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INTRODUCTION TO THE ANALYSES

* large mixing in the third generation of sfermions Note : following limits
* dedicated searches aimed at specific mass hierarchy are at 95% C.L.

* RPC hypothesis (pair produced SUSY particles, large MET)

stop: g e
* 2-body decays(t StX! ,t —>bX3 klnematlcaly difficult X
* NLSPV, m(X+)>m(t)>m(v)>m(X ) 3 body decayst—>blv

<

V
g? 2 b-jets + 21 + MET

—

* NLSP stop, stop decay via FCNC dominates t1—>cX | 400 pb”
o ) W 4 2 c-jets + MET
sbottom: ’ B\ C new D@ update!

* NLSP sbottom (high tanB), 5 v !
(nghtanB). b, ~bX, 2 b-jets + MET

_ ~350 pb”’
gluinos :

4 b-jets + MET
~160 pb”

* if sbottom is lighter than gluinos, §—>bl~9

generic (heavy) squarks:

: . . 2 jets + 1(s) + MET
* stau is the lightest slepton (high tanp); search for cascade decay to taus jets +1(s) +

brand new !
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STOP :: 2 b-jets + 2 leptons + MET w

Channel  Totalbkg  Data (110,80) (145,50)
ol 30142741 3 264-15403-00 17.3+-60.6+-02

UL and ep channels

L _~400 pb’ b
o <\ v e 29+-04 +-01 1 314-02+02-00 33+-04+04-03
1 >N v
,g? " "DORunIl
Selection: (e,n) 428 pb

_ . (1,p) 395 pb
— 2 leptons identified

— low pT cuts on leptons (6-10 GeV)
- MM 1 b-tagged

Combination:
» generic MSSM, BR(T—blv X ) =100%
* equal BR to all lepton flavours

* largest excluded masses: () 108 pb™
m(t)>186GeV form(v)>T1GeV L i, LEP1T ee«-"uqed L
m(v)>107GeV form(t)>145GeV 50 80 100 120 140 160 180 200 220

Scalar top quark mass [GeV/c?

Sneutrino mass_LGechzl

£ O O N © ©O © = N
O_OQOOQOOQ

D) Run |
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STOP :: 2 c-jets + MET * w

Data set: b ™ c Ej:_ D@ Runll Preliminary 995 pb'
« D@: jets+MET, L_=360 pb" [PLB 645 (2007)] %40_ l “Data
. ! HOT OFF THE PRESS ! DOL =995pb”|  §,.F | | [D]:Mmlc
» CDF: jets+MET, L =295 pb" [CDF note 8411] soF [ g
25:_
Main backgrounds: -
*  W(lv)+jets, Z(wv)+jets (multijet QCD events) 15E
Selection (very similar for the 3 analyses): 10f
* exactly 2 jets (pT> 40, 20 GeV), MET > 60 GeV N P T T
* veto on isolated leptons and isolated tracks %56 100 150 200 250 33&;3&;}
* jets-MET angular correlations (mismeasured jets) Stop mass Expected Data

* loose b-tag jet (increase c quark efficiency, eff. LF~ 6%)
* optimisation (per stop mass): HT, MET, &(jet1,jet2,MET)
Main systematics:

* signal : JES (8%)

* background: normalisation (10%)

0513 8194-40+139-141 83
(345 5704-31+86-87 57
50460 6424-32490-01 6
Sgnall16080) 26484163
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STOP :: 2 c-jets + MET * w

Results:
. ~ 50 .
* generic MSSM, BR (7 X )=100% _D@ Run”_ Prehmmary

* large improvement over previous searches =2t ;
g - - 100
* sensitivity to m(7)upto 149 GeV form(v)=63GeV <t |
g [
S -1 B
N,:'IOOE\ I TTTT I TTTT ICIE)IIITI FIQIl.;IIr‘I I"I IFTrEIIIIrr‘IIIr‘IaI'I-IyI (I?\glsl IF)ItI)I I)L B
L I~ CDF,DZ Run2 — Observed
g S ke b et DR i
9305 i s i : ECDF Hﬂn1 3 60 B . e
o;:-{— E_s':a'e El D@ Run 1 = L .
S &L i e A L 5
C 3 s : A5
60F- LI z | i LEP 6 = 56°
50F- o e NVZE 40_ ----- LEP6 =0°
i‘,' > e ] i FTI T CDF Runl
F — D@ Runl Y A i
30F- |— D@ Runli 360 pbft i S @
205 20_ s e
7 3 {mrnee Expected
10 3 i i , i i i
OEI I I I Lo i bbb L '_I 1 | e I L1 | L 11 | L1 1 | I | |

Ly e ey e e iyl 11l 1
50 60 70 80 90 100 110 120 130 140 {]

M(E) (GeVic?) 60 80 100 120 140 160
m_ (GeV)
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SBOTTOM :: 2 b-jets + MET * w

Data set:
« D@: L =310 pb ' [PRL 97 171806 (2006)]

9 [T I I I | I I I I | I I‘r; I I | I I I I | I I
. o gy o | —Dbssu;“ved . D@ Runll
CDF Lint_295 pb g i EXPEGtEd ;; L " 310 pb_1
. o | SLEP w
Selection: (CDF and DO) < 7 Na=208 GeV
* similar as stop search o | § 2 - | |
o : c | i
* the b-tagging is tightened (>=1 b-tag jet) % | 4 |
* optimisation per sbottom mass -'5'- &
< | #@ I
Background:
* QCD, W(tv)/Z(w) + jets, top-pair :
ReSUItS: D_"T | | | | | | | | | 1 | | | | | | IE | | _
* data and SM expectations are consistent . =0 100 =0 =Bl
Sbottom Mass (Ge

* generic MSSM, BR(b —bX') =100%
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SQUARKS :: 2 jets + taus + MET

I' HOT OFF THE PRESS !!

Signature:

* not expoited yet for SUSY searches at the Tevatron

* 2jets + >=1tau (had) + MET
Dataset:
« D@: jets+MET trigger, L. _= 960 pb"

Selection:

* jets and MET selection similar to the D@ inclusive search
for squarks and gluinos (Xavi presentation), using dijet

and multijet final states (no lepton veto)

* tau selection: hadronic tau identified (loose NN)

* optimisation on MET and p_(j.)+p.(,)+p(1)
Main backgrounds:

* top-pair, W(tv)+jets (QCD multijet events)
Main systematics: jet energy scale (up to 15%)

D@ Preliminary, 0.96 fb™'

Events /10

® Data
COW—Iv + jets
[ Z—= v + jets

PR T T

200 250
ET(tau cand.) (GeV)
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SQUARKS :: 2 jets + taus + MET

Signal: mSUGRA with enhanced decay to taus (A =-2m , tanp=15, u <0)

- L i

M/GeV M/GeV . . .
4O5A A pM/Ge Data  SMexpectaions  Signal (A Signal (B
376 F— 4 383— * 2 1.74:0.3+0.6:0.3 4734037 1084057
(A) 361 7 (B)onet
typl.cal - o undetectable
PO =X o o e XK DO Preliminary, 0,96 fb’
91— T 200 ,. 1
-0 105 g § // e
62 b X, 58 | X LEP ) 0.4
Results: e Mo
* challenging final state, good signal sensitivity S i — ~0.7
* excluded region restricted to the “tau corridor” | = - 0.6
, charginos | B
* squark masses up to 366 GeV are excluded 120 | [’
(competitive with generic squark searches) 10008 o4
* important channel to complement other SUSY . no theoretical Bl observed e
80 o 0.2
searches (squarks and gluinos in jets+MET, and ) unceriainties ---- Expected .
direct chargino/neutralino production in 3 leptons) Bo_f?rsrgn?l,,llll, '
60 80 100 120 140 0
m, (GeV)
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CONCLUSION

* SUSY predicts a large variety of new particle mass hierarchies and couplings
* CDF and D@ try not to leave any stones unturned

* No evidence for SUSY has been found yet
* CDF and D@ continue the quest

* Powerful techniques were developed for such difficult final states at hadron
collider (b-ID, tau-ID)
* It builds confidence for the future.

http://wwdO. f nal . gov/ Run2Physi cs/ WAV resul ts. ht m e
http://ww- cdf.fnal.gov/physics/physics. htm
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BACKUP SLIDES
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SQUARKS AND LEPTONS

q m(X ") >m(7)>m(v)>m(X )
m(W)+m(b)+m(>~<(l))>m(7)>m(c)+m<)~<o)
1
E] M%z:E[(M§L+M)%CR)$\/(M§L_M% )24‘ fl%nmzn]

|

a,=A,—ultan

az=Ap—p*tanp q

M 52 - m? my X (Ag = pu tanf)
L
my X (A = p tanf3) M Ez +m7

R

0
~ i XT
t-‘(- === 1 W
b ™ C t c
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STOP :: 2 b-jets + 2 leptons + MET

Data set:
— muon triggers
- L _~400 pb

HU channel

Background:

— top-pair, Z(uu), QCD (multijets)

Selection:

— 2 opposite charge |, isolated, low
pT cuts (8, 6 GeV), separated
from MET; anti-Z cut Mpp

— Njet >=1(15 GeV), 1 b-tagged

— HT shape (top-pair dominates) to
extract limits

— low BR but low background level

Background:

Selection:

to extract limits

® DATA
B2 Multijet

en channel

- WW, top-pairs, QCD, Z(11)

- = i

— >=1 muon and >=1 electron (pT> 8,10 GeV),
opposite charge, isolated, away from MET
- MET>15 GeV, M_(L,MET)>15 GeV

- p.(e)+p,(mu)+MET and HT shapes are used

* DATA
B8 Multijet

(b) C1Y(.2s) ->
By
Eii >
-WW > U~
[JsSignala @
[_]SignalB

y, DO, L = 395 pb’

5 GeVIc

10

Events / 4 GeV/c?

Event

s T g ..' L "'1 ~‘ B 4 § -1
100 150 200 250 300 1070
M 1) [GeVic?]

(e)
D@, L = 428 pb'

50 100 150 200 250 300

— vaEsl
g 11

Diboson
[]Signal A
[L_]Signal B

S; [GeVic]
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STOP :: 2 b-jets + 2 leptons + MET w

Main systematics: Channel  Totalbkg  Data (110,80) (145,50)

JES: 4-22%, jets ID 4-16%, b-tag: 1-11% oy 371,007441 34 264-15+03-00 173+-606+-02
W 29404 #0010 3140240200  33+4-04+04-03

" '"DORunlil
(e,n) 428 pb
(1,n) 395 pb

Combination:

* equal BRto all lepton flavours

* generic MSSM, BR (7 —blv X (1)) =100%
* large improvements over previous Run |

* largest masses excluded:
m(1)>186GeV form(v)>71GeV

m(V)>107GeV form(t)>145GeV

Sneutrino mass_LGech‘l

a0 O N © © © = N
QlOQOOOOOQ

D Run |
(e1) 108 pb
y LﬁP 1 e?(cluqed i
60 80 100 120 140 160 180 200 220
Scalar top quark mass [GeV/c?
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SBOTTOM :: 2 b-jets + MET * w

E 6;_ | CDF Run Il Preliminary, 295 pb" ]
Data set: £ o e Data -
* D@: jets+MET, L_=310 pb™[PRL 97 171806 (2006)] _ =§§§?§F) :
+ CDF: jets+MET, L_=295 pb" - 53’;’“2“‘” :
Background: 2 W moercy
* QCD (multijets), W/Z + jets, top-pair :
Selection (very similar for CDF and DO): S i L
" high p_ jets, acoplanariy, large MET, MET and |
jets not aligned, leptons veto (e, mu, charged B g
tracks), Njet=2 or 3, jets with >= 4 tracks only
CDF
( ) . . = 55 GeV
* >=1 b-tag jet (DO: eff. LF, ¢ and b-jets = 0.1%, G L
5%, 30%; CDF: eff. c-,b-jet = 17%, 40%) n
* cut values depend on sbottom mass ranges IR . | i
Main systematics: b-tagging (~10% candidate SS—— "
y gging ( ) CDF ?a;;::late ET=1003G§V
evemital) o -b-tagged
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SBOTTOM :: 2 b-jets + MET * w

Main backgrounds: Results:
* CDF: misidentified LF jets, QCD for low * data and SM expectations are consistent
sbottom mass * generic MSSM

*  D@: top-pair, Z(w)+bb, Z(w)+i, W)+l + BR(b —bX') =100%

CDF Run Il Preliminary (295 pb’)

S\ IIII!IIIIl||||!|||||"— N"JZO||||||||||||||||||||||||||||||||||||||||||||

8 — Obsefved '." Dﬁ Run " | ";2 : — Observed CDF Run2 : Theoretical uncertainty _|
P 1] my | ==eee Expected limit incl. PDF, and renormalization
expected L . L=310 I'-’b1 = F P - d factorizati |

St ¥ i : [ relim. and factorization scale N

c”100 ............................ i T e —— - — S100 D@ Run2 P i i Thearetical urcemsist)
7] i LEP o= [ |:| CDF Run 1 incl. renormalization and 7]
(] K : i - 6 I _ K- factorization scale 7]
; s -
E ", 4 : A . i 80— .;. E . . ]
o) 7 % - i+ o= % ’
E " 5 i 60— o "w,l ' _
5 * = .' ' \ . -
50 . - -
Q 88pb' B i
pd i 40— |
. 20— _|
0."’||||i|||| IIII\iIIIIEiILI_ 0_|||||"I|||||||||||||i|||||||||II‘!.|||||||E|||| |||_

0 50 100 150 200 0 20 40 60 80 100 120 140 160 180 200 22?
Sbottom Mass (GeV) M(b,) (GeVic")
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GLUINOS :: 4 b-jets + MET *

[PRL 96 (2006)171802 (2006)] - P Process Exclusive Single B-Tag | Inclusive Double B-Tag

q # B [W]Z-+jets/Diboson] 5.66 + 0.76(stat) £ 1.72(sys) [0.61 £ 0.21 (stat) £ 0.19(sys)

TOP 6.18 + 0.12(stat) + 1.42(sys) (1.84 £ 0.06(stat) + 0.46(sys)

Data set: - |QCD-multijet | 4.57 £ L64(stat) £ 0.57(sys) |0.18 £ 0.08(stat) £ 0.05(sys)
* trigger jets+MET/ 4 X, \5? Total Predicted  [16.41 + 1.81(stat) + 3.15(sys) [2.63 £ 0.23(stat) + 0.66(sys)
. L =156 ob” b Observed 21 4
Background: _ [uing-3 /069 G- Eydusien Lini, 15831
* top-pair, dibosons, QCD HF, W/Z+jets % 280 e e woF Rumlipreliminery
Selection: S 2609 wi - so0 Gevie
* MET>35 GeV, >= 3 jets away from MET, lepton veto 2 240 jowpT bjets, )
* =1 b-tag (MET>80 GeV) and >= 2 b-tag S B Q-
Main systematics: = 400 et sy | T
* backgrounds: JES (up to 25%) & 180 oxc singe ) /|
* signal: 2-tag b-tag eff. (14%), 1 b-tag JES (10%) 160 ';
Results: 146 I )
* better sensitivity with double tagged events 120- CDF Run | excluded

« M(x,") =60 GeV; m(g)upto280GeV form(b)=200GeV s ™ Se  S30 | % - bt D

Gluino mass [ GeV/¢?]
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THE TEVATRON EXPERIMENTS

multi purpose detectors:

* electron, muon, tau

* jets and MET measurements

* heavy flavour tagging (displaced vertices,...)

Forward Mini-drift | Central Scintillator | ‘ Forward $c1ntlllator
chambers

Shielding
p

New Solenoid, Tracking System
Si, SciF1,Preshowers

silicon
microstrip
tracker

solenoid
drift chamber

+ New Electronics, Trig, DAQ
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PROJECTIONS

400 500 600
Gluino Mass (GeVIcz)

100 200

_t —}-c %1

- Run 2 Projectlon
—95% C L. Exelusn‘m

CDF & DD combmed

600, DO Run Il Preliminary L=310 pb —~120 —
‘\f-\ I 1 e 1T 11 | LI I_ [
o | . S
= ) , 81Ok
@ 500 L:zrb"fexp. Lepz 1] 7 w
O w100 =
n E
& 00| 2%
]
E no mMSUGRA| :":; 80
. solution %
g 70
o
7] 60
50
- - “ - 40
LEP 1+2 N -
E2 N\
DRRRRR wm\\\ %
300

100 120 140 160 180 200 220

Stop Mass {Ga\ﬂc )

http://wwe cdf . fnal.gov/ physics/ projections/
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SBOTTOM :: 2 b-jets + MET

9
> 107 > F
] || e Data S ¢ e Data sub. of SM
g T 0 10k Exp. Fit
210 EWsMbg| 2 |
%) . Lf .
L =4 - >102=— ....
3 10° . S,
> - ‘L,
LU — 10 1 'Y
"R D@ Runli, L =310 pb Bh
10—_°§ 4 50 60 70
10
10

50

E,; GeV
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SQUARKS :: 2 jets + taus + MET

Data 2 Run 180952 Evt 51963432 Run 180852 Evt 51963432

SMpredictions ~ 1.68+/-0.24 +0.55-0.31
Signal (A) 4134037
Signal (B) 7084057

Triggers: ET sca, 34 GeV

candidate event

of highest MET

Hmezd.-QQ 0 T47° mu particle et: 2.827

Min: 0.0102 MET et: 278

Max: 46.5 em particle et: 4.542
Object Er n &
Jet 1 265.9 -0.207 5.66
Jet 2 105.9 0.539 4.77
Jet 3 14.75 -1.54 4.30
Tau 1 (type: 3) 15.05 -0.0095 1.58
Hr 386.5
JITHr 386.8
MET 353.1
EM particle 14.5 -0.050 1.54
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b jet tagging

Vertex Tagging TagNghTr
(transverse plane) % 8 o
5o
I 60 ‘ :
(Signed) Track /’ L ) |
Impact Parameter (dca) /' o _ﬁ,\’ Single tagger
Hard Scatter Lengh (L,,) WL iy T |
¥ (eff=48%, fake=0.3%)
3o}/ ! |
L [ Py etoand D=m<Z5 |
* several mature algorithms: e e e el e

Fake Rate (%5)

— soft lepton tagging

: combined in a NN
— impact parameter based

— secondary vertex reconstruction
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tau corridor

BRchi1pTotauchi10nu {-2m0_15_m}

BRchi1pTotauchi1Onu {=2m0_15_m} |

= N J(A) ,(B) e =

g o BR(X,")i-> LSP+t+Vv | 7/ 7 ; ; fso f( ) s y. iy ,." I[,_FJ
=T / v A (g ol J ,II o
400F %/ 3 . q éﬁ il Ve /1 j>

= 140 :!':f!l / (E;>) -:]::

W
N

3500 y ZJ X 5( 1203 f,&“ A A
300 // —X1 ,X2 _ 10017 & 0.3
: A % J o 10% ~t 80T 0.2
2507 7 e T y! - ay
B ' ; | X 60— ‘ bt
! l !'I L1 L I L L1l I/ I L1 L1l IK 0
u ~ 0 100 120 160 180 200
2ﬂu: i Xl min ﬁ(x ) -> L P+ T + Vmo
150 et 10 | LEP2 limits {-2m0_15_m} |
150 200 250 300 350 400 450 0
<M(squark)=>
« i » .
the « tau corridor Exclusion
charginps
Ww’ﬂl@wmmﬁlmu e
LEP2 limits : P AR Ve o E P
AT S A K
* selectron: 100 GeV p e A VB LI,
* smuon : 97 GeV AR PN T
ga:ﬁ‘;ﬂ‘d:b‘:“‘E o::"\,‘b e oaa‘?u
* stau . 93 GeV _ BRI 0 i
) 1 . [ ey "" e-“; -‘J: ?a“ |;‘t‘ I:I':Ja ﬁ=| :g:.,
chargino : 103 GeV 6o a0 TI00" 120 16 180 180" 200

mo
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squarks and gluinos in Jets + MET w

D@ Preliminary, 0.96 fb’

tanB:S,A =0, u<0
D@ Preliminary, 0.96 fb™

no mSUGRA

solution

Squark Mass (GeV)

0 100 200 300 400 500 600
m, (GeV)

: DN
300 400 500 600
Gluino Mass (GeV)

200

Catherine Biscarat EPS HEP 2007 Non-inclusive searches for Squarks and Gluinos at the Tevatron 23



