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e The CDF detector and the Tevatron

* Physics event generation/simulation at CDF MC4B SM 09
o

* Signature-based searches
— High-mass resonances
— Photon-based signatures

e Model-based searches

— Supersymmetry 1
e Gaugino pair production .
e Squark/gluino production UC D V1S

— Maximal flavor violation



—

Tevatron has delivered over 6/fb so far
in Run I

CDF acquires at 80-85% efficiency

Results in this talk use up to 3/fb

Tevatron: proton-antiproton

collisions at 1.96 TeV

CDF: multi-purpose collider detector
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Simulation at CDF 4

Built-in generator External generator External generator
(i.e. Pythia) (i.e. Alpgen) (i.e. CalcHEP)
STDHEP
€ Parton shower

B-decay (EvtGen)
t-decay (TAUOLA)

Detector simulation
GEANT3

Fully-simulated data for
event reconstruction
and analysis

Minimum-bias event
overlay (Pythia)




Generators 5

e Built-in
Z-Boson Transverse Momentum
— PYTHIA 6.216 T O CDF Run 1 Data
— HERWIG 6.500 IR T ateew bt
— ISAJET 7.51 =™ 18 TeV
:g ! ‘i k Normalized to 1
e External generators E r
— ALPGEN 2.1 (with PYTHIA 6.326) 2 S S S S R
0 2 4 6 8 10 12 14 16 18 20
— MadGraph/MadEvent Z-Boson PT (GeVic)
— WGAMMA/ZGAMMA
— GRACE/GR@PPA CDF PYTHIA samples use Tune A with extra
— MC@NLO intrinsic k; (Tune AW)
— CompHEP
. CalcHEP Generate using CTEQSL PDFs
— MCFM Reweight in x, Q? to estimate systematics
— Your favorite generator with CTEQ6 eigenvectors




Signature-Based Searches




Dielectron Resonances 7

(Z’, RS graviton)

QCD : data-driven

Signature of new heavy resonances

Two electrons with E; > 25 GeV

DY : PYTHIA with mass-dependent
NNLO k-factor, normalized to Z

CDF Run II Preliminary
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3.80 excess at 240 GeV

Including trials factor, 2.50
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Dielectron Mass Limits
CDF Run I1

Cross Section Upper Limits (95% C.L., spin-2) |L = 2.5 fb™
.. . . =102 < —*— Observation
Mass limits for a variety of signal models 2F \, N\ | Expectation
* SM-like 2’ : M > 966 GeV o — kMp=0.1
« RS graviton (k/Mpl = 0.1) : M > 850 GeV & — WM,=0.07
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Dimuon Resonances 9

CDF Il preliminary I L dt ~ 2.3 fb!
:"‘ —— Data
§ 10* |~ —— Total background
Two muons with p; > 30 GeV C — Drell-Yan
. . — Hadro'n fakes
o L~ ——— Cosmic Rays
. . Z — WW
Resolution is roughly constant 9 102~ — 1
c
in 1/m g |
0 -
1 S — ]
dm?1=0.17 TeV?, - T
about three bins n
102~ [
1/(250 GeV) = 4 TeV! =
10 ' '
0 5 10

- 2
m;l, (c/TeV)

DY : PYTHIA with NNLO k-factor, normalized in Z window
QED radiation effects simulated with WGRAD

WW, tt : PYTHIA normalized to NLO cross section

Others : data-driven




95% C.L. Limits ono x BR(Z'—uiT ) (pb)

Dimuon Mass Limits

Mass limits for a variety of signal models

95% C.L. Limits onc x BR(v —uil )} (pb)

* RPV sneutrino : M > 866 GeV

* SM-like Z' : M > 1030 GeV
* RS graviton (k/M ;= 0.1) : M > 921 GeV

Signal templates generated with PYTHIA
Cross sections: PYTHIA+NNLO k-factor

(Z’, G*) or NLO calculation (sneutrino)
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Dijet Resonances

| CDF Run II Preliminary, 1.13 fb™
0 f ‘ SZindf 1616717

‘o : Prob 0.5127

Common final state for a variety of
new heavy particles

Two central jets (|n|<1) with | . , ;
m;, > 180 GeV 10" _______________________________________ _.,4.._ ___________________ ___________________ _________________________

do / dMijj [pb/(GeV/c?)]
)

Simulate W', Z', RS graviton, and B T __— —_— e
excited quarks using PYTHIA o b SR SRR O SO S +

" .l ekl ?.Q
1200 1400

Background derived from a smooth M, [GeV/c’]
fit function

(Data - Fit) / Fit

?: pﬂ(l_x)ol pr2+p310g(x), x = mI\/;
m

Validity of fit function verified using
PYTHIA and HERWIG jet samples

(Data - Fit) / Error

AN Lo AN W




Dijet Mass Limits

Mass limits in a variety of models

W’, Z’, RS graviton : PYTHIA x k-factor 1.3
Excited quarks : PYTHIA LO
others : parton-level LO predictions

Model

Observed exclusion

Excited quark

260-870 GeV

Color-octet technirho

260-1110 GeV

Axigluon & coloron

260-1250 GeV

ptance (jy""?|<1) (p

E6 diquark

260-630 GeV

SM-like W’

260-840 GeV

SM-like Z’

260-740 GeV

-
o
w

iy
o
N

-
o

-

—_
Q2
Qo
~
—_
-
\"
N
5
2
~
[]
(3}
c
o]
-
Q.
[]
(3}
Q
<
X
A
11]
X
©

-
Qe

—
e
N

10~

)

b

02

e
o

o x Br x Acce)
—

-
<

102

CDF Run II Preliminary, 1.13 "
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WW/WZ Resonances

I IIIIIIII

Electron with E; > 30 GeV CDF run Il Preliminary 2.9fb" i

MET > 30 GeV
Two or three jets, at least one pair
consistent with W or Z mass

Events / 20 GeV bin
2

T IIIIII|

Further WW/WZ mass-specific 1
E; cut optimization

10"

T IIIIIII

CDF run Il Preliminary 2.9fb'1

£ F 2
2 46 . 10°0~"100 200 300 400 500 600 700 800 900 1000
> - Et cuts optimized WW Invariant Mass (GeV)
® [ for600-700GeV G*
o 14— ; )
T E diboson, tt : PYTHIA normalized to
® 12 |-e=Data .
S [ |—Bkgdtlo NLO cross sections
> L * o
10 E'@j‘g{;a' 600GeV G*

81 | W-+jet : ALPGEN+PYTHIA, MLM-

60 | ore matched, k-factor 1.3

- ers

4 :

- QCD : data-driven

21—

:I NI BT ETET A B coa o v b by | 11 oo e o

00 ~"100 200 300 400 500 600 700 800 900 1000 Signal templates : PYTHIA

WW Invariant Mass (GeV)



WW/WZ Mass Limits
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’ T i
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NLO calculation £
5 1
c  r
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Electron or muon with p;>20 GeV

MET > 25 GeV
Two or three jets with E; > 20 GeV

At least one b-tagged jet
Search in combined W+jets mass

Signal model : PYTHIA templates, NLO
cross section

95% C.L. Observed Limit - CDF Run Il Preliminary: 1.9 fb™

o xBRW'> tb (pb)

0300

Expected Limit :
| + 10 Expected Limit
—e— Observed Limit '
{—— SM W' M(W') > M(v)
[ —— SMW: MW) < M(v) |

q 1 1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 |

|
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1

CDF Run Il Preliminary, L=1.9 fb’ [ Single Top
(Monte Carlo Scaled to Data) [ ttbar
i 2 Jets 1 Tag [ Mistag+NonW
2501 [ W+clike
[ [ W+b like
200[ —— Data
i %4 Sys Uncert
@ I
c 150} ]
a) -
> s
w [
100 ]
50 ]
- — o
0 100 200 300 400 500 600 ZOO
KS: 16.3%
o My, (GeV/c?)

Chi2/DoF: 13.4/20: 84.1%

top : PYTHIA + NLO cross sections
Mistag+QCD : data-driven

W+b/W+c : ALPGEN+PYTHIA, MLM-
matched, “method II” with HF
calibration from 1-jet bin




t’ Search 16

CDF Run 2 (2.8 fb™)
Preliminary

= Electron or muon with p; > 20 GeV

= MET > 20 GeV 102
= at least four jets E; > 20 GeV
" no b-tagging requirement 101

from kinematic fitter

Search in Hr vs m
! rece 100k | ¢ observed
" top
W+jets
_ D
T T T T 10-1 Qc 1 2 1 "
1 0 100 200 300 400 500
CDF Run 2 (2.8 fb') M (GeV)
iL Preliminary reco
g t'—=Wq, = 4 jets
' : Hy vs Meco

tt : Pythia + NLO cross section
W-+jets : ALPGEN+PYTHIA, float in fit
observed QCD : data-driven

o(pp—t't) (pb)

0-1;' range of
s expected 95% CL
upper limits

Most discrepant tail region
> 250, H; > 550 : 1.05% prob

theoretical prediction
Bonciani et al.

1 3 1 " 1 N
200 300 400 500
t' mass (GeV/c?)

m reco




v + b-jet + jet + MET

P ial GMSB si —
A?stsr’:::hnicolorsil\;g\/?tit;;f MET) XX, — (}’)210 )(Eb) — ()’5610)([9 05610) — (YbCET)

Small SM contributions

> 70F —
Photon E; > 25 GeV S F Entries = 636
MET > 25 GeV b 605_ + f.= 0.170 +/-0.079
Two jets E; > 15 GeV » P f,= 0.596 +-0.058
At least one b-tagged S a0f — bottom

w —— charm

30f — light
Fakes (y, b-tag) : data-driven 20—
vb, yc : MadGraph + Pythia, 100
CKKW-matched OE Ao T aee 1% 1L o
0 05 1 15 2 25 3 35 4 45 5

m(SV) (GeV)

Normalization of yb, yc from y + 1 tagged jet control region
Extrapolate to signal region using relations from CKKW-matched MC




v + b-jet + jet + MET Results

CDF Run Il Preliminary 2.0 fo! vbjE; Search

o
Data

O /////
L‘) /////
AN - Fake y, Real+fake b
S
m S
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—
C
()]
> ///////
(W1}

//////// Background Uncertainty
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CDF Run Il Preliminary 2.0 fo! vbjiE; Search

. Data
[ ] Fakey, Real+fake b

B Realy, Fake b

Events per 24 GeV/c?

Events per 7 GeV

Events per 24 GeV/c®

10° CDF Run Il Preliminary 2.0 fo! vbjE; Search

¢ Data
[ Fake y, Real+fake b
I Realy, Fake b
B vc
L 1vb

Background Uncertainty

20 40 60 80 ~120

r [GeV]

CDF Run Il Preliminary 2.0 fo! vbjE; Search

200
180

. Data
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B Realv, Fake b

/////

500 600

00 )
M(yb) [GeV/c?]



Lepton + v + b-jet + MET

Similar to previous channel, replace jet with lepton

Electron or muon p; > 20 GeV
Photon E; > 10 GeV

MET > 20 GeV

At least one b-tagged jet E; > 15 GeV

18.  CDF Run Il Preliminary 1.9fb" o
* Dat
% 16 & ﬁa a(e+11) |
G4 =
o12 W Wy+HF
. . Nqot 'nyfléey
Sample is dominated by fake b et fakes
q c istags
objects (y, b-tag) and tty o j aco-
m -
Fakes : data-driven 20 40 60 80 100 120 140 160 180 200 720 40 60 80 100 120 140 160
Lepton E; (GeV) E; (GeV)

Wy+HF : MadGraph
tty : MadGraph x k-factor 1.1

LA LA N L L LA | T | ILELELE LR

ey
o

Events/20 GeV

_|.

20 40 60_80 100 120 140 160 180
B-jet E; (GeV)

S N b O O

20 40 60 80 100 120 140 160 180 200
Photon E; (GeV)



tty Optimized

14]"'["'["']"'] LSS L PR BELL L LIRSS S L L L LI e,
Optimize for tty CDF Run Il Preliminary 1.9 fb"
12 ; Datafe+)] s, 8
t 7
10 Wz 5
Niet > 2 " —<4 =W\;+II(-IF g 6
38
H; > 200 GeV = Jrakey | ©5
> 6 Mjetfakes | £ 4
(11 W Mistags < 3
4 Qco S
2
2 L y
0 ——Z2 "4 6 8 10 %0 250 300 350 400 450 500
N Jets H; (GeV)
—~ 10"
Q | W Iv(CDF Runli)
; 10°] W — Iv (Theory)
- Z — Il (CDF Run Il Data consistent with non-tty
- Z — Il (Theory) backgrounds at 1% level
10;tf (CDF Run ll) i (Theory) Corresponding tty cross section
g W ' is 0.15 £ 0.08 pb
: (compare to SM 0.08 + 0.01)
1
- tty (CDF Run Il Preliminary)
il tty (Theory)
;: Il ‘ | [ | E | | | | l L1 1




Model-Based Searches




Gaugino Pairs

Production of y,*x,° pairs
Low cross sections (0.1-0.8 pb) but
BR into three leptons is high

Require three leptons or two leptons
plus isolated track (t,.4)

* 5 categories (# loose leptons)
MET > 20 GeV and N;,, < 2

as00 generated
4000
o Lepton Pt
3 300 M,=60, M, =190, tan(3)=3, A,=0, 10
é 2500 — Lepton 1
E 2000 [0 - Lepton 2
1500 ™
: =5 Lepton 3
500
El._v AR A e v = e
0 10 20 30 40 50

0 70 80 90 100
Generated Lepton E; (GeV)

MSUGRA mass spectrum
PYTHIA + ISASUGRA 7.51 samples for
acceptance

llllllllll”Hlllll]l]l]ll]l]Illllllllllllllll”
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J— BR('/_QE.‘ — 21+elu)

1 L L1 l L1 l -
100 110 120

L1 l L1 1 l - — l 1 L1
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Chargino Mass (GeVic’)




Dilepton Control Regions

Test background modeling in

high-statistics dilepton control
regions

DY, tt, WW, ZZ : PYTHIA
WZ : MadEvent

CDF RUN II Preliminary [ £dt = 2.0 fb=! : Search for )”{f)“{g

MET

76 106
hi 1Zhi Zhi 1Zhi
15
10
lo 1Zlo Zlo 1Zlo
MASS
1z Z !

CDF Run Il Preliminary,ILdt =2.0fb" Search for X’it X’g
P
% 10 E_ —— Data
o =
% 103 ;_ . Drell-Yan
cE E 4
E - . Dibosons
Z10? L
10=
E

40 60 80 100 120 140 160 180 22’00
Invariant Mass (GeV/c")

CDF Run i Preliminary,J Ldt =20 fb" Search for Xil_ X};

B ant

o 10

] . —— Data

:2 10° Z win d ow . Drell-Yan
$

% . Dibosons

10?

T

0 20 40 60 80 100 120 140 160 180 200
Missing E; (GeV)



Trilepton Control Regions

Further test backgrounds in trilepton
control regions

In three-lepton channels, PYTHIA DY
background is really DY + FSR photon
(ISR photons are ‘fakes’)

In dilepton+track, PYTHIA DY weighted by
data-driven isolated track rate

CDF Run Il Preliminary, | Ldt = 2.0 b SG&I‘Ch fOl‘ 'Xvit i’g

NEvents / 8 GeV/c?

IIIIIIIII|IIII|[II[|IIII|II

CDF RUN II Preliminary f Ldt = 2.0 fb~! : Search for \T‘lt {3

MET 76 106
hi Zhi
10
lo 1Zlo Zlo 1Zlo
MASS
LY 4 Z !

ttt, MET<[10 GeV

——

}
1
'

1l M
20 40 60 80 100 120 140 160 180 %00
Highest Invariant Mass (GeV/c")
- d

2

T IIIIIIII

NEvents / 16 GeV/c?

-
o

T IIIIIII|

T IIIIIII|

Search for 3,

V —s— Data

- Drell-Yan
- Dibosons
[

. Fake lepton

ttT, MET<10

20 40 60 80 100 120 140 160 180
Highest Invariant Mass(GeV/c")



NEvents / 10 GeV

10

102

Trilepton Results

CDF RUN II Preliminary [ £dt = 2.0 th~! : Search for Y3

Channel Signal Background Observed
3tight 9.25 + 0.13(stat) + 0.20(syst) | 0.49 + 0.04(stat) + 0.08(syst) 1
2tight,lloose 1.61 &+ 0.11(stat) £ 0.21(syst) | 0.25 &= 0.03(stat) £ 0.03(syst) 0
1tight,2loose 0.68 + 0.07(stat) + 0.09(syst) | 0.14 + 0.02(stat) + 0.02(syst) 0
Total Trilepton 4.5 £+ 0.2(stat) + 0.6(syst) | 0.88 £ 0.05(stat) 4 0.13(syst) 1
2tight,1Track 4.44 + 0.19(stat) + 0.58(syst) | 3.22 + 0.48(stat) 4 0.53(syst) 4
1tight,1loose,1Track | 2.42 + 0.14(stat) + 0.32(syst) [ 2.28 4+ 0.47(stat) + 0.42(syst) 2
Total Dilepton+Track 6.9 £+ 0.2(stat) £+ 0.9(syst) 5.5 + 0.7(stat) + 0.9(syst) 6

CDF Run Il Preliminary, I Ldt=2.0fb"
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MSUGRA Interpretation

CDFRun I Preliminaryj Ldt=2.0 fb" Search for Zfi:

Theory cross section times BR from PROSPINO2 +
ISASUGRA 7.75

- . o
Mass limits on ;* and exclusion in m,,, vs m,

m, , (GeV/c?)

Excluded Region in mSUGRA Search for i:i:
240
— CDFRunll Preliminaryf Ldt=2.0fb" | Excluded at 95% C. L. _
230—mSUGRA tan(p)=3, A,=0, 1>0 ' i
- " 5), mG ") ( Sl LEP direct limit ]
— m(eg), m(pg) > m(z) s ]
— » >, .
220~ miz) PSRN :
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200 ]
190/ E
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120 140
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20 40 60 80 100

a o
(=] (=]
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140
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100
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“BR(3 leptons) (pb)

1

o1
=3

PRI R

Theory o, ,xBR
-------------- 95% CL Upper Limit: expected

- Expected Limit+ 16

Expected Limit+2c
95% CL Upper Limit: observed

mSUGRA m,=60, tan(§)=3, A =0, (1)>0

o b e b e Py

110 120 130 140
Chargino Mass (GeV/c?)
c imi =20 T
DF Run Il Preliminary I Ldt=2.0 Search for XX,
. hEFi;direct Theory o, ,xBR

IlJlIIlJlIIIE\JIII\JIIII‘JIII\JII

-------------- 95% CL Upper Limit: expected

[ | Expected Limit+ 10

Expected Limit+2c
95% CL Upper Limit: observed

mSUGRA m;=100, tan(B)=3, A =0, (1)>0

110

120 130 140 150 160

Chargino Mass (GeV/c?)



Squark/Gluino Production

Pair production of strongly-coupled
sparticles (gluinos or squarks)

Signature is multiple energetic jets and
large missing energy
Three channels : at least 2, 3, or 4 jets

Cleanup cuts on jet EM and charged
fraction to remove cosmics/halo

15 SUSY and Background Cross-Sections

E 1019

L st Signal : PYTHIA+ISASUGRA

= 1511 Bottom
o QCD (fake MET) : PYTHIA normalized in
10° Wiz low-MET region (10’s of millions of events)
107 I

SUSY | \W/Z+jets : ALPGEN+PYTHIA, MLM-matched

o Top e ]
:: ﬁ S Diboson, Top : PYTHIA + NLO cross sections

sle




Squark/Gluino Results

DATA | SM Expected
2 4 jets 45 48 = 17
= 3 jets 38 37 +12
> 2 jets 18 16 =5

events / 30 GeV

10°

10

N, =4 MET>90 HT>280

CDF Run Il Preliminary
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Njet =2 MET>180 HT>330 CDF Run Il Preliminary

777 Diboson
. -
[ top
Z-vv
Bl wWolv
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7/ Tot.Syst.Uncertainty
—e— Data(L=2.01b™)

400

missing-E;[GeV]

50 100 150 250 300

Njet >3 MET>120 HT>330 CDF Run Il Preliminary
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Squark/Gluino Limits
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Gluino-Mediated Sbhottom Production

If sbottom is lightest squark, SM quarks
in final state are b-quarks

Improve S/B with b-tagging

CDF Run Il Preliminary I Ldt=251b"

> 3
) :
O] L ¢ CDF Data
0 i [ EWK Bosons
B 102 E CJToP
g 10 O Mistags MET.> 70 (?-eV
g . [ Inclusive Multijets Two jets with E; > (35,25) GeV
W I Two b-tagged jets
10

Top, EWK : PYTHIA + NLO
Mistags : data-driven
Multijets : HF-only, data-driven

T 1 llllll'l

T 1 llllll'l

Used PYTHIA in the past for ‘multijets’,
became too computationally intensive
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Sbottom Results 31
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Stop Pair Production

. . . Reconstructed Stop Mass, B-Tagged Channel

Top dilepton sample is mixture of top/stop? 3 [ ML155Gev | Cormumnmmnn iy g T ]
g 257 M_.=125.8 GeV ]

T M.=43.9 GeV B stop (DILBR=0.16) ]

Assume BR(t"' -> X1+ b) =100% :ﬁ: 20— * - Top (M=172.5GeV) |
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Maximal Flavor Violation

Flavor-violation limits are on products of
mixing matrix elements (arXiv/0711.3193,
Bar-Shalom & Rajaraman)
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No constraints on scenarios with neutral
scalars if charged partner has m>600 GeV

u
(0 0 l\ Produce same-sign top pairs
E=[0 0 0] oo (and extra jets
\1 0 0 ) Cross sections ~0.5 pb each



MxFV Results

Event selection very like top-dilepton
Two same-charge leptons with p; > 20 GeV

MET > 20 GeV
At least one b-tagged jet

Signal model : CalcHEP (LHA files) +
CDF default PYTHIA+TAUOLA+EvtGen
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Z > €8 : ALPGEN+PYTHIA
tt : PYTHIA + NLO cross section
Fakes : data-driven (primarily W+jets)

No excess observed at high Njet
Exclude & > 0.85 for m, ; = 200 GeV
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Conclusion

 CDF is searching for new physics in many channels

* Signature-based searches in unique final states

— High-mass region, combinations of objects, ...
e Searches inspired by a particular model

— SUSY, MxFV, technicolor, LED, leptoquarks, ...

* Many more results than shown here
* No sign of new physics so far

* Monte Carlo simulations of SM backgrounds are working well
* Signature-based searches generally use PYTHIA models as benchmarks
* Capability exists to compare against any model should the need arise



