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Outline

< SUSY and How it could help
< Searching for New Particles in Collider Experiments
< Recreating the conditions at the Early Universe at Tevatron

< Searches for cold dark matter
< Searches for warm dark matter

< Summary and outlook
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Dark matter

in cosmology and astronomy
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How does SUSY help?

Partiile\ 0‘

g N . ? Jd o [
¢ Cancellation of quadratic divergences to the Higgs mass D ad SUSY is a
¢ Unification of gauge Interactions o broken
¢ Prediction of light Higgs boson ' s',yr.nmetry‘
< Predictions of SUSY gau'ge theory 'in'a.greement with SM Supe;;:rytri?r;ftic \. R - .-.

R
. " & 2 ‘ L e s - -

< To protect the proton lifetime, R-parity must be conserved i’
—> Sparticles are pair-produced - ' \ :

=> Lightest SUSY particle (LSP) is stable
‘ Stabilization of the

& LSP mass theoretically constrained to < 1 TeV TRl SC A

< Most precise constraint on SUSY provided by WMAP: (if) Thermal equilibrium

Qcpy=1.099£0.0062 , in the Early Universe
" - ’
3/4/2010 o A.Canepa 4 =




WIMP

Possible SUSY DM Candidates ()

< LSP is neutral and weakly interacting

< If electrically or colored charged, it would bind to conventional matter =
anomalous heavy nuclei (unseen)
~ .. — .

__ -

Impose a natural relation: 1 <> Order of 100 GeV
o= ka?/m? so Op~m” . Y degenerate to LSP

. p -

LV O ~.F (2) Universe cools:

(1) Initially, neutralinos are
in thermal equilibrium:

vy > ff

.__\I
.,

Lightest Neutralino
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(3) ys “freeze out” '
N ~ const

100
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Super-WIMP

Possible SUSY DM Candidates (ll)

< LSP does not need to interact weakly (the relic density prefers that!)
% Only gravitational interactions are required

. . o't . . '
- > .

¢ @ravity included in SUSY ¥
< @ravitino (s=3/2) mass in [ev-TeV] range
< @Gravitino can be LSP

< NLSP in thermal freeze out, decaying later into gravitino .
< @Gravitino not in thermal equilibrium in Early Universe , : i .
: Pu, : P

; " " % NSLP, either neutral or charged ks

. \. o5 : B Lightest neutralino '
-. : g :._. & Light stau
. ¥ .9, s R & Lightstop

| " , . “ Sneutrino " .
»
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SUSY Models

Several are the scenarios of how the Universe might have evolved

” 4 B . . . >

Model DM Candidate Signature

Lightest neutralino

Minimal Solution mSUGRA Cold DM

Non-minimal Long lived sparticles (decaying

solution to neutralino)

Non-minimal Gravitino: long lived neutralino
. Warm DM " S o
solution decaying to gravitino
e » - » : P ‘ ’ : a . ‘. > ' ) i . N

Mass hierarchy and lifetimes dictate the search strategy

- -
. . : "
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< Two multi-purpouse detectors, CDF and

DO

o

Central tracker for pT measurement of
charged particles

Calorimeters for E measurement of charged

and neutral particles
Muon chambers

~ .

Tevatron collides proton-antiproton beams

at 1.96 TeV

Allows us to look back

at the conditions of the Early Universe about 1-10 ps

after the Big Bang!
AV .

Luminosity (pb'1)
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Cold Dark Matter scenarios

» » e
mass proportional  mass proportional
to m, i tom,,

Running Mass (GeV)

LOg 1 UQ |:Ge\u'i:]

1. Unified gaugino mass m, ,
2. Unified scalar mass m,
3.

4. Trilinear coupling A,

The third generation
can be light as

5. Higgs mass term sgn(p) ‘
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Squark and Gluino (I)

2 jets + MET, 3 jets + MET 4jets + MET %

«1

Multiple final states + Unified Analysis best coverage T

T all TS —

CDF Run Il Preliminary

-

[ ] whole dataset
[ after cleanup cuts \ Y : ‘ \

after final cuts

) QCD cross sections are up to 10 orders of
magnitude larger than SUSY cross sections
y ¢ Contamination due to mis-measured MET ~ 4
‘ ey . .
70 80 <102 x10% 2 2 ’
3/4/2010 . A.Canepa 10 =»

LY



Background Estimation

B * Fit to low MET in

tt, diboson

data

MC tuned to
Tevatron data.

Normalization to

data in low MET

Exclusive n-parton

samples normalized

to measured xs

MC normalized to

Selection

A@ jet-MET

Electron/muon
veto; isolated
track, fraction of

jet EM energy

Electron/muon
veto

Preselection Cut

m nal \m

Er
Vertex z pos.|
Acoplanarity

= 40
< 60 em
< 165°

Selection Cut

“3-jets” “gluino”

Trigger
jety pr”
jety pr°
jets pr®
T - - 'l)
Jety pr

multijet
= 35 =~ 35

: > 35

> 35

> 20

Electron veto
Muon veto

yes
yes

Ao(Hr, jet1)
Ad(Er,jets)

Admin (BT, any jet)

= 00°
> 50°

Hr
Br

T IIIIIIII

T IIIIIIII

Events / 20 GeV

T |l\|ll||

(a)

Dg, L=2.1 fb™
- Data
(= SM Background

CJFitted QCD

multijet

NLO or NNLO xs i BN
L 50 100 1 50 200 250 300 350 400 450 500

E; (GeV)

o [TTTT]




Squark and gluino (llI)

»

T T T

UA1
[uAz]
[Do 14

CDF 1B

solution

W
o
_S

no mSUGRARY

Last step consists
of invoking the
SUSY breaking

mechanism

N

DY, L=2.1 fb"
tanp=3, A0=0, u<0

LEP

100 200 300 400 500

2 Jets + tau + MET
Neural net tau ID

————— L, —
> = E
; - © [ (a) D@, 0.96 fb™
q - © - * Data
.- a8 iIisusy
= il = o CW(- Iv)+jets
- X3 . X1 7)) F E2Z(— vv)+jets
qr. -l. < E i
_ i._ - = T 5 cOww,wz,zz
! G W Z(-> I'T)+jets
[ single-top
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Gluino Mass (GeV)

L

600 N
»

— Stau i lightest slepton
M(7)<M(y7). M(7)

- M(squark)<M(glumo)
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Cross Section (pb)

R
N W b

]ll|l

THET

DO, L=2.1 fb™
tanp=3, A =0, u<0
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B\ T
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http://scitation.aip.org/getabs/servlet/GetabsServlet?prog=normal&id=PRLTAO000102000012121801000001&idtype=cvips&gifs=yes
http://www-d0.fnal.gov/Run2Physics/WWW/results/final/NP/N07H/N07H_PLB.pdf
http://www-d0.fnal.gov/Run2Physics/WWW/results/final/NP/N07H/N07H_PLB.pdf
http://www-d0.fnal.gov/Run2Physics/WWW/results/final/NP/N07H/N07H_PLB.pdf
http://www-d0.fnal.gov/Run2Physics/WWW/results/final/NP/N07H/N07H_PLB.pdf
http://www-d0.fnal.gov/Run2Physics/WWW/results/final/NP/N07H/N07H_PLB.pdf
http://www-d0.fnal.gov/Run2Physics/WWW/results/final/NP/N07H/N07H_PLB.pdf

Direct Sbottom production

~ ~ BR=100%

< Direct production pp — b1by — (by %) (by?)
< 2 Jets + MET signature
< Search optimized depending on the Am=m(sbottom)-m(y)

Displaced tracks

Decay lifetime -
Ly ,,‘(%oondnry vertex

<
=

CDF Run II Preliminary

+D-\TAL—"be'

=
=

/ e'{:*
M( 1__;5 L " =70 GeVic?

=)
=

Neutralino Mass [GeV/c*

QCD: normalization to data
in the sample before b
tagging is applied

100 150 200 250 300 350

Eqf jet:) [GeV]
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CDF Run 11 (295 pb™) §

100

Expected
Observed

---- Expected
— Observed

150

Gluino mass

independent

€ [0 — 100 GeV]
£ [80 — 280 GeV]
e [1072 — 102 pb]

200

Sbottom Mass
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http://scitation.aip.org/getabs/servlet/GetabsServlet?prog=normal&id=PRLTAO000102000012121801000001&idtype=cvips&gifs=yes

E*}

Direct Sbottom production P

N

~ ~ BR=100%

¢ Direct production et (VI X(F e "~ Gluino mass
& 2 b-Jets + MET signature . independent
< Search optimized depending on the Am=m(sbottom)-m(y) Lo
il @ i | ’ s 4
Decaynleth’:y\e’ .Tl%mmwwmx ; . 5 ,
—— " DO Run II Prellmmary 4 fb ) — Observed
w 10 ; - Expected
Prompt racks CDF Run II Preliminary Tn’
__________ +D-\TAL—"be' g
.............. o
£
.......... e 5
M) =70 Gevic 5
......... 3
z !
QCD: normalization to data e s
in the sample before b
tagging is applied ' K
| T T N 100 150 200 250 [
50 100 150 E.T(:jeth':_)mi:GeV] 250 300 350 Sbottom Mass (GeV)
B
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http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/NP/N68/N68.pdf
http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/NP/N68/N68.pdf
http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/NP/N68/N68.pdf
http://www-d0.fnal.gov/Run2Physics/WWW/results/final/NP/N07H/N07H_PLB.pdf
http://scitation.aip.org/getabs/servlet/GetabsServlet?prog=normal&id=PRLTAO000102000012121801000001&idtype=cvips&gifs=yes

M(g) = | htob .. . .
et at om0 b Search optimized depending on Am=m(sbottom)-m(gluino)

-
.

M(g) = larger than M(b) 2 b-Jets + MET signature

—

@ Process strongly dependent on the

g cross section production E = S5 = 0 L A
. . g) = 335, M(b) = 260, = 60 = Large Am
® Testin the SUSY region M(g) = 335. M(B) = 315, M({) = 60 = Small Am

me, Mg+ > m5 = m{o
s i oo oion |

i,
i,

CDF Run Il Preliminary JL a=251" CDF Run Il Preliminary JL dt=251"
- 8r
_.u‘_:,: 1000 - é One exclusive b-tag g F One exclusive b-tag — ;
g o 7F “ 350 CDFRunll(25f7") /.
L - A E” £ Optimization M(g)=335, M(b)=260 3 [ . o g — bb (100% BR)
Z 800 Signal M(§)=335, M(B)=260 O 6E Signal M(§)=335, M(B)=250 m - 95% CL limit #7) b - b7’ (100% BR)
ga:kgfc::nd Error ,_53 . Signal M(g)=320, M(b)=250 0] 300 T Expected limit f y
600 r 5 EWK BOSONS = 5 - Signal M(g)=335, M(b)=280 -;- [
TOP = f - :
L 3 Mistags g 4 8 - P m) = 60 Gevidt
[ [ Inclusive Multijets o F s s B 5 (& = 500 GeVic?
400 P sk Ly 250 P o
_ : s €[
L 2 :_ o g B
200 r » -
i E N w D@ Run Il 310 pb*
0 = 0-....|....|....|....|V...|.... Sbottom Pair Production
-1.5 -1 -0.5 0 0.5 1 15 -1.5 -1 -0.5 0 0.5 1 15 150 Excluded Region
NN Output NN Output C
. 5 CDF Run | excluded
@ 1st- Neural Network to remove the QCD background 100 P e e L e
g 200 250 300 350 400

@ 2nd- Neural Network to remove the tt background Gluino Mass [GeV/c?]
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http://www.slac.stanford.edu/spires/find/hep/www?eprint=arXiv:0903.2618

Stop production ()

DY Preliminary Result

—— eu+ee Obs (1.1 fb™)

s - -~ eu+ee Exp (1.1 fb™) \
\ —— eu Obs (3.1 fb™) \

Y
o
o

Topology: Am=m(stop)-m(sneutrino)
Final state:

— CDF (1 fb™"): I'1+N,, >1+MET (/=ee, py, ep)

— DO (3.1 fb): e*u+(jets)+MET

missing E_ |

D2 Run Il Preliminary, 3.1 fb"

%
NIV X TLT ATV TR VL TR VLT AT VARV Y AR YA

60 80 100 120 140 160 180 200
Stop mass (GeV)

events/2 GeV

Results at large Am=m(stop)-m(sneutrino)
— DO (3.1 fb"'): m(stop)>200 GeV

QCD estimated using - CDF(1 fb-1): m(stop)>180 GeV
“same sign” leptons Ml -

. \
- s M[110,80]
10% 10 20 30

40 50 60
missing ET [GeV]

w M[150,50]

3/4/2010

A.Canepa


http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/NP/N67/N67.pdf
http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/NP/N67/N67.pdf
http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/NP/N67/N67.pdf
http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/NP/N67/N67.pdf

Stop production (lI)

2-D Network Output for test  Bottom

=g il L

e New tagging technique
to

R T

Separator (CHAOS) =

NN with 2D output to
distinguish the flavor

SNNS Output 1 (anti-bottom)

SNNS Out

of the tagged jet
L B

s  2c-Jets+ Mﬂ signétur.e

00102 0.3 04 05 06 0.7 08 0.9 1
SNNS Output 0 (anti-light)

b-jets :

0 0.10.2 0304 050607 0809 1
SNNS Output 0 (anti-light)

c-jets

Sum of network outputs CDF Run Il Preliminary J'— d=2.6 b CDF Run Il Preliminary J'— =26

=— Observed Limit (95% CL)
Expected Limit (+1o)

+ CDF Data
[ HF Multijets
[ Light-flavor jets
[ Top-quark
[ Electroweak bosons

— Charm

-
N
o

Bottom

Light+Taus

S:B increased by a facto
after CHAOS’ cut

sy
o
o

Fraction of objects [%)]
SN

Events/12 GeV
Neutralino Mass [GeV/c?]

LEP 6 = 56°

LEPB8=0°
o PRI B PR | ]

”1.8I 2 50 100 150 200 250 300 60 80 100 120 140 160 180

R

RN ARV
14 16

of

Sum of outputs
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Stop Mass [GeV/c?]
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http://www-d0.fnal.gov/Run2Physics/WWW/results/final/NP/N08B/N08B_PLB.pdf
http://www-d0.fnal.gov/Run2Physics/WWW/results/final/NP/N08B/N08B_PLB.pdf
http://www-d0.fnal.gov/Run2Physics/WWW/results/final/NP/N08B/N08B_PLB.pdf

Stop mimicking the SM top )

Variety of Signatures similar to those of SM top
t1 — bX — % decay . Potentially be hiding in Tevatron data

channels

. : Affectmg the kinematics of the top events
Reconstruct the stop mass | ®e :

. '
Kinematical fit 2 |eptons 2 b-Jets " MET S|gnatu3'e S8 ;

» . ’ .
B-Tagged Channel

25— M=1325 GeVic*  COF Runl Preliminary (27 ") [Jf data 2.7

M_.=105.8 GeVi/c?
MX.,= 47.6 GeVIc? . Stop (DIL BR = 0.11)
| ‘

CDF Run |l Preliminary (2.7 fb“}
m(y,)=105.8 GeV/c’

BR(T1—>zjb)=1

. Top (M=172.5 GeVic)

BR2({" - v)=0.50
Z + Heavy Flavor 1 !

~N
L
>
v
o
)
o
2
T
o
>
w
(G

™~
L
=
]
O]

Z + Light Flavor

0
m(x,

BRA(F, 1,)=0.25

BRA(Y, -7 V1)=0.11

150
m(t,) GeV/c?

Reconstructe Stop Mass (GeV/c?)
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http://arxiv.org/abs/0912.1308
http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/NP/N67/N67.pdf
http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/NP/N67/N67.pdf
http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/NP/N67/N67.pdf

Chargino and Neutralino (l)

EWK production

Cons i

1%
, X3
Low mass,
Pros!

Channel
“Tight” and

“loose” leptons
(electron and
muons)

“Tight”
leptons
(electrons and
muons) and

ID-ed taus

o,

Kinematics

Branching Ratio of i:;] into 3 Leptons

1*t lepton:
E;=15-20 GeV
2nd 3rd Jepton:
E;=5-10 GeV

%]
B
=3

mSUGRA tan(B)=3, A=0, >0

m,, (GeVic))
N [~
» =3
=] =2

N
=
=

1%t lepton:
E;=12-20 GeV
2nd 3rd Jepton:
E;=4-16 GeV

20 40 60 80

120 140
m, (GeV/c’)

Minimal selection applied to suppress the SM

——Data . . .
_ Invariant mass, —= background but retaining most of the SUSY signal
55 N Jets cut a pphed I oioson CDF II Preliminary, 3.2 b~ i
E E -:ake L—ee Z—pp Z—rr WW WZ 77 tt Fakes | Total Background | Signal Point | Observed
o af Ry e R = 010 000 000 002 038 008 002 016 | 0831018 364205 | 1
E s ttC 0.00 0.06 0.00 000 021 007 000 004 0.39 + 0.08 262 £0.39 0
& th 0.00 0.00 0.08 000 010 003 001 003 0.25 +£ 0.08 1.12 + 0.19 0
2 Trilepton 0.19 0.06 008 002 069 018 0.03 023 147 +£021 7.38 £ 0.68 1
15 ttT 1.33 0.27 110 053 024 011 029 198 585 £1.25 7.15 £ 0.96 4
tIT 0.83 0.60 052 040 0.07 007 014 091 3.53 £0.72 4.06 £ 0.57 2
R i ittt W Dilepton + Track | 206 087 162 093 031 018 043 280 | 938 E14 |21 L1126

Missing E; (GeV)

mSuera Sienal point: My = 60. M o = 190. tand =3. A5 =0




CDF Run Il Preliminary, 3.2 fb™'

1.2

LEP 2 diract

limit

o+ BR{%,%,~ 31) (pb)
(=]
-m -

o
'S

Theory 6, , BN

[ Expected Limitt1g

[ Expected Limitt+ 2o
95% CL Upper Limit: expected
Observed Limit

mSugra Mﬂ=60, tan =3, Aa=0, =0

CDF @ 2 fb!

| \\\...I..V.I. |

110

CDF: my*; <164 (1

120 130 140 150 160 170
Chargino Mass (GeV/c?)

- D@, 2.3 fb’

—mSUGRA

tanB=3,A =0
Y
§

2

]ITIIIIII

55 Exp.) GeV/c?

| LENLIE '
Search for I %, A
Bl DJ observed limit |
I DG expected limit
— CDF observed
limit (2.0 fb')
&

N

,u>0

LEP Chargino Limit

1 1 1

1 1 1 1 l 1 1 1 1 l 1
150 200 250
m, (GeV)

o(x;,) < BR(3I) (pb)

e
W

o
%)

T | T T T T I T T T T

T T T T[T T T [T T T T IRERRN RN RN R RN R

M(X,)= 130 GeV; M(z,) - M) =

— Observed Limit
--- Expected Limit

MSUGRA

s s L e Lo L L L Ly

R I A P ER B L
tan

(with 2.3 fb't), D@ : my*, < 155 (160 Exp.) GeV/c?
CDF Run Il Preliminary, 3.2 o

260

mSugra tan =3, A =0, (u) > 0
~0 ~t
M) = mx,)
m(8g). m{ug) > m(%)

[l observed Limit
=== Expected Limit

L LEP direct limit

%H|||||m|m|m

100 120

2 140 160 180
m, (GeVic’)

c

-
-9
(=]

+

g
M(%,) (GeV!



http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/NP/N67/N67.pdf
http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/NP/N67/N67.pdf
http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/NP/N67/N67.pdf
http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/NP/N67/N67.pdf
http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/NP/N67/N67.pdf
http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/NP/N67/N67.pdf
http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/NP/N67/N67.pdf
http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/NP/N67/N67.pdf
http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/NP/N67/N67.pdf
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Events / 2GeV
-
s
1 HL&:_H:E}\
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CDF run Il Preliminary 2.68fb”
Missing E;

L=2.7 fb!

140

—— Signal x10
— Data

== Bkgdtio

[ ]Z—ee

B Z-

[ WHet

I ttbar

0 WW+WZ+ZZ

160 180

200

ME, (GeV)

Signature of 2 leptons + MET
(2 leptons in the Z invariant mass window)
If MET > 40 GeV: data 7 events,

Exp. Background 6.41 + 0.95

. ’\ R :
: -

CDF run |l Preliminary 2.68fb”

M,=1000, A,=0, tan(3)=10, ;1<0

oyl Prospino NLO
—— Ogg, Data Limit
Ogg9, EXpected Limit
[ 04, Expected Limit 1o
., Expected Limit +2¢

1,° mass (GeV)
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WARM Dark

Matter scenarios

A SUSY breaking scale
Messanger mass scale (A /2)
N number of messanger (1)

EeRRCOINE

C¢ gravitino mass factor (free)

6. Higgs mass term sgn(u) (>0)

3/4/2010 .

LI % 3

’

Scenario considered:
& LSP is the “gravitino

< NLSP is neutralino (lifetime — order ns)
|

. . 0\ :

g _CDF Calorimeter

A.Canepa

Long life time — delayed photons

| Short life time — Prompt Photons

Run I eeyyEr (1070 expected, 1 observed



Cosmological constraints
favor a gravitino

Long lived neutralino (I) W

and lifetime ~ nanoseconds
- ' "

Long lived = y + Jet + MET Signature
< Discriminating variable: arrival time at EMTlmlng system , JetE: - 35GeV
Ad: 1.0 rad )

. . p . . e & -~
- . - . . t 2.0ns

« Photon ET: 30 GeV

B 40 GeV

New EM Timing Primary Collision

Beam-Halo
r""-\\,

—e— 7 + E_ + Jetdata
-_— AII
Collisions
Beam Halo

N Cosmics
GMSB Signal MC

M |||'  i "h“’ﬂr '”| .

Events/ns

25-20-15-10 -5 O 5 :I.D -25 20 :|_'-'| -10 5 D 5 10-25- ID I5-10-5 0 5 10
cf -
oo rrln . c:lrr Corr nhl

"| Beam-Halo path

‘Illll proton direction

2 observed, 1.3 + 0.7 expected
0.71 Standard Model,
0.46 Cosmics, 0.07 Beam Halo

iy - ol P

< Collision background: SM processes (estimated from timing of W—ev events)
< Non Collision background: Beam halo, cosmics (distinguished using the E deposit in a

“non collision” events and the arrival time)

. - .
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Long lived neutralino (1)

*-g+ET+1 jet analysis with EMTiming

’
Predicted exclusion region at 570 pb™’
. Observed exclusion region
Predicted exclusion region at 2 fb™'
mrrmm— Predicted exclusion region at 10 fb™
— ALEPH exclu_sion limit
" g Region with G mass at 1.0-1.5 keV/c?
"
~0 =
o GEJ GMSB 7. —~1G
. — M, =2A, tan(p)=15
il
Q@ N,=1, 1>0
- —_
-
E =,
.
S ' .
.
. R4
. . K
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http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/NP/N67/N67.pdf
http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/NP/N67/N67.pdf

< Background suppression
QCD with fake &
EWK with real §;

¢ Large MET (DO), MET-Sig (CDF) for fake > 10 EVi with rex
MET g GMSB signal
~N 74 mass= eV, lifetime=0 ns
¢ Angular distribution to suppress wrong = R 140,“'“ ’ )
vertex and SM processes 2 ...________!Z_o_g__r_itlng experl
o e
¢ Technique i 10°

< EM Pointing (DO)
& EM T|m|ng (CDF), MET Model (CDF)

> ® D@ 1.1 fb" — NLO cross-section
() data
O] Y —— observed limit
® W/Z+yy expected limit
S
e electron mis-ID P expected limit+ 16
. n jet mis-ID expected limit + 2 ¢
I<EPTY SM + signal A=75 TeV
°>’ . s SM + signal A=90 TeV
L
) 4 ... Likelihood fit (LLR)

SE B85 60 65 100105110
m(x)>1ZSGeV for prompt decay A (Tev)

60 80 100 120 140 160 180 200
VY + MET Missing E_ (GeV)
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http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/NP/N67/N67.pdf
http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/NP/N67/N67.pdf
http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/NP/N67/N67.pdf

Short lived neutralino (ll)

<& CDF: projections are calculated assuming linear scaling of background with

luminosity (uncertainty fractions remain constant)

CDF Run Il Preliminary

Observed exclusion region with W-l-ET and 2.6 fb”'

’ - Expected exclusion region with W"'FT and 10 fb™
Observed exclusion region with w(-l-ﬁT-i-Jet and 570 pb”'
Expected exclusion region with y+§ +Jet and 2 fb”
Expected exclusion region with y-l-ET-l-Jet and 10 fb"

ALEPH exclusion limit
Cosmology favored region with 0.5 < M_ < 1.5 keV/c?
G

’Y ’y + MET v, GMSB 771G
o M,=2A, tan(B)=15
’ £ Np=1, p>0

: > x)>149 GeV for T << 1 ns

. o.""‘ .

o
-
» . ¢
90 100 0110 120 130 140 150 160 170
X, mass (GeVic?)
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http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/NP/N67/N67.pdf
http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/NP/N67/N67.pdf
http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/NP/N67/N67.pdf

Long lived

< Long lived particles predicted in a variety of DM models
&

Long life time <= Weak couplings, Kinematical constraints, New symmetries

< Dedicated searches have sensitivity up to ~ 10 ns

Events / 10 GeV

(pb)

Cross section

-

-
o

-

]

CDF Run Il Preliminary (1.0 fb™)

l:| Central p, p.> 40 GeV

—— Background Prediction
—— 220 GeV/c? Stop

[—
r\eféolutio

1
m= p,|—
2

50 100 150 200 250
Mass from track momentum and BTOF (GeVic?)

CDF Run Il Preliminar

—— Stop Production cross section (NLO)

4 Cross section limit from central p

120 140 160 180 200 220 240 260

Stop Mass (GeV/c?)
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Charged Higsinu Mss [GeV

DZ 1.1 fb™
® Observed Cross Section Limit
Expected Cross Section Limit
— = NLO Cross Section Prediction
NLO Cross Section Uncertainty

Cross section [pb]

1>2\rls

100 150 200

Mass [GeV]

Cross Section Limit (pb)

ss section [pb]

Charged Gaugino Mass [GeV]

DZ 1.1 fb™
® Observed Cross Section Limit
Expected Cross Section Limit
— = NLO Cross Section Prediction
NLO Cross Section Uncertainty

10\ (b)

",
e
Ny

measure velc:;city using muon scintillator timing
esdlution

100 150 200

Mass [GeV]
D@, L=410 pb™
<100 hours

18 hours

<3 hours

1 ) ‘~~' i'.
107950 200 250 300 350 400 450 500 550 600
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Summary

< Very rich programme for Dark Matter at the Tevatron (up to 5/fb)
< Searches for neutralino, sneutrino, gravitino
& Unfortunately no signs of SUSY DM yet
< World’s best mass limits on gauginos and sfermions

< More data will be cumulated in the next years!
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- Lightest chargino and neutralino nearly degenerate

Y M n*;’.":i (the LSP) kinematically forbidden

Gauge-mediated SUSY breaking

(see Giudice and Rattazzi, Phys. Rept. 322, 419 (1999))
- Coupling of NLSP (typically the stau) to
gravitino LSP can be very small

Yorking Group Rep.,

» Lifetime « (SUSY breaking scale)*
* SUSY breaking scale is unconstrained

Spllt'SUSY " “ ’ ° _L = 250 eV

(N. Arkani-Hamed, 5. Dimopoulos, JHEP 0506, 073 (2005)
- Gluino decay mediated by very high mass squarks

Formilab Pub 0O/251

GMSE W

Extra dimensions

(Many authors, e.g., Barbieri, Hall, Nomura, Phys. Rev D63, 105007 (2001))
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