SEARCH FOR SCALAR TOP AND BOTTOM QUARKS
AT THE TEVATRON

Philippe Calfayan

Ludwig-Maximilians University, Munich
On behalf of the D@ and CDF collaborations

Seoul
SUSY Conference
June 17, 2008



QOutline

Luminosity at D@ and CDF

Scalar top (%), bottom (b): production and decay at the Tevatron

Search for scalar bottom:

o Search for g-mediated b production in the b-jets+ 7 final state

Searches for scalar top:

[¢]

[¢]

[¢]

o

Search for T pair-production in the acoplanar c-jets+ £t final state D&

Search for # pair-production in the bbe® = channel
Search for t pair-production in the tt leptonjets signature

Search for f pair-production in the tt di-lepton signature



Luminosity bt at Tevatron b in Bt + jets via g ¥t in c-jets + By Tt — bbeTp= 0T % in lepton + jets ¥t in di-lepton

Luminosity at D@ and CDF
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e The instantaneous luminosity has been increasing significantly

e The integrated luminosity recorded at CDF and D@ has reached nearly 3.5 fb~!
(~4 fb~ delivered)

o Analyses shown today include integrated luminosities from 1 to 1.9 fb~*
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Luminosity b, at Tevatron b in ET + jets via g tt in c-jets + BT Tt — bbe™ u= o0 It in lepton + jets tt in di-lepton

b and t production and decay at the Tevatron

a a
e In the following, MSSM with conserved R, g i
o bF production via strong coupling O‘OQOQOQY\\
= Iarge O production 3 \\:
- d
e Large tan 8 = large mass splitting in b q
sector, maybe mj within reach of Tevatron
e Large m; = large mixing of ,/%r and q______

maybe m; << myg within reach of Tevatron
e b decay: b — by
e 1 decay:
o f; — t{? kinematically forbidden
(in interesting parameter region)
o f; — b)zir
o f—cf}
o f; — blv .

e HF-tagging provides efficient background
suppression
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Luminosity bt at Tevatron b in BT + jets via § ftin c-jets + E = bBei/ti o0 Fin lepton + jets it in di-lepton

@ scarch for g-mediated b pair-production in the |4 b-jets + B4 | channel

Prelimi It, May 2008 Z
¢ reliminary resu nd o O-groductlon > Ugg:!ductlon
o L=18fb""
e Assumptions:
o LSP =2 mgo = 60 GeV
o b light enough, mz = 500 GeV
= Br(g — bb) =100%

CDF Runll Preliminary  [L =181

O My, Mg+ > My > Mo % 7
- S 10°F
= Br(b — b%") = 100% 2 Bl
. . &= Mistags
e Require at least one b-tagged jet 1 EJinclusive Multijets
e Main backgrounds: tt (PyTHIA) + QCD
multi-jet (HF+mistag) 1
e QCD multi-jets contribution estimated
from QCD enriched data sample (jet> and 10
ET allgned in ¢) 0 50 100 150 200 250 300 350 400

MET (GeV)
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Luminosity bt at Tevatron b in B + jets via g ¥t in c-jets + By Tt — bbet  E 5D T in lepton + jets tt in di-lepton

@ scarch for g-mediated b pair-production in the |4 b-jets + B4 | channel

Two signal optimization regions: (4%, 5£) = (320,250) and (300,280)

Iterative selection cuts over most discriminant variables using % as discriminant

e Main systematics:
o b-tagging: 4.8% (mistag rate)
o tt production cross section: 11%
o QCD multi-jet: 50%
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Luminosity b,t at Tevatron b in BT + jets via g Tt in c-jets + BT Tt — bbe™ u= o0 It in lepton + jets tt in di-lepton

DO Search for t pair-production in the acoplanar | 2 c-jets + E+ | channel

e Published, Phys.Lett.B665:1-8,2008 e Flavor changing decay process:
o L=1f"" -
X1 X1
e Assumptions: 1 !
o LSP = {9 R W
|
5 my < mﬁ + my b | c
m;<mW—|—mb—|—m>~<o

o Br(t — c¥?) = 100 %

. . e To remove instrumental background:
o Use jets+ Ft triggers

e Main backgrounds: W /Z+jets (ALPGEN) { JEEZ—;% > —0.05
e QCD multi-jet contribution estimated A¢max — Dpmin < 120°

from data Hr = Et computed only from jets
A¢ = separation between jet and Ft

Philippe Calfayan, LMU Munich SUSY 2008, Seoul 7/15



Luminosity b,t at Tevatron b in BT + jets via g

Tt in c-jets + B Tt — bbe™ p

DD Tt in lepton + jets Tt in di-lepton

DO Search for t pair-production in the acoplanar | 2 c-jets + E+ | channel

e Require at least one HF-tagged jet

&c ~30%
Efake ~ 6%

Final selection achieved with:

Neural network tagger: {

Er
A¢max + AQbmin
HT = Zjets pT

Signal enhancement by maximizing expected
lower limit on mso for given my
Main systematics:
o Trigger: 6%
o HF tagging: 4.1% (bgd), 3.5% (signal)
o Background normalization: 10%
o PDF: 4% (bgd), +8.7/-5.5% (signal)
Largest limit: m; > 150 GeV
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Luminosity b, at Tevatron b in Ey + jets via g it in c-jets + By Ft — bbet uT T T in lepton + jets Tt in di-lepton
DO Search for t pair-production in the bbeiuiuu channel

e Preliminary result, April 2008
e L=11f"
e Assumptions:

o LSP =70

o Br(f — bli7) = 100 %
(decay through a virtual ¥*)

e Use of low-pr ey triggers DO Rl Praiminary

- -1
L=1fb . !
%140 Gevicm = 110 Govi
...... m= 170 GeVic’.m'= 90 GeVic’]

e Main backgrounds: WW, tt (PYTHIA)
and instrumental backgrounds,
estimated from data (mis-identified
leptons and jets, QCD multi-jet events
mis-measured £7)

Number of Events

e No b-tagging

80 100 120
Missing E_ (GeV)
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Luminosity b,f at Tevatron b in Bt + jets via g i in c-jets + Bt ft — bEei,u,iﬁE i in lepton + jets it in di-lepton

DO Search for t pair-production in the channel

| DO Runll Preliminary
L=1fb?

e Selection cuts based on A® between
lepton and Fr, and Mt (¢, £7)
e Limit setting via CLs method
Use of 12 bins:
3 bins from St = pi + pT + £t
{ 4 bins from Hr =37, pr

5

Number of Entries

-

e Main systematics:

o Jet energy scale: 12-16%
el DO Runll Preliminary
o PDF: 6% ey et
o electron ID, instr. bgd: ~ 5%
e Expected sensitivity increased by

~15 GeV w.r.t previous (ep, )
analysis

L Il L L Il L
60 8 100 120 140 160 180 200
M, (Gevic?)
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Luminosity b,t at Tevatron b in ET + jets via g tt in c-jets + B tt — bbeT u= oo ttin lepton + jets it in di-lepton

g

DO Search for t pair-production in the | tt lepton+jets | channel

b
e Preliminary result, July 2007
~ 71 ¥
o L~11b t_____ iJ' %0
o Assumptions: LSP = %% and m; < m; ! 1
o & — b — bRW™
+
e One W decays to hadrons, the other W
one to leptons e ..
_ ) ) ® O production UPPer limits:
e Combine e+jets and p-+jets channels )
combined
e Main backgrounds: tt (PYTHIA) and g DG Prefiminary
W+jets (ALPGEN) [0, AT ® observed ... ]
W expected
® W-jets normalized to data o S A theorstical
* At least one b-tagged jet 10-...” ..... @ ]
e Limit setting via Bayesian approach u d °
. S ! . Y S noE. Q]
using a likelihood based on kinematic . (]
and ConStrUCted quantities as 0145105 |6$OSIGU:ZD 175/105 175/120 176/135

signal /background discriminant stopichargino mass [GeV]
Tlimit ~7-12 times higher than prediction
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Luminosity bt at Tevatron b in Bt + jets via & tin c-jets + E i — I)Bei/ti o0 Fin lepton + jets Ftin di-lepton

@ search for t pair-production in the | tt di-lepton | channel

e Preliminary result, April 2008 e Main backgrounds: tt (PYTHIA) and
o L —19fb! Z/~* (ALPGEN)
e Z/v" normalized to data under the Z

e Assumptions:
resonance
o LSP =%? _
o m; < my e Event Selection:
o mgx < my—mp o Z-veto by requiring: —;LE > 4 GeV
= £ — bY{ VT

o tt suppression by imposing:

o if Mgt — Mgo < My Hr < 215 + Ao(jefo,jezz)m(zo,zl) « 325

~0 = 0
) { Vi p =
/,/Xl / /' //Xl (H T = Zal! objects P T)
= = k= =
4, W i . HG
Vit g ATy
\ \ \ N
vy vy 4y L

otherwise: Br?(t — bg2v) = 0.11
(same as for top events)

e Combine ee, pp and ep channels
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Luminosity b, at Tevatron b in By + jets via g TF in c-jets + Hr

@ Scarch for T pair-production in the

e 2 signal regions:

o at least one b-tagged jet,
o anti-tagged jets, with slightly tighter

selection cuts

e m; reconstruction using method similar to top
mass in di-lepton channel with v < (¥} + v)

Reconstructed Stop Mass, B- Tagged Channel

M=155GeV | cor Runi k1219
M,=105.8 GeV/ —— data
M,:=58.8 GeV

Events/20 GeV

I Divosons
I Fakes

0 200 250

TMass (GeV)

e (L, limit setting technique using the
reconstructed stop mass as discrimiant
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Conclusion

e No evidence of scalar top or scalar bottom by either D@ or CDF, but significant
improvement of limits and new channels investigated

e BSM signal with characteristic topologies involving leptons, jets, and Et
o Results shown based on 1 to 1.9 fb™*

= Prospects for luminosity: up to 10 fb~! by 2009-2010

e For further details, see:

@ http://www-cdf.fnal.gov/physics/physics.html
DO http://www-d0.fnal.gov/Run2Physics/WWW /results.htm



Luminosity bt at Tevatron b in Bt + jets via & tin c-jets + E i — I)Bei/ti o0 Fin lepton + jets Ftin di-lepton

* Search for t pair-production in the channel (BACKUP)

Stop mass reconstruction with method similar to neutrino weighting
o fi decay: fi — bgF — bIWE™) — blew

o (X2 +v) = pseudo-particle (PP)

e Assume MPP = Mge;erator’ MPP,[ = M).(li, and mgl = I’T7§1

e Event kinematics still underconstrained (by 1 constraint)

= ignore K7, and assume PP ® and m;

Minimize following x?: Finally:
o L2 - N2 1 it —y2
([meas - [fxt) ([meas - fm) (Tmeas — Ua)’ M~Reco - — E M.fz.te Xi,j
X; _ + 4 \Umeas i t1 _X2 ] 7
A 2 2 2 .. e ©J ..
% 9% Tunel Zq} i,J bi,j
= s K assume 2
(JWM - JW) (M‘[:Z:. — Mg )
Yy + Fe
jetsi Ojet; PP
( Mt ) ,)2 )
\Mer, — Hep N (Mpp, s — Mgz)
W S
2 y
" (MPP.,r - Mv) + (A'[PPJ.Eb,cf - A‘HPP;J,EJM)
' IR Tt
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