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Outline

» CDF detailed examination of heavy flavor content of jets produced in
association with W bosons:

7 Data sample and W+jet composition

7 Study of the correlation between SLT and SECVTX tags, superjets (to be
defined, no any relation with Supersymmetry)

7 Study of the superjet kinematics
7 Additional cross-checks
7 Summary
» CDF and D@ leptoquark searches
7 CDF: first generation and second generation updates
2 D@: Search for leptoquark pairs decaying to nnHets
» CDF: Search for new physics in g (e,n) events
» Conclusion

» SUSY and Extra dimensions — see D@ talk by Sharon Hagopian
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* Data sample: lepton + jet events

» Kinematic cuts:

2 One high E; lepton (e , n)
E;>20 GeV
Central (| h | <1)

9 Isolated
A B> 20 GeV
7 atleast 1 jet with E;>15 GeV and |h| <2.0 «—-——"F= —>

7/
» b-identification: eff. /)L XSecon don
7 SECondary VerTeX (SECVTX) 50% Vertex
Primary 7
71 Jet-ProBability (JPB) 50% Vertex Parametef

7| Seml|eptOnIC decay (SoftLeptonTagging ) 20%
7 The taggers are calibrated on the generic-jet

data sample
» Top quark sample is part of the lepton+jet sample

m
e

" b-vertex, SLT
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tT Cross Sectionsin various
topological channels

» The cross section

D@ combin
:esu:t fr_omI aIrI] | i D ST e ) —— 5.9+1.7 pb
opological channels CDF combined +7
: —0— 6.5 pb
are combined (m, = 15%(35% ) g
+)et =
17 (tDpOngﬁl:?ll? 4.142.1pb
— + 1. CDF L+jet
S tf(CDF ) =6.5 14 pb VX baey —8— 5.141.5 pb
CDF LAjet
(Soft Leptc-n']%ﬂZ) o 9.2+4.3 pb
— DB Ltjet
S i (DD) =59+x1.7pb| ikl = $.3+3.6 pb
CDF Hadronic @ 7.677 pb
ko
S ¢ (theory) =5.1+0.8pb| 1o Hadronic > 7.143.2 pb
: o +4.5
CDFE Dilept = ® 8.4 b
l EP . . |H e ey [ P E -3.5 P
CDF and D@ measure top SLT cross 1 3 5 7 9 II 13 15
section higher but compatible with SM g (pb)
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* W+ ets, expected sample composition

> Data are used to predict the S (" 5.1+ 0.8 pb
events from non-W sources
» Pythia is used for Source W+ 1jet W + 2jet W + 3jet W+ > djet
2 WW,WZ,2Z Data 454 1370 198 54
7 Unidentified Z+jets
- : Nou- 560.1 + 14.9 T2+ 27 124 £2.0 51+ 17
7 it with production cross
section 5.1 pb WW 2454 3.1+54 52410 0.8 £0.2
7 Single top, pp® tb viaa 74 44409 48+ 1.0 09+02  01£00
virtual s-channel W
o _ ZZ 0.3 +01 04 + 0.1 0.1 £00 0.0 £ 0.0
» Herwig is used for Single top,
via a virtual t-channel W Unidentified-Z + jets 2348 + 145 8.5 +£59 79+24 0.7 £0.7
» Calibrated to data, Herwig Single top  Top 141 £2.1 79+ LT 1.7£04 03 £0.1
and VECBOS generators g contribution 1.8 £0.5 101+28  203+57  213+59
are used to estimate the rate
of W+jets with heavy flavor W+ jets withont hf 79620 £ 186  1027.7 £3L.1 1211 £77 199 £46.1
We 4131 £123.9 86.8 £ 2.1 112 £ 34 1.9 £0.7
QCD
WeZ  contribution | 173.1 + 46.2 61.9 + 136 114 £28 234+ 09
W bb 0.0 £9.5 2.7 £5.1 5.7+ 1.1 1.5 + 0.5
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W+ ets, sample composition
after tagging

Phys. Rev. D64:032002, 2001
80 180
| ® data L data
o o =
SECVTX tags op top
o=5.1pb di-Bosons di-Bosons
"E 60 it P - single top ‘E 140 single top
o ) i
: . E We _; 120 We
by o0 Wbb, Wee
o8 Whb, Wce o6 >
Ef o z0%e = 10 Z+ht
= 40 . c ist
; - mistags E 80 nstags
f=] non-w
E v : B o 5 o
“ ‘
20 I 10
+ + 20
10
0
1 2 3 4
0 1 2 3 4 Number of jets
Number of jets

» Tags:
7 A jet with (positive) tags from any tagging algorithm.
» Mistags:

7 Tags in jets without heavy flavor content. _
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¢ SECVTX and SLT correlations

» The rate of events with SLT tags (no
SECVTX) is consistent with
expectation. These tags are mostly
fakes (~75%).

» Clean sample: the composition of
the SECVTX tags is: 70% b-jets and
20% c-jets

» The rate of events with SECVTX
and SLT tags (multitag event)
seems larger than expectation

» The idea is to check the semi-
leptonic BR of heavy quark jets by
studying the fraction of SECVTX
tagged jets which also contain a
SLT tag (SuperTag or SuperJet)
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Number of tagged events

* data

Events with SLT tagsonly| | top

di-Bosons
single top
P~50%

Wc

Whbb, Wce
Z + h.t.

mistags

11

Number of fagged events

- Events with multitags

L ] data
P~3% 1 Top
I Other

Number of jets
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SECVTX Tagged Events

— —_—
—
10 ED
L . data
9 Events with superjets Complementary sample
7 [ ]
‘9 8 j [ J L J data E i, - :_ii_‘::!s:::'s
E L ] Top 5
: : 1w
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» The probability that the SM prediction is consistent with data in all 4 jet bins is 0.4%

» Inthe n,=2,3 bins, the supertag sample has 13 events and 4.4 + 0.6 are expected.
The a posterlorl probability of observing no less than 13 events is 0.1%.

» We define a complementary sample as the SECVTX tagged events which pass all
cuts defining the superjets + SLT candidate track inside SECVTX jet

» The complementary sample has 43 SECVTX. 43.6 + 3.3 are expected from the SM
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Additional SECVTX tags

Bouree W+ 1jet W 4 2jet W 4 3jet W4+ = 4jet
FEvents with a superjet

SM prediction (supertags) 4.00 £ 0.50 260 1+ 041 1.71 £ 0.40 1.47 £ 0.51

Data (supertags) 1 8 5 2

S5M prediction (DT) 0.26 + 0.086 0.36 + 0.08 0.50 = 0.13

Data (DT} I 2 3 I 0
Complementary sample

SM prediction 61.44 £+ 6.09 2026 £ 2.58 14.30 4+ 2.34 11.48 £+ 2.37

Data 65 32 11 11

SM prediction (DT) 215 + 0.50 287 £ 0.67 3.53 £ 0.90

Data (DT} 3 3 2

» If the events with supertags were like those of the complementary
sample, 1.8 double tags (DT) would be expected.

» The probability 1.8 tags to fluctuate to 5is 4.1%.
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Kinematic Study, Set |

» If the 13 events are a statistical fluctuation, the kinematics would be
consistent with the S.M. simulation and the with complementary sample
» We chose two sets of 9 variables to look for differences

7 The first includes d?s / (dp; dh) for every different object in the final state (6
variables)

7 The transverse energy E *s4*® and rapidity y' *su*® of the system (I +suj+b)
which is strongly correlated with missing transverse energy [Eand the rapidity
of the object producing E

7 The angle between the lepton and the system (b+suj)j 'Y (check if events
are consistent with the production and decay of W bosons)

7 These 9 variables fully describes the kinematics of the final state with modest
correlations.

» The second one (see later) includes parameters of possible physical
significance (e.g. masses of the various systems)

» The data and SM MC distributions are compared using a Kolmogorov-
Smirnov (K-S) test. Kuiper’s definition of test was applied.

d =max(F(x)- H(x))+max(H(x)- F(x))
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» We use MC experiments to

determine the distributions of the

KS distance d

» In each MC experiment, tempo-
rary templates are constructed.
They account for Poisson
fluctuations in the number of
events and for Gaussian
uncertainties in the SM cross
sections

» From each temporary template
we randomly generate a

distribution with the same number

of entries as the data
» We compare this distribution to

the nominal SM template (no
fluctuations) and derive d
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» We notice that h distributions of the
primary lepton and the jets are not
very left-right symmetric

» We investigate the z-distribution of
the event vertex. It is also not well
centered around z=0. The binomial
probabilities of observing an equal of
larger asymmetry in the event vertex
is P=1.7¢1072

72 We don’t know of any physics process
that could generate these asymmetries

7 It may be a low probability statistical
fluctuation

7 or obscure detector effect. However such
asymmetries are not visible in the
complementary sample nor in the any

Event Vertex

other control samples
March 2002
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Summary of the Probabilities
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* Second Set of Variables

> As a CheCk, we Fvents with a superjet Complementary sample
compared the

superjet and its
complementary E. 0.81 27.1 0.14 57.1
sample choosing a
different set of 9

variables. Afb+eui 0.6 4.0 0.12 58.9

Variahle £ P (%) & P ()

MY 0.36 1.1 0.16 38.2

» Again the simulation | ..; 0.5 .1 014 I
correctly models the
. bteuf
control sample while  #r™ 0.28 244 010 601
the prpbabllltles for |yt 031 510 0.15 336
superjet events are _
systematically lower ™ 026 0.1 0I5 ALl
pghesi 0.91 15.9 0.10 838
ot bei 0.25 37.3 0.16 $5.7
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18 Kinematical Variables

<P>=0.13 RMS=0.11

events with superjets

(a)
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100
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————
(b)
complementary sample

20 40 a0 20 100
P (%)

» The complementary sample probabilities are flatly distributed,
as we expected from the simulation

» The probabilities of the superjet events: all have low values
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Additional Properties and Checks of
the Superjet Sample

» We checked the following properties of the superjets and/or
superjet events
A Soft lepton P; and other parameters
7 Superjet fragmentation properties
7 Superjet lifetime — found to be compatible with the MC prediction, P=5%
7 Primary lepton parameters

» We performed a number of background/acceptance studies
2 Non-W events & low P; lepton sample
7 Primary lepton trigger studies — found 2 more superjet events

7 Extended acceptance, including plug electrons (1.2<|h|<1.5) — found 2
more superjet events

» We did not find any effects which might indicate detector or
simulation problems

» We found 4 additional superjet events:0.42 + 0.06 are expected
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Summary

» The heavy flavor contents of jets produced in association with
W bosons has been studied. A good agreement between
observed and predicted rates of separate SECVTX (displaced
vertex) and SLT (soft lepton) tags was found.

» An exception is the number of events with a superjet, featuring
both a SECVTX and SLT tag (13 observed and 4.4+0.6
expected). After an additional check 4 more superjet events
were recovered (17 observed and 4.8+£0.7 expected)

» A detailed examination of the kinematical properties of these
events shows that they are statistically difficult to reconcile
with a simulation of SM processes. The same simulation
models well a complementary sample of W+jet events and
larger samples of generic-jet data
March 2002 G.Velev,Moriond EWK '02 18



Summary, cont.

» Obscure detector effects can never be ruled out, but extensive
studies of these events and investigation of larger statistics
data sets have not revealed any effects which might indicate
detector problems or simulation deficiencies

» We are not aware of any model for new physics which

Incorporates production and decay properties of new particles
as necessary to explain all features of these events
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L eptoquarks

» Predicted by a variety of models

7 Grand Unified Theories, Technicolor,
Compositeness, R-Parity Violating

SUSY q (jet)
> The pair production dominates La <
|

799,99 ® LQLQ 9. G
» All three generation could be
produced

» Lepton and baryon number are
conserved in the LQ decays Br(LQ® lg)=b

» Signatures:high p,e or m and jets
(tagged jets for the second and third
generation),

March 2002 G.Veev, Moriond EWK '02 20
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* First generation LQ limits

» CDF: new analysis in the
enjj channel

» Selection requrements:

A E;(e)>30 GeV, isolated, no
second lepton (e m

7 B.>20 GeV and Dj (E,jet)
separation

A E;(jets) > 30,15 GeV, corrected

7 E r(jetsl)+ E; (jets2)>60 GeV, E,
(jets1)+ E. (jets2) + £, >100 GeV

A LH< 105

» No sighal events was
found, total background: 1
event

March 2002
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) Search for LQsIn nn+tjets

» nnqqg final state includes LQ of
all generation

» Initial data sample with loose
cuts agrees with background
expectation

71 242 +30 expected background, 231
data events
» Analysis uses NN to optimize
search for Mg —100 GeV/c?,
MyLo= 200 GeV

7 Scalar LQ: 56.0 £8.1 expected
background, 58 data events

7 Vector LQ: 13.3 £2.8 expected
background, 10 data events

March 2002

Cross Section {ph)

Cross Section {ph)

iniigryy, DD (1992-93)

Irirg,
:ﬂl'u;" g,
ey

DO (1994-95) |

"Fo TEo 9o {00 1’|cr SEBETRERT)

Leptogquark Mass {(GeV,/c®)

i
Q
nl

Y
]

T35 180 175 200 325 350 ﬂﬂ'i’séc Ery

Leptoguark Mass [(GeV./c)

G.vVdev, Moriond EWK '02 22



0.9
0.8 |
0.7

ey

S0.8

P
0.5

=}
=04
L

0.3
9.2 |
a1

0

B(LQ ® e*q) vs M (GeVi/c?) for the

scalar and vector couplings

March 2002

R

M
\
L 4

T —

AL T E——
A
TN s—

L
Y S
I W

- N
\ ACE o 8 @ Yang—Mills

R ‘ﬁ Minirmal Yector]
AL LA A A qs::ulqr ]

50 100 150 200 250 300 350 400 430

¥ First generation LQ limits, cont.

Combined Limits for LQ

b=

BRLQ® e

CDF
1
0.5

D@
1
0.5
0

pair production

Vector with  Vector with
Scalar Minimal Yang-Mills
D Gevic? Coupling Coupling
GeV/c? GeV/c?
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98 238 298
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Scalar L Q2 Limit, mjj Signature

The plots show the selection for M(LQ) = 160 GeV/c?

7 Observed after the cuts: 2 events M Lo = 164 GeV/c2at 95% CL
7 Expected background: 2.0 + 0.6 events

CDF Preliminary (109 pb™)

CDF Preliminary (109 pb'lj Theoretical Cross Section
. g — 6 e (ref: Phys. Rev. Lett. 79, 1997)
L & a = A 2 2
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25 “sgal = S & | e CTEQ4M, QP=My>/4
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15 3 I'J:;v o8 | # CDF Upper Limit, 95 % CL
r 2 o 07 | .
13 ] ks | nv + jets
5 L
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¢ 3% Combination with nmjj analysis

L~

M o =180 GeV/czat 95% CL (CDF)
M o =170GeV/c?at 95% CL (DOD)
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Vector LQ Massand BR Limits

Limit at 95% CL:
CDF Prefiminary 109 pb) K = O Minimal Vector couplings
Mo > 230 GeV/c?
k =1 Yang-Mills couplings
Mo > 290 GeV/c?

L + JetS Theoretical Cross Section

1 B = 0.5 .................... Yang-Mills (k=1)
i - S — Minimal Vector (k=0)

C[)F Upper Limits, 95 % CL
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-, 0 k=0 Ly + jets only CDF Preliminary (110 pb™)
. 1 e
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» CDF, nnbb
A Scalar: M>148 GeV
2 Vector:

M>199 GeV (min)
M>250 GeV (YM)

> D@ PRL 81, 38 (1998) nnbb

A Scalar: M>94 GeV

2 Vector:
M>148 GeV (min)
M>216 GeV (YM)

March 2002

3'd generation L Qs

> CDF PRL 78, 2906 (1997) tthb

A Scalar: M>99 GeV

A Vector:
M>170 GeV (min)
M>225 GeV (YM)

Vector with Vector with

Process Scalar Minimal Yang-Mills
GeV/c?  Coupling Coupling
GeV/c? GeV/c?
CDF
ttbb 148 199 250
nnbb 99 170 225
D&
nnbb 94 148 216
nnqq 98 238 298
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» CDF has a well
established program for
search of new physics in
photon+X data samples

» The inclusive photon-
lepton sample is analyzed
as two subsamples:

7 Two-body — contains only ¢+
(e,m and DF(l,g)>150°

7 Multi-body — additional
lepton,photon orET

» The observed number of
events iIs compared with

SM prediction

March 2002

events

CDF: Search for new physicsin g (en)

Photon-Lepton Sample
>1 Lepton. Ey > 25 GeV
>1 Photon, E1 > 25 GeV

77 Events
=l Lepton, E.; > 25 GeV Inclusive Multi-Body Photon-Lepton Events
=1 Photon, E4> 25 GeV {All Other Photon-Lepton Events)
AD( [y > 1507
50 Events 27 Events
Z-Like ey =1 Lepton
86 GeV < M(e,w,-} <96 GeV =1 Photon
(Background Calibration) Fp<25 GeV
17 Events 7 Events
Multi-Body Subsets
" (20 Events Total) '
Two-Body Photon-Lepton Events Multi_Lepton Multi_Photon
33 Events (=1 Lepton) (=1 Photon)
4 0

15

E1>25GeV
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CDF Data {86 pb™)
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The excess of events with

probability of 0.7% (2.7s)

IS an interesting
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* Conclusion

» In Run |, CDF and DG experiments have actively searched for
new physics beyond the Standard Model

» There Is no sign yet ...

» Many of the limits were set.
2 SUSY
72 Technicolor
7 Compositeness
7 New particles

» Future prospects
7 Tevatron Run 2 (up to 15 fb-t/experiment)
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