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« TeVatron status

« Signature-based searches
— from simple objects to complex final states

 leptons-only final states (and isolated
tracks)

* ... + Missing Energy and Photons
« ... + Jets and heavy flavors

— Search for SUSY

 Final remarks and conclusions

antiproton




Particle and Nuclear Physics
T eva t ro n S ta t u S Simona Rolli - Tufts University

« The TeVatron is currently the highest energy o - -1z 1"
runn|ng Colllder |n the W0r|d Luminosity Performance and Projection
— ppbar collider, located about 30 miles west of
Ch'CagO, |L We are here

* 1.96 TeV in the C.M.
— Data are accumulated at fast rate continuously

— The machine and the detectors (CDF and DO0)
are performing very well

» systematic uncertainties are very well under
control

Real data for FY02-FY08

Integrated luminosity (fb-)

Tevatron Run Il pp at s = 1.96 TeV

 Measurements are becoming g oo O brelmibery
very precise -0 200 Preminany
P DO Published
— Top quark mass known with 104 N Theory
precision < 2% -
102 e
« New analyses are now
looking for the needle in the 10 o “
hay stack N +—I
— low cross section E
phenomena 1 Wz w oz ww Wz oz Howw
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Signatures and Physics Objects

Many processes: several signatures

Leptons-only final states

= When a signature-based approach is
advocated, final results are generally
o interpreted in terms of specific models (typical

case dilepton searches, MET + jets)

When the analysis is model driven and results are
presented as testing of a specific model, there is

=... + Missing Energy and

Photons always a check on control regions, defined in
Wealth of models and exotic terms of the process signature (blind analyses)
processes
Need accurate understanding of
detector effects The two approaches are usually
=... + Jets and heavy flavors pursued in a balanced and
= More complex signatures complementary way

= Maintaining high S/V B
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Signature-based searches

Open searches, final states are analyzed for anomalies when
compared with the SM

Mass bumps searches

*Multi-objects final state (low background)

*Global Searches

|dentification efficiency, detector effects and systematic
uncertainties need to be very well understood.

The analysis might not be optimized for the latest theory model
available but it might be general enough to exclude several
other models.
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Dilepton final states

5T —
Old-fashioned mass bump hunt.. e n |
g

\

i

-Z production and decay into ee/uu precisely measured
-Lepton ID/Reco and Trigger efficiencies high and very
well understood

-Background low and easily determined (QCD fakes)
-Clean events

The most significant region of excess for an e*e" invariant
mass window of 240 GeV/c? (CDF)

“iac L=25f 2.5 standard deviations above the SM prediction

gj T=data Excess is monitored (data period) Cross-check in muons
E [ ]Drell-Yan o

| maco DO does not see any deviation from SM

[l Other SM
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- -
Testing different models

Once the data spectrum is well understood in terms of SM background, from MC, the
acceptances for resonant states for different spin particles are derived (Z’, RS Graviton)
and the expected number of BSM events is calculated.

In the absence of an excess of data, 95% CL limits on production cross-sections and
mass of the particles are set.
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S
Z’ searches in dimuons

CDF has a new result out searching for bump in the X—uu
final state: no excess is observed.

fL dt = 2.3 b’

- Data
10— Total background FJ*,_
B Drell-Yan 1. H
- Hadron fakes . e
- Cosmic Rays ™ e

D@ Run II, 246 pb' b)

I

o Data
w— SM Background
3 300 GeV RS Graviton

events /(3.5 Tev/c?)"
|

Events / 24 GeV

WWw ) ‘%
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Dijets final state
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Another mass bump hunt...

* Choose events with two high-
p. jets with rapidity less than

1.0. Look for an excess in the
dijet mass spectrum for
masses above 180 GeV

* Possible signals include
excited quarks, W', Z', and
Randall-Sundrum gravitons

* Find functional form of of dijet
spectrum in pythia and herwig,
fit to data. Look for “bumps” in
the data minus fit plot

(Data - Fit) / Fit

* No significant resonant structure is observed, so limits are set

on various models

dc / dMjj [pb/(GeV/c’)]
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CDF Run II Preliminary, 1.13 fb™"
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* Excludes (at 95% CL) excited quarks from 260-870 GeV, W'
from 280-840 GeV, and Z' from 320-740 GeV

CDF Run 11 Preliminary, 1.13 fb™"
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Dijets angular distribution

S o1 —e— DO preliminary
Dijet angular distributions is measured in bins of dijet ) W — Standard Model
. -8 0.05 Fr === Quark Compositeness
mass: s L 10.25 <M;/TeV <03 A=2.0TeV (A=+1)
* First differential cross section measurement at g o1fb, | ADD Lg. Extra Dim.
rtoni ies >1 TeV! - L M.=1.36TeV (GRW)
partonic energies . 0.05 § - - TeV' Extra Dim.
» Small experimental and theoretical o B S5 S NTRY E D M=1.12Tev
uncertainties. 0.1 Wz
« Sensitive to New Physics (95% CL limits): 005 F* & -
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Lepton+y final states:
Excited leptons

- i At Tevatron, €' /u* can be produced
gnbcfeg a‘;clon of_e>|ﬂ<|uted sfi_:ateshof quarks via contact interlz;_ctions or gauge
ptons might confirm the mediated interactions

hypothesis that they are not elementary

particles , but composite states : >©<< a >“*<<

— 400 . No ClI
CDF Run Il rL -dt =371 pb”’ e 10 g 1/ == Og (//: f me') (GM)< Interactions
g 1 05 Contact Interaction Mode7 % . S _ gg: 2 A ; :n%zv)
—~ . o 10 : A\ | —— Og (A=3TeV)
I:\L 10 —— A=M,. Theory T : { o oq (A =5 TeV)
. a —— Expected Limit — D@ obs. limit
10 ® 10%
e W 1008 N D@ exp. limit
m 10’ 0 N L CPF ob§. limit
> o g O\
o :
1 100 8 W%
10" | 1 200 400 600 800 1000
'\-\._
02| 853 GeV — \ ] m,. [GeV]
100 300 500 700 900 »

M. (GeV)
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Diboson resonance searches: Zy

D@ (X = Zy = ee/uu y): no significant excess

Scalar [Vector] X
o-Br(X—-2Zy) < 0.19[0.20] pb (Mx =600 GeV) < 2.5[31] pb M, = 140 GeV)

o~ 3 S‘ 10 = -1
Q Q. i D@, 1fb
=~ -1
> DO, 1tb oy " | ’ .
Q > B = QObserved combined electron+muon channel limit
O N - == Expected combined electron+muon channel limit
; 1 i B : 1sd band
— ] .
c o — e Data L [ J]+2sd band
q>, - = - Z+jet background 8
wl ---- SM Zy background w 1
S
&== Sum of backgrounds o
m
>
1 o
KJ
..... a=— 10.1 A A A A A l A A I I A 4 I l A
ol i, PSS 200 400 600 800
100 200 30 400

Mg a0 [GEV/C?]

M, [GeV/c?] .’
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Diboson resonance searches: WW/W/Z croeremmsimesy

CDF (X->WW/WZ-evjj): no significant excess

= set limits on W', Z', RS graviton

M, & (284,515) GeV M, & (247,545) GeV M. > 607 GeV (k/Mp= 0.1

CDF run Il Preliminary 2.9fb™

-]
c C
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Diboson resonance searches: ZZ
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CDF (X=ZZ-IlILIjj; 1=e,p):
newly-improved forward track reconstruction
more efficient muon identification

no significant excess

EVENTS / BIN

107

COMBINED FOUR LEPTON CHANNELS
CDF RUN Il PRELIMINARY
L =25-29 FB"
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CDF Run Il Preliminary 1015-1100 pb'1

vy +e Search

Nominal high E; object identification and kinematic 4
selections are used.

The observed event counts is reported as well as SM
prediction for various kinematic distributions

—e— Data

Fakey ore

. Zyy + Wy

Search foryy + X, X =1

Events per 20 GeV
N
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_,

Y
* Very exotic SUSY models : \ o VWXX
— hidden valley dark photons.. \\\\\220 i %

— Axions decaying into muons ; ZCN Y\ )

— Hidden-state Y cascadying to dark photons ff 5

« Signature:Two spatially closed leptons (no Iso), MET and y

S — 2.5 A e .

. g : | D4l ]

g vo 2 __ i? = Excluded region _—:

-: é_ ': -.-;f; === Expected exclusion N

3 1‘5 :- .{' % Diphoton search excl :

] - 3y ;

b L T = E

1 osf =

(GCV) m (Gee) :.1...;.....1...1...‘1'*."'.—'.|'...|...|...1...~
my Y, 120 140 160 180 200 220 240 260 280 300 320

chargino mass (GeV) 16
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Single jet/photon + MET: LED

A Kaluza-Klein graviton is produced in

association with a jet (or photon). The 10" o presicion
graviton escapes detection, leaving a E e
) . . % 1 CDF Il Preliminary (1.0 fb'1)
monojet (monophoton) signature in the gg Stor.
detector 2
&

@

T T T T T 7100 150 200 250 300 350 400
b Missing E; (GeV)
............ CDF Run Il Preliminary ~ _|

-
(=2}

W CDF Jetly + &, -

— LED n =4, M, =870 GeV

—_——
> >
= 14 —CDF y+§; 20 | 8 22F
- B CDF Jet +E, (1.1 b b) o 20F w DG Run Il preliminary 2.7 fb'
€ ---- LEP Combined | @ 18 —-data
S 1.2 S 16 WZ+y
— o 14 W - ev
o " Inon-collision
g [ Imisidentified jets
- W+y
(@]
=

+

250 300
Photon P, [GeV] 17

2 3 4 5 6
Number of Extra Dimensions



Jets+MET final state:Leptoquarks =

v The analysis is a counting experiment examining two different kinematic
: " regions (each region being more sensitive to different models).
Uns /\ Cuts are not optimized for a specific model.

T Jet Main backgrounds: MET

g A A

O v nv -Z — vv + jets (irreducible background)
ns ..
\ -W — /v + jets (with charged lepton lost)
) Jet —Residual QCD and non-collision backgrounds.

100

80/ ’
CDF Run Il Preliminary, 2fb™ -

Data driven prediction

Background 125/80 225/100
Z— vy 777 + 49 71+12 Cross-section limits for 1st- & 2nd-gen leptoquarks (95% CL)|
W - v 669 + 42 50 + 8 3"
W — v 399 + 25 33:5 § 0 I
W-ev 256 = 16 14+ 2 g10° —n=2M,
S E —— 95% limit from data
Z- |l 29+4 2:0 S - - - - 95% a priori limit
QCD 49 + 30 9:+9 0
y +jets 55+ 13 5+3 -
top 74+ 9 1M1+2 1=
non-collision 4+4 1+1 B CDF Run Il Preliminary (2.0 fb™)
Total 2312 = 140 196 =+ 29 o T IR T I [
40 60 80 100 120 140 160 180 200 18
Observed 2506 186 Leptoquark Mass (GeV/c")
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Other Leptoquarks Results

DO Run Il Preliminary, 1 fb’'
) [ Theoretical cross-secti
80250 greludei | - Theoretical cross-section for u=0.5M,
™ [\ previous analysis| | _........ Theoretical cross-section for ;1=2MLQ
Xm - 7 -1 ——a—— Expected limit
g 0.2 __wfth L 520h ——e—— Observed limit
0.151=
0.1
0.051 '
o-l 1 l 1 1 1 l| 1 1 1 l 1 1 1 l l- 1 1 ) I.T.lh;_'ﬁ
220 240 260 280 300 320
M., (GeV)
_-5-10 LQ3LA3- btbt 95% CL ox p[pb] limit .vs. LQ3 mass l_l ........
IE.- g =:=:@:=-= exp. limits (single- and double-tags combined)
N@_ ~———e—— 0bs. limits (single- and double-tags combined)
é NLO cross section (B=1)
S S N |:| Error band (B=1)
o _________ lower edge of error band (p=1 '0‘5":@)
X
o 1
(=] ¥
L N
T N
SO SN
CDF Run Il Preliminary,198pb R
AT T R A L=1.05 fb™ A A Al A B
10 120 140 160 180 200 220 240 10" 920740760 180 200 220
Leptoquark Mass (GeVIcz) LQ3 Mass [GeV]
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Search for Supersymmetry

« SUSY is a very popular extension of the SM... Partifes\

— It solves several open issues and provide an elegant 3
description of bosons and fermions

d .

oet

Supersymmetric
"shadow" particles

60
1
50
40
-1
@ 30

20

hep-ph/9709356

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

 On the other hand...

— Full set of new particles with constraints on their
masses (TeV scale)

. . . . Names spin | Rp | Gauge eigenstates | Mass eigenstates
Various signatures with access to a wide g bosons | 0 | +1 | mOEVH, H, | AV H0 A HF
ﬂL ‘&n dL. du same
phase space squarks | 0 | -1 | & & 5L bn same
. . fr tr by, b £y &5 by by
— Multileptons final states P same
Jets and MET sleptons 0 -1 [1—, i.:L}f 17“ -sa~me.
- TL TR Vr T1 T2 Vr
neutralinos | 1/2 | -1 B W° H) Hj X3 x93 %3
— MET and Y charginos 1/2 | -1 W+ H; H, Xi Xa
gluino 1/2 | -1 g same
- HeaV ﬂaVOT'S goldstino 1/2 | -1 G same
/

MSSM particle spectrum

20
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Very clean signature: I
: ) 7.
* 3 isolated leptons g 7 ~ |
* Fr due to undetected )2(1) and V W i
= ‘ 7'1;
q P4 |
w* .
Challenge:
* l[ow cross section: Search Strategies
o x Br < 0.5 pb CDF:_l * 3 identified leptons (e, M)
* very soft 3™ lepton pr 2007 « 3 identified leptons + track (/)

D@: 2 identified leptons (e, 4) + /

T b3ty fand (1 d e

* "low"-pT vs "high"-pT search

N N
3 ¥
=

Tri-muon events

Background is reduced with several

v w s w o wow e o get of kinematical cuts: inv-mass cut, diboson (WW,W2Z)

p;(GeV/c) of three leptons lepton (track) pr cut,ﬁ:r, Mr, A® between leptons, Drell-Yan W — (v, tt
number of jets... , 21




SUSY in Trileptons (cont'd)
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Search for (i} {'_:

COF Run Il Preﬂmlmry.det =20M"

3

NEvents / 2 GeV
—
o

10°

100 120 140 160 180 20(
Missing E; (GeV)

Control regions in MET vs M,, phase-space

# Signal region is investigated only after
validating backgrounds in control
regions (a blind analysis)

® Good agreement with SM background

DO [ Ldt =23 fb™ . CDF [ Ldt=2.0 fh—1
Background Data Background Data
low pr 5.4+0.6 9 Trilepton  0.88+0.14 1

highpy 3.3+04 4

Lepton+track 5.5+1.1 6

Data compatible with SM

Set limits in the mSUGRA model

3
¢ 300

m,, (

250

200

150~

Benchmark scenario:
A’=0,tanB=3,u >0

" DO, 2.3 b’
~mSUGRA
tanf = 3, A0=0,u>0

B

<
¢

-
-
-
=
b
-
b

Search for 7%, h
B DO observed limit
B DO expected limit -
— CDF observed
limit (2.0 fo™")

-
-
—
-
~

-

N LEP Chargino Limit _
X | -

PR PR U
100 150

200250 29
m, (GeV)
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Sneutrinos in e+u/t final states

R-parity: Rp = (—1)%9(—1)3(8-L)

» R-parity violation: automatic generation of neutrino masses and
mixing... single sparticle can be produced )
3

d(py) > v <
Very clean signature: d(p,) W' (pa)

® 2 hard isolated leptons p—

* typical signal acceptance: 5 to 15% 1o
1F
Search Strategies -
CDF: ¢ 1.0 fb"! o
® 3 Channels: eu; uT; eT 100 200 300 400 500 600 700 100 200 300 400 500 600 700
Invariant Mass of ey (GeVic") Visible Mass of er (GeV/c')
D@: ° 4.| fb-l :%_DG,:M fi5' preliminary
E * d .
* only one channel: ey L o D2 places limits on ~ Asi for
8 2} B diboson several values of A3 depending
© b — ttbar on the stau mass.
3 BE [ wsjetry S
AN | — signal (M_ =100 GeV) CDF places limits on the stau
3 mass. Updated limits underway
3 (using more accurate theo.

predictions). 23
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In gauge mediated SUSY breaking models, SUSY is broken in a hidden sector.
The breaking is communicated to (s)quarks, (s)leptons and Higgs(ino) via
gauge bosons and gaugino interactions.
Special features:

- gravitino is the LSP Pp e( X e) X01 X01 ‘ 2y +/ET

- NLSP is a neutralino or a slepton

- NLSP can decay early enough to occur in the detector volume
- If NLSP = neutralino, one has: X — G ~

vy+§_in GMSB CDF Run Il Preliminary, 2.6 b’ a
™ {|{| EITI LA AL L L L N L L L B | yl UL g D@ 11 fb" — NLO cross-section
0 e e (o) ~ = observed limit
10° %4 lifetime=0 ns — PR . . G expected limit
E ---- expected limit and 1o stat. variation J o B expected limit + 16
C — observed cross section limit 7 10°E expected limit+ 2 o
L ¥ production cross section |
§ L -
S — — n | A 1 " 1
N 10%F 3 10 100 120 140
C ] - m [GeV]
C 1 20000 F ssrascws escahoaa el
R N | 180 200 220 240 260
__________________________________________________ m,. [GeV]
= | el | IR AP I LT IS I AT e
10 — — 70 75 80 85 90 95 100 105 110
ol ! ! 3 A (TeV)

-
nH—

| - 1111 | - I 11 1 1 | | - I 1111 | | I 111
70 80 90 1 20 110 120 130 140
)21 mass (GeV)

0
24
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Squarks and gluinos: jets +MET =

q 9
q
q
q
= q
g9 -
q9
q’
=~ O
q X1

Result: 4 jets and MET Result: 3 jets and MET

Result: 2 jets and MET

>3 MET>120 HT>330 CDF Run Il Preliminary

1
2 Although the production is strong, the analyses are challenging
due to QCD-multijet and W/Z+jet backgrounds

a(L-201")
on QCD Bikg

" Tri jet Analy5|s— aco.

3" :wm
@Solution: break-down analyses in jet-multiplicity bins and E o o
optimize separately (using MET and HT<—Sum of jet E,) 5
0500 t:iussinzoﬁr[gV] 300 350
DO,PLB 660, 449 (2008), £L=2.1fb""

CDF Run |l Preliminary, £ = 2.0 fb!
B Nl 5T = -
GeV) (GeV) (GeV) | (Gev)
Dijet 35,35 11+1+43/2 11
Trijet 375 175 35,35,35
4jet 400 100

Dijet

165,100 165 18
140,100,255 37+12 38
95,55,55,25 48117 45

25

11+1+3/-2 9

Trijet 330 120
35,35,35,20 18+1+6/-3 20

4-jet 280 90
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Cross Section (pb)

0.3 T DL L B N B . . A
: my=25, A =0, tan(§)=3, h<0 CDF Run ii Preliminary L=2.01b
0.2 == %o 600 ] T 7T
:Z —o— Observed limit
: & Expected limit B cbserved limit 95% C.L.
0.1F
= ===+ gxpected limit
E (a) Aoq. tan(i=5, <0
- D@, L=2.1 fb
320 340 360 380 400 420 440
Squark Mass (GeV) 400
5\0.4 ET T L0 L L SR S B NA
¥ 3 m=m,, Ao=0’ tan(B)=3, u<0
"’0-35 _O-NLO 0
c = c—
o 3 —e— Observed limit >
5 0.2: --a-- Expected limit @300
T} E
o C o
3 B L
© 0.1 (-2
S I (b =
D@, L=2.1 fb™ 200

UA1
[UA2]
[bo13

CDF IB

no mSUGRANY |+
solution

320 340 360 380 400 420 440
Squark-Gluino Mass (GeV)

= 2E T T T T T Dﬂ, L=2.1 fb-1 S
215F mg=500, A,=0, tan(f)=3, u<0 100 tanB=3, A =0, u<0 ]
- = “NLO
.§ 1E - Observed limit =
8 L - Exproctod fimk 200 300 400 500 600
@ 05F Gluino Mass (GeV
g 0
© f( EN 0 100 200 300 400 500 60(
- D@, L=2.1 fb" M- (GeVIcz)
q

240 260 280 300 320 340 360
Gluino Mass (GeV)
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Search for sbottom from gluino decay
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If the sbottom is significantly
lighter than the other squarks,
the two body decay of gluino
into bottom/sbottom is
kinematically allowed

The analysis is optimized for 2 points in the

SUSY parameter space:

Large Am between § and b

M(g) = 320 GeV/c2, M(b) = 250 GeV/c2, M(¥) = 60 GeV/c?

Small Am between § and b

M(g) = 300 GeV/c?, M(b) = 280 GeV/c?, M(¥) = 60 GeV/c? i

Events

N

In the signal region a further optimization
is performed using a neural network
output

,./\/{1
- L
b, . Tl
\.’ _,..

\ b
I

CDF Run Il Preliminary f Ldt=257"
10 [ Two inclusive b-tags

- — Signal M(G)=335, M(b)=260

-« CDF Data

 (ZX EWK BOSONS
8 Top

| [ Mistags

L [ Inclusive Multijets
6
ar
2r
0-....|.. JEE L
15 1 05 0 05 1 15

NN Output

The sbottom decays into a
bottom and LSP, giving

rise to a final state with 4
b-jets and missing energy

CDF Run i ILdt=2~5fb"

Observed 95% CL limit
Expected 95% CL limit

350 .
- bb (100% BR)

g
- b b, (100% BR)

[ M(3) = 60 GeV/c? /
300 |- M@ = 500 Gevic® &4
. QO ..o'
=
\\o'b_ “

Sbottom Mass (GeV/c?)

s
s
s
-
S
o
o
S
—
-

D@ Run 11 310 pb”’
Sbottom Pair Production
Excluded Limit

CDF Run | excluded

1 1 l A1 1 1 l A4 1 1 ' L1 1 1 l LA 1 1 l -
00 200 250 300 350 400

Gluino Mass (GeV/c?)
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ry -+ ~0 i
If stop light enough, m[t] < m[t], several Lt —=bxy —bluxy (mer <mi)
interesting decays, depending on the 2. +t 5 bl (mg: >my)

sparticles spectrum: 3 o, C)Z?

2. D2 1.0 fb"': ee, epl.

I. CDF 2.7 fb~': dileptons (e/p) with requirekhight pr isola;eg leptons,
one isolated lepton, F, high pr jets, b-tagging. b, use inematics and b-tagging
. . . (for ee) to disentangle signal from
reconstruct the stop mass with a kinematic fit. b
- ) ackground.
ti1t] — bbll vv 520 X'O Signal efficiency ranges from 0.1 to
1Al 0% depending onAm = m; —m;
Reconstructed Stop Mass, B-Tagged Channel 1
> ~ / —
a hl‘=155 GeV COF Run Il Prebminary (2.7 &Y . data ~ T~
: 25 W, #1258 Gev B oo o010 tit1 — bbll vv
& 20 ‘ . Top (M=172.5 GeV) .
* Heavy Flavor > e (f) Inst. Bkg' > : ee (f) |n-SL Bkg.
" = j ‘..,myn’.,'m. éw’- ll')'la' Lt zD/i.b.t;sron ‘;’1 @p  Do.L=1t 2;.§°i°;
. I oo : | Se | =
oo & Wk B S8 —[S)?gt:al A @ i3 ~ giagt:al A
5 _ﬁ—?— ....... §%; ..... Signal B N = Signal B
o . e B
100 150 200 250 NN 43
T Mass (GeV) i W
Cooensil o o el -

. 1 i 1 1 N
100 150 200 250 300 350 400 '050 100 150 200 250_ 300 350 28
S, (GeV) S, (GeV)



Stop Searches (cont'd)
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i1 — bbll v

Observed 95% CL

— ~0 ~0
VX1X1

CDF Run Il Preliminary (2.7 fb™)

(=
o

@
o

> g -
P . -
[ BR¥(7 7 v1)=0.50"\
__/ ' ! ™~

-
o

-
o

AN

=,
BR"(/Z‘ -./,':'\ 1)=0.25 ™\ »

N

Excluded by LEP '\

M(z?) GeV/c?
o (-3 o
o o W

3

i
w

M(Z,)=105.8 GeV/c?

BR(L—»i;b)=1

120 130 140 150 160
M(t) Gevic?

170 180

CDF Run Il Preliminary (2.7 fb")

@© @
o o

-~
o
w

BR(7. -,‘ju):o 50

-~
o

M(z?) GeV/c?
o
o

g

551" BRA(7. -7v)=0.25 "\

50
|- Excluded by LEP
45/

M(z,)=125.8 GeV/c?

BR(f, i, b)=1

135 140 145 150 155 160 165 170

M() Gevic?

176 180 185

Sneutrino mass (GeV)

i1t — bbll DD

140
) DO, L=1fb"
5 --- Expected
120 2
5 5 — Observed
, § '
100{ W
'S
80
60 LEPII
excluded
ao[ LE'P I excluded " i

60 80 100 120 140 160 180 200

Stop mass (GeV) 29



Stop searches (cont'd)

Stops to charm _

ry ~0 %’ 100;_—00 Run 11360 pb™' 4., 7.
t S CX] g - — Observed 6\’\// S
85 80__---Expected ) s
E i &
Exactly 2 jets (E; > 15 GeV) sop
MET > 40 GeV a0l?
- ="LEP 0 = 56°
. . [ | wLEPO=0°
Jets are tagged using a NN tagging 20}
tool [ |\
% 60 80 100 120 140
Final selection is optimized for m. (GeV)
f

Stop and neutralino masses

Exclusion: stop mass <149 GeV/c? for

m; Hy S Observed Predicted i
neutralino mass of 63 GeV/c?
95 — 130 = 100 < 260 83 85.3 4 1.871%7
135 — 145 = 140 < 300 57 300416750
150 — 160 = 140 < 320 66 66.6 £ 1.177),
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Searches for CHAMPS

Charge Massive Stable Particles (CHAMPS) are predicted by several
extension of the SM. The could be stau and/or charginos (GMSB, AMSM)
or stop.

CHAMPS may appear as “slow” moving highly ionizing and highly penetrating

particles (muons).

Striking signature: isolated high PT muons, with possible calorimeter deposition
-DO (1.1fb"") uses timing in the muon system to measure the speed while the
dimuon mass provides discrimination
-CDF (1.03fb") uses the TOF detector to measure the mass and sets a limit on the
stop mass - long TOF and large dE/dx

CDF Run 2 Preliminary

R
10
H M . R ~— Stop production cross section (NLO)
LI m Its' ( DO) 10 \ (b) Dg 1 1 fb1 ! A Exp‘::hd Cross section limit from central u
~ ®  Observed Cross Section Limit g |
- . 141\ 71 — Expected Cross Section Limit & |
T . no~senS|tIVIty '8_ 1 . T Htg gross gecuon Eredmon é 1 I Ldt=1.03fb"
~ + h I. = ross Section Uncertainty 5
- X - lke 'R'- . ® L
1° ir g |
g
m.~ > 171 GeV 710 N O10}
X1 = .:
- gaugino-like o 107 00120740160 180 200 220 240 260
X 1 ’ - Stop Mass (GeV/c?)
-3 J 1 H .
mg+ > 206 GeV 1050 100 150 200 250 300 Limits: (CDF)
1 Charged Gaugino Mass [GeV] 31

m;z > 249 GeV



Conclusions
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 http://www-cdf.fhal.gov/physics/exotic/exotic.html
* http://www-d0.fnal.gov/Run2Physics/WWW!/results/np.htm
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Year2002 2003 2004 _ 2005 2006_2007 2008
Montht_4 7 101 4 7101 47 147101 7101 4 10

The TeVatron is doing very well!

—
(=3
(=]

Luminosity Profile

Data-taking Efficiency (%)

Year2002 03 o4 2005 006 2007 2008 %

Mnntlll 4 7 II] 1 4 7101 4 7 l 4 7101 Tll]l 4 10 20 e
-~ 1 e ke 2)%totre eff‘ iciency

. store aver:
&5["} I 0 L y 1 : 1 |- 1 age
E.!l’.]l]l’.} 1000 2000 3000 4000 5000
8 I Store Number

‘EIS{"} 100%

20% 89%88% 89% 8388488988968 %gg aen, S0%emsll”
n—'ll(l]l'.} I loggs sen Y e B::“ .51 b aw;s:-\ el B5%
E - 821g2! \sz‘ B2 B2% nf'ﬁ
21500 7 e
— %

lm“ B > ew‘
- Delivered | % i
3001 To tape | g ™
':], 1 1 - $1%044
1K) 2000 UL 4000 S(HHY
Store Number v FS
Delivered Lumi. > 3.6 fb! o
Good for analysis ~ 3. fo'! o ALLLLLLLLURARANRL TLRLARRLY 1] AL :
Apr- Jul- Oct- Jan- Apr- Jul- Oct- Jan- Apr- Jul- Oct- Jan- Apr- Jul- Oct- Jan- Apr- Jul- Oct- Jan- Apr- Jul- Oct-
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. . . . Particle an Nuclear Phyics .
Lepton EffICIenCIeS s Rolli - Tufts U ty

e Compare "typical” high-pt (>20 GeV) isolated
lepton efficiency and fake rates

Lepton Efficiency Fake Rate
electron ~80% ~(0.01%
muon ~85% ~(0.01%
tau (box cuts) ~45% ~1-0.1%
tau (neural net) ~80% ~5-1%
= ‘Tau fake rate
off * Fls o



Jets and Heavy Flavor

Hadronic jets are reconstructed using several algorithms:
Cone,Midpoint, KT etc..

Measured jet energies are corrected to scale them back to the final state particle level
jet . Additionally there are corrections to associate the measured jet energy to the
parent parton energy, so that direct comparison to the theory can be made. Currently
the jet energy scale is the major source of uncertainty in the measurement of the top
quark mass and inclusive jet cross section

g
5
g
i

B-jet identification is implemented via:
-displaced vertices with L, /o cut (CDF)

-Vertex mass separation (CDF)

-combining vertex properties and displaced track info with NN (D0O) °
-Tag to 1/'] beyond 2 unc{("rl}’lr‘\g
Tagger event
- —+ NN
= _r 4+ JLIP »
Jet 7 7OC T SecVtx Tag Efficiency for Top b-Jets
g L ] P > 06 -
. s T _—r g Tight SecVix
Displaced tracks E = ) @ 3
W 60 —— @ 05: Loose SecVix
° - ( P [ r
» -1 r L1 g 04
Decay lifetime @)z 501 TEA e 5k
Ly -~ econdary vertex L ﬂé 03
) V. L Az7 %) E
Primary vertex _ =/ 40 02F
o { r o t Top MC scaled to match data
'* -y - F Only b-jets with E;>15 GeV
do" v 30 C
:}/ [ s issna o<mizs P PP TP P TP I B IV I PP b W
Prompt tracks I T N N T 0 02 04 06 08 1 12 14 16 18 2

0 05 1 15 2 2.5 3 35 4 45 jetn 37
Fake Rate (%)



- -
Btagging Mistag Rate (CDF

SecVitx mistag rates

SecVix Mistag Rates

006
E Tight SecVix

s
= Loose SecVix

3
5

mistag rate
[=] o
g 7

co3f
co2f

S 3 Only jets with |n/<1

A Al hedededau o Juu s b a o b a ol i
20 40 60 80 100 120 140 160 180
jetE, (GeV)

SecVix Mistag Rates

Tight SecVtx
Loose SecVix

Only jets with E;>50 GeV

0 D2 04 06 03 1 12 14 16 138 2
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b-tagging efficiency

eIl B
0.9:

0.46[

0.44:9 - -
0.42f data
0.4 = T
0.38Et—

asef- | S

0.34F— $ +pt>1.5

0,32E_—
E

bkl N TP P T T . 0.3
10 20 30 40 50 60 70

+pt>0.5

Ppt>1

$pt>2

0.28; 5067 6,004 0,006 " 6.008 " 0.01  0.017 ¢
: 0 0. X X o .01 0.01 0.014
ET jet, GeV mistag rate

JLIP performance in real Data

|JLIP b-tag in mu-in-jet Datal

>
Q
s 07 ‘ .08
£ 06 ! g
S F | L 3
g 05 =J 207
2 0.4f s

0.3 706

- JLIP <0.5% JLIP < 40%

0.26- -4 JLIP <0.3% JLIP < 20% 0.5
01 - JLIP <0.1% JLIP <1.0%
o 20 30 40 50 60 70 80 90 04
E.{jet) (GeV)

0.3}

0.2j™

e 6 operating points B2

011 A A N -
10° 102 39

light-jet efficiency
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Sensitive to new physics: if no

observation, it can sfrongly mSUGRA at tanf =50

constraint SUSY models Arnowitt, Dutta, et al, PLB 538 (2002) 121
1000

SM prediction:

BR = 3.42 x10°?

SUSY enhancement
~(tanp)¢

e - tan®p w

* Data sample dominated by random >
combinatorial background C 600
E

« Extract signal with Neural Net based discrimina

B, and B, considered separately:
Bs—»up 3 observed events (3.6+/-0.3 exp.bkg.)

Bd-puu 6 observed eventis (4.3+/-0.3 exp.bkg.)

No significant excess = exclusion llp)/ 200
Br(B,~»uu)<5.8X10% @ 95% CL
Br(B, —up)<1.8X 108 @ 95%CL

.
L RN S Y 1 £ ATIREEEES
P
wan?t”
pt®
L L)

s

kllllll -

lllllllllli

BR( B, > up ) <

1.5x107 @95% CL hep-ex/0508058

Comb CDF/DO
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Global Searches at CDF

The goal is to perform a model-independent global search of high P, data:
-study bulk features of high P data; |
-search for resonances invariant mass distributions
-search for significant excesses at high sum-p;

Physics objects are categorized and events selected
and partitioned into ~400 exclusive final states

Pythia and MadEvent are used to implement the
SM theoretical prediction (CdfSim emulates the
detector response)

Many correction factors are used to obtain the
true SM predictions (shouldn’t a global search
work globally?)

theory k-factors etc
experimental efficiencies and Scale Factors, fake rates etc

The whole
high P region
IS monitored at
once

Currently observed discrepancies are explained in terms of incorrect MC modeling
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Global Searches

at DO
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D@ also uses common MC
PYTHIA and ALPGEN
Multijets background from data
Apply common collaboration-wide
scale factors

Can be bin-by-bin or several
parameter functions

Use phase space dominated by SM
processes

Then fit for normalization factors
Trigger efficiencies, k-factors, etc
7 inclusive final states
Exclude high-p_tails

All of the given discrepancies point to modeling difficulties

1200{

1000}~
o T

oo
=3
=3
T

Number of Event:
=23
=3
=

400

»
=3
S

020

DO Run Il Preliminary (1 fb”) |
.

30

4 5 60 70 8 90 100
Leading Electron P, (GeV)

Search limited to final states with leptons
3 basic modeling issues
n-dependent trigger efficiency in u + jets + MET

DO Run Il Preliminary (1 ")

Muon resolution
in pp + MET

Jets misidentified as
photons in y states

501

Entries: 180

Right side
data excess




