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Why
Standard Model (SM)
e The SM describes data from collider

experiments very well
e The only particle missing is Higgs boson

— Directly sensitive to Agry,
(unlike other SM particles)

— Enormous quantum corrections:
2
L

e The predicted high energy behavior
is unphysical at the TeV scale

e Didn’t predict massive neutrinos

e Cosmology data needs more:
Dark Matter Candidate
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Why

Cosmology
e Galaxy Rotation

e Requires massive stable particles

e The theory should

— Describe early Universe physics
— Predict relic density (WMAP data)

Dark matter

Rotation velocity —>

Observed |

Ny

Expected&”w\_
L

g’*m
Astronomers attribute this /Q@
B

difference to dark matter.

Distance from center of galaxy —>
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SUSY
e Higgs boson mass quantum corrections
"S\ STANDARD PART/CLES 9
(a) (b)  J @
Am?2, = L()\ — |\ \2)/\2 + : "
H — gp2\"'5 / uv ' oo |
. Q\Bosog} = |Fermion), J ' .
@|Fermion) = |Boson)
80—
e R-Parity: Pp = (—1)3(B_L)+25 - a;\\\\ P
1 for SM, -1 for superpartners - T
40 Tl
e R-parity is conserved: e T ~—
— The SUSY particles produced in pairs " o e |
— Dark Matter candidate . e
e Supersymmetry is broken N
. 2 4 6 8 10 12 14 16 18
e 32 new particles, 105 new parameters Log,,(Q/1 GeV)
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SUSY

Names Spin | Pp | Gauge Figenstates | Mass Figenstates
Higgs bosons| 0 | +1 Hy Hy Hf H; | B’ H AY H*
up up dp dp (same)
squarks 0 —1| sy spcpcp (same)
tr tp by bp t1 to by by
€1, €p Ve (same)
sleptons 0 |—1 L LR Uy (same)
T TR Vr I T2 Ur
neutralinos | 1/2 |—1 B W f[g ﬁlg 5(,(1) 558 )A{g 552
charginos | 1/2 |—1 W ﬁ[j ﬁd_ )Ag/li )A{Qi
gluino 1/2 -1 q (same)
é?ii?‘éii?) (%g) —1 G (same)
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Where: Tevatron

e pp Collisions

¢ ./s=1.96 TeV
® Locak = 3.7%x10% cm~%s~!

FERMILAB'S ACCELERATOR CHAIN

= MAIN INJECTOR
s

iy Tl X
\ t\HEE?CLEH N
N
0 N0y
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Store Number

e >6 b1 delivered, >5 fb~™1 on tape
e In this talk: up to 4.1 b1 results
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Where: CDF and DO

n=0 n=1.
Central Ca% I\/Iuon Detectors I
< \ Muon‘C‘)hambersH i
) n=3
= Shielding e A—_—;:_‘_‘f.ﬁ -----------------------------
) A g

| | =]

Silicon %j / \ EU u / \E / \ ﬁ
Tracker Tracker —

Tracking Electromagnetic Hadron Mueon
charnber calorimeter  calarimeter charmber

photons
. . . ot
Detectors and identified objects: G
muons
o Trackers: c, . jets =
e Calorimeters: e, u, jets, E;[‘ Fa—
e Muon Detectors: u, soft s from jets =
Innermost Layer.., =——————3p ... Outermost Layer
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Physics
o'5. SUSY and Background Cross-Sections
= track

o Tracking Iso: »  p7 " inn— ¢

) Jets Calorimeter Iso: > EtTOwer inn—ao

1912 | I
| Bottom

13”! T —] Photonjor Lepton

1019}
'1Da_!
10%)

| w/zZ
107}

109 |

.| sUSY
105}

8 | TDE squarks

103|

0| ot Jet with a displaced vertex:

10 |

4i ] tcb_tagn | ccHF_j ot”

5

Data-driven backgrounds are crucial Secondary

e Jets misID as leptons

— Isolation etc.
o Fake i (mismeasured jet, lost )



DIS 2009, Madrid, Spain, 26-30 April 2009 Andrey Loginov Search for SUSY at the Tevatron

Physics

e Stop
Top sample is large and pure, top dileptons are under control

e Sbottom
4 b-quarks in the final state

e RPV v
Single sparticle production is allowed

e Direct production of the Gauginos
Lighter, EWK production cross sections, leptonic final states

e Squarks and Gluinos:
Heavy, but strong production cross-section

e CHAMPs (Charged MAssive Stable Particles)

“slow moving muons”
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Physics: Stop

ot — b)zli e bf(?ﬁu (mg1 < my)
e on-shell charginos

~0 — ~0
— . X1 12 vy X1
. Fd
o tt sample: ULV 42 b — jets A A A
X1 Z, X1 : X1 X1 ‘
= 8 v v L " - =\
Reconstructed Stop Mass, B-Tagged Channel w “\‘\"—' e : \\ X? 2 "\—'X? Mk ‘Ti’—é’
T T T T T T T T T 1. T T T _1I T T T T T T T T .\' ‘\\ \\ \\
E - Mi|=135 GeV I CDF Run i PrellJmnary (2.7 fb™) I - data I . J;é ﬂi \ f .pf
Q 25 M .=125.8 GeV -
g - M.,=58.8 GeV I stop (DIL BR = 0.30) ]
:ﬁ’ 20:_ -Top (M=172.5 GeV) _:
- [ 2+ Heawy Flavor 4 Observed 95% CL
15:_ Z + Light Flavor _: E:/BRZ(Xi%Z V|)=1 0 CDF Run Ilfreliminary (2.7 b
- N 8SE o M(7)=125.8 GeV/c?
S B 80 BR(, % b)=1
= - 55/ BRAY -7v1)=0.50
N 1 2 70
C > E
000 150 200 250 300 350 ;1_55;_
t Mass (GeV) s F
Source ee v el [l 60 =5
Total 14220 12441606 294+ ds BOO LT3 55F BRZ(Zf%Z?V|)=0-25
stop 1.1 ok L3 1.4 o 0.4 34 = 0.7 8 = 1.2 502_
Data 15 12 30 57 - ded b .
\k\\;.\\;\\;Lk.;.;; R R R R R RN R RN
135 140 145 150 155 160 165 170 175 180 185

M(t) GeV/c?
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Physics: Stop

>
] .. 1
N ‘;3 . CDF Run Il Preliminary, 1 fb" =555 signai
% 10 , Cut Group c (ee+e I |-+fakes
ot — (bU (m~4 > mj) : o ot Grovp < eesoons) BT
t g m(t)=150, m(v)=75 GeV/c" |l Drell-Yan
X 3 10 diboson
X_) S L
—data
e D) ee, el :

<1\ ~
—

o CDF ee, e, pup >wmm

102

20 40 60 80 100 120 140 160 180 _ 200
E., GeV

D@ arXiv 0811.0459 (accepted to PLB)

Scalar top in the Dilepton Channel:t — 19 b

channel | Data Exp. Bkg. | Sig. A Sig. B 0'3'130: N " CDF Prelimi
: - Br (t— Wb)=100% . reliminary
ce 12 122104 0.6 16 > 120 & Br (0 W)=100% e
e [t 61 65+ 4 6.0 16.1 S, 110F ’
o 3
f) Inst. Bkg (f Inst. Bk = 10 :
> . . > nst. g. L
‘ng DO, L =1fb" DZD,'szo_s)oe"e ng DO, L =1 fb" .g}?i’:&" 905 """"""
% i gtzi/y -1 % @g t 80 E_
[ . * pata =
I.% 10 —giagtﬁal A :>: 10 — Signal A 70 3
E == e Signal B Fama locosss Signal B o
SN N\ : Si 60F
LI o ' i ho \ :_ ............
e diiiil X ] 50 » Opal
NN 40 F LEP
1050 100 150 200 250 300 350 100 150 200 250 300 350 400 T
S, (GeV) S; (GeV) 60 80 100 120 140 160 180 200

| . M: [GeV/c?]
A/B:m(t,v) = (140, 110)/(170,90) GeV Brand new result from CDF!
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Physics: Sbottom (from gluino decay)

°*g — BB, ZND — b)z(l)
o fr+4b— jets, 2.5 fb~! (CDF)
e 2 NN (small and large Amgg)

e 1 and 2 b-tags samples

CDF Run Il Preliminary JL dt=251 "

CDF Run Il Preliminary I Ldt-251b"

" c\’.(-; 350 |- Observed 95% CLlimit /" _
I= - Two inclusive b-tags S [ Expected 95% CL limit , 9—>bt30(100% BR)
© O gignal M@)=335, M(B)=315 © [ M) -60Gevic? A ° P (100%BR)
U,J - ¢ CDF Data ’ g 300 M(g) = 500 GeV/c? S 1
zZ - [ EWK BOSONS % i
8" Top c [
| [ Mistags = o50 |
. [ Inclusive Multijets = i
6 [e) _
I 8 200
i 7p) D@ Run 11 310 pb'
41 - Sbottom Pair Production
- - Excluded Limit
i 150 -
2 - ) CDF Run | excluded
- 100 i 1 I 1 1 I 1 1 1 1 I 1 1 1 I 1 1 1 1 I 1 1 1
- 200 250 300 350 400
15 Gluino Mass (GeV/c?)

D® PRL 97 171806 (2006), 310 pb~*
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Physics: RPV v,

eCDF @1 b1 eu, ur,er
e DO @ 4.1 h~ 1L

d(py)

d(p»)
WarL=1=
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>4

SNIRLLL ey, +)\’“‘3LQd + /'L H,
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[ Fake Backgrounds

T T T =

2'5,=0.10,1,,,=0.05
Data E

Zly -1, WW, t T
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100 200 300 400 500 600 700
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—-— Data

BN Physics Backgrounds
Zly — m, WW, t T
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50
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100
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Physics: RPV v,

DJ, 4.1 fb' preliminary
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e All RPV couplings are null but
>\:311 and Ag21 = Azi2
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95% CL o x BR(ep)(fb)

CDF Run Il Preliminary, 1 fb”

95% CL o x Br (ur) (pb

—

50F
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a0f- — Observed Limit
sER 020000 T Expected Limit
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20°
15F
10
st
O:I\\\\\\\\\\\\\\\\\\I
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Physics: Chargino/Neutralino

I’

zZ < l

fall

~)

5 = ]
L v 4

DO: arXiv 0901.0646

o ce, up, e, T + trk(e,pu, ) + K

>102§ W Datam:

- DQ 23fb : -
S A WZy*Y -
= sok eel selectlon DMuItuet )
~ I tt -
2 | | §W+jet/y ]
& 4 | EWW,ZZ |
o mwz

10'15

JSUSY 1 |
L.iSUSY 2 |

LT T T T AT

150 200 250
m,. (GeV)

CDF: PRL 101, 251801 (2008)

e 3 leptons (e, ) + B
e 2 leptons (e, u) + trk(e,u,7) + K

CDF 2! dilepton—+trk:

10% ¢
= — —e— Data
[ /] Drell-Yan
1\ Fake lepton
- /) Dibosons
8 it
© : — Signal+SM
E
c
S Nk \ I_‘_l—‘:
oE A B b ANk
0 20 40 60 80 100 120 140

E; (GeV)

7 vs 6.4+1.1 (all channels)

fake ¢ 1.4, DY 3.0, dibosons 1.6, tt 0.5
-15-
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Physics: Chargino/Neutralino
1 % ‘_DQ 2315 ' Search forxle -
7 < 4 0 X G 300 mSUGRA B D obsérved limit
p o ~ g0 « [ tanf=3,A =0,u>0 mmmDJ expected limit -
>W<\ xi it E T §" — CDF observed 1
- M % P W o050 < limit (2.0 fb™) B
q R WS e i X1 L S i
W {;'\“*«, ! q =N = 1 N
mSUGRA: 5 parameters : ]
200 LEP -
mg, My /o, tan3, AV, si n( ) " Slepton ]
Uy 1781 /2; SHH " Limit ]
AO — O tanﬁ = 3 ,LL > () 150__| - | LEP Chargmo !.lmlt _
= 03[ PR 0 50 100 150 200 250

e i DQ 23fb i m, (GeV)
s M )=M@E)=2M@E); M)>M@E) = 03T aansn i s P
% - tanf=3, u>0, no slepton mixing - @ = DO, 2.3 fb1 -
2 02 — Observed Limit | = F  M(¥,)=130 GeV; M() - M%) =1 GeV 1
i eol. . imt 1 ® - .

j;f L Expected Limit | T L —— Observed Limit

T k 1 ‘Q 0.2— o Expected Limit
0.1 ey [ ]

.................................... 1%
................................ | &) mSUGRA

. o= = |
000 110 120 130 140 150 16 | = ___— i
B Chargint;lz Mass 6GeV) e |
3t-max:m(l,v) > mxX1, Xa), -

no £ mixing

oo Lo L b b L Lo L L Lo Lo Lo Lo 1|
0423 245 6 7 8 9 10 11 12 13 14 15

tan
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Physics: Squark/Gluino

q

a , _
e squark ¢ — q%(lj, gluino g — C]Q_%&) a g o :
o2 jets + Fip: mg<m§:>q~§ ’
o 3 jets + K mg~ Mg = q9 i 1

4 jets + Kop: mg > mg = gg
e Reject leptons. Main backgrounds: D O: Phys. L?tt- B 660 , 44.9 (2008>
QOCD, Z — vir+j, W — lu+j, tt 2]: low-my, 3]: mg =~ mg, 4j: high-my

CDF: PRL 102, 121801 (2009)

> 10° = (b) DO, L=2.1 fb
N, >3 MET>120 HT>330 CDF Run Il Preliminary S g IZI gl?lltaB K d
: o I ackgroun
L —e— Data(L=201") N2k [_]Fitted QCD

= —— QCD + non QCD Bkg. —~ = SUSY

- non QCD Bkg. 2 -
5 -
S 10 3
m _

i Total Syst. Uncertainty
—— Bkg.+Sig. M. = 249 GeV/c?
10 M, = 270 GeV/c?

1 _ ]

events / 30 GeV

10-1 E_ | | | | | | -LJ_II |
j: TIN5 A T 111 10 S 5 VI S O T S
e 0 50 100 150 200 250 300 350 400 450 500
400 500 600
H;(3jets)[GeV] E; (GeV)

100 b1l
200 300
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Physics: Squark/Gluino

CDEF: PRL 102, 121801 (2009
mg > 379 GeV

CDF Run Il Preliminar L=2.0 fb™
600 y [T T T T T T T T T 111 m ~ > 30 8 G 6 v
i lation of the Il observed limit 95% C.L. g
===x expected limit
500 - =5.1<0
A4=0, tanfi=5, /Z’QHQ ; 600 T | L I I B B B ]
’ < LEP2 ¥ ]
400 ég . d
i 2a0ete%6% %% 500 f 7
3 = S\
> ) AT N :
8300 et solution % 400
\z’ | |§ - o0 )
=° = S s no mSUGRA N
200 f 300 solution_ [
m DJ 1B :
- 4 N
100 5200 D@, L=2.1fb" J
(7)) tanf3=3, A =0, u<0
0 100 N
0 100 200 300 9 400 500 600 LEP
M§ (GeV/c)) N \

100 200 300 400 500 600
mg = mg: mg > 392 Gey’ Gluino Mass (GeV)
any mg: mg > 280 GeV

mg < 378 Gel/ mg > 493 GeV/ D@: Phys. Lett. B 660 , 449 (2008
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Physics: Squark/Gluino

[ M{(gluino) = M(squark) ]

@CDF Limits EDO Limits A Prospects (2 fb-1)

450

t Fermilab-Pub/96-082
&~ 400 DO-CONF-5312 < /
s | Tk
8 350 R'UII “ < .
-: |
£ 300 (- i
5 Run Ibﬁ
; 0
:Eué 250 C
o B ®Runla
£ 200
3 [
O 150 ¢
100 B e e e i et TR, . TR O RN
100 1000 10000

Luminosity (pb")

-19-



DIS 2009, Madrid, Spain, 26-30 April 2009 Andrey Loginov Search for SUSY at the Tevatron

Physics: CHAMPs
D@: arXiv 0809.0472, sub.to PRL

e Charged MAssive Stable Particles

e Appear as “slow moving muons” e Timing in p system = the speed

e stop, stau, chargino, ... o M(up)
| 1) Z g, 2)(1 — o

CDF: arXiv 0902.1266, sub.to PRL  ® D Z##: 2L =0)/0v <0

e Time of Flight (TOF) detector w0 Dg_ St (30 Go)

e Tracking 210° -

oW — ev, Z — ee for TOF studies @’

CDF Run Il Preliminary (1.0 10

ol [ Central, p,>40GeV | ] 1200 " 406" 605 8087000

—— Background Prediction Invariant Mass (GeV)

—— 220 GeV/c? Stop

105? (b) DY — Background

10 Stau (300 GeV)

Events / 10 GeV

—

o IIJI| T T III\IIl
| !IIIHII

—
<
-

. I

b= 1 = E TR N B | N P |_| .
50 100 150 200 250 300 0 50 . .1.00 150
Mass from track momentum and ___ (GeVi/c?) Speed Significance Product

200
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Physics: CHAMPs

e Charged MAssive Stable Particles .
e Appear as “slow moving muons” D@: arXiv 0809.0472, sub.to PRL

e stop, stau, chargino, ... 10\ (b) DY 1.1 fb™
; \\ ®  Observed Cross Section Limit
CDF: arXiv 0902.1266, sub.to PRL = [ \ =xpected Gross Section Limit
o B AN — — NLO Cross Section Prediction
CDF Run |l Preliminary 'E' 1 E. \\ NLO Cross Section Uncertainty
- N
10 —— Stop Production cross section (NLO) _g i
_’g‘_ ; A Cross section limit from central n § 10-1 =
~ o _ -1 (/)] C
.S 1h JLdt_1.03fb 8 -
8 | G102;
(7)) B C
o .| N
0107 ¢ \_’\ -
o E A + - A B 10_3 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |
I 50 100 150 200 250 300
| | | | | | [

- |I||| 11 | 11 1 11 | 11 | 11 1 11 1 III M V
1027700 120 140 160 180 200 220 240 260 ass [GeV]

Stop Mass (GeV/c?) o ) .
Limits for chargino mass for pair pro-

Same result implies: duced gaugino-like charginos

ool < 10fb at 95% CL for p%h >
10GeV, In" < 1,04 < g < 0.9
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Summary

e Supersymmetry is not discovered... yet

e Tevatron, CDF, D() are running very well &

e Data sample is getting bigger
— Expect 2-3 times more data to analyze
— Can look at the rarer signatures
— Keep digging and pushing limits

e CDF Exotics:
http:/ /www-cdf.fnal.gov/physics/exotic/exotic.html

e D) Exotics:
http://www-d0.fnal.gov/Run2Physics/ WWW /results/np.htm
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Summary

e Keep your eyes open for the unexpected :)

&Y
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Summary

e Stay tuned!

SUSY particle Scenario Mass Limit (GeV)
Squark and Gluino moUGRA, low tan( ~ 400
Sbottom Br(g — bb) ~ 100% ~ 300
Stau RPV, )\/311 #0, X391 = A319 #0 ~ 200
Chargino mSUGRA, 3¢ — max scenario ~ 140
Stop Long life-time (CHAMP) ~ 250
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BACKUP
SLIDES

moUGRA
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mSUGRA

In mSUGRA, symmetry breaking is via gravitational interactions and the
SUSY parameter space is reduced to only 5 parameters:

e m: the universal scalar mass at the grand unification scale A

® mq p: the universal gaugino mass at Aour

e Ay: the universal trilinear coupling at Aqprr

e tan(3: the ratio of the vacuum expectation values of the two Higgs fields
e /1: the sign of the Higgs-mixing mass parameter

600

500

Mass [GeV]
N
o
o

1 1 1 1 ] 1 ] 1 ] 1 ] 1 ]
2 4 6 8 10 12 14 16 18
Log,,(Q/1 GeV)
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