘ ﬁfntfal Pé‘tom;‘OEé> VSO GeV e Event Missing Et > 120 GeV
o Missing Et > e .
« No jets with Et> 15 GeV e Allow 2nd Jc?t with Et < 60 GeV
« No tracks with Pt > 10 GeV e No 3rd Jet with Et > 20 GeV
o Atleast 3 low Pt COT tracks
e Results:

Background Predictions:

e Background Predictions:

CDF Runll Preliminary, 2.0 fb—1
g’%}.&f}nzl_) y ITE ; :E 55 [l) Gel ;%T :|:>Oi0 Gel Background ||Number of Events
W — u/T —~ 191442 10402 £>nunu 390+ 30
Wry — uy —~ 3314102 17412 W > tau nu 187 +- 14
W~ — ey —~ 8.0 + 3.0 0.8 + 0.7 ld 117 +-9
W~ — 7y —~ 176+ 1.6 2.5+ 0.2 W->em S8 +-4
Ny — 189+ 2.3 2.3+ 0.6 Z->11 6 +/- 1
COSIMICS 36.4+ 25 084 1.3 QCD 23 +/- 20
7y — vy 99.7 £ 9.5 25.24 2.8 Gamma plus Jet 17 +/-5
Total 280.1 &= 15.7  46.7 £ 3.0 Non-Collision 10 +/- 10
Data. 280 40 Total Predicted 808 +/- 62
Data Observed 809
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