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New physics program

 Tevatron collider provides excellent opportunity to search
for physics beyond the SM

e CDF and DO have broad programs directed finding
evidence for new physics: (aside from Higgs, NP related to top)

- Supersymmetry

- New gauge bosons

- Large extra dimensions
- Long-lived particles

- Leptoquarks

- Compositeness

- Technicolor

- Signature-based searches
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New physics program

 Tevatron collider provides excellent opportunity to search
for physics beyond the SM

e CDF and DO have broad programs directed finding
evidence for new physics: (aside from Higgs, NP related to top)

- Supersymmetry

- New gauge bosons Both experiments have recent results
based on 1 fb* or more in most of

- Large extra dimensions these areas

- Long-lived particles
- Leptoquarks

- Compositeness

- Technicolor

- Signature-based searches
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New physics program

 Tevatron collider provides excellent opportunity to search
for physics beyond the SM

e CDF and DO have broad programs directed finding
evidence for new physics: (aside from Higgs, NP related to top)

- Supersymmetry

Will focus on a selection of the
recent results covering some
of these areas

- New gauge bosons <«

- Long-lived particles Can ask questions about any

- Compositeness

_ - Discussed in earlier talk

Rick Snider Search for new physics at the Tevatron 4
May 25, 2007



Searches for supersymmetry

e Supersymmetry (SUSY)

- Provide a possible solution to the hierarchy problem, a natural
candidate for dark matter, stabilizes the mass of the Higgs,...

- Lightest particles might be created at the Tevatron

- CDF, DG have extensive programs to search for evidence of SUSY
» Standard signatures with good sensitivity to SUSY decays

- Chargino/neutralino: Tri-leptons
- Squarks/gluinos: Jets + missing energy
- Stop/sbottom: Jets + missing energy + B-tag

* Stable particles (although more broad than SUSY alone)

- Charged and neutral
* Indirect searches via rare decays

- Bs —
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Searches for supersymmetry

e Supersymmetry (SUSY)

- Provide a possible solution to the hierarchy problem, a natural
candidate for dark matter, stabilizes the mass of the Higgs,...

- Lightest particles might be created at the Tevatron

- CDF, DG have extensive programs to search for evidence of SUSY
» Standard signatures with good sensitivity to SUSY decays

- Chargino/neutralino: Tri-leptons
- Squarks/gluinos: Jets + missing energy
- Stop/sbottom: Jets + missing energy + B-tag

* Stable particles (although more broad than SUSY alone)

- Charged and neutral

~— Discussed in earlier talk
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Chargino/neutralino search

e Minimal SUSY models

- Lighest neutralino, chargino are lowest o
lying mass states A

e Lightest neutralino is LSP a

e Search for associated production of
chargino + neutralino

- Slepton/WZ-mediated decay channels:

* Final state = tri-leptons + lightest neutralino
* Neutralino escapes undetected
- Missing energy
- Very clean experimental signature

* Considerable effort in both experiments devoted to tri-lepton searches
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Chargino/neutralino search

 Basic strategy:

- ldentify two good electrons/muons + loose lepton ID for third

* e.g., Lower Pt requirement, allow isolated track (includes hadronic taus),

drop requirement altogether

-~ Many different analyses

- Main background: di-bosons, Drell-Yan + conversion

e Study background in control regions
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Chargino/neutralino search

* Observed data consistent with expectations from

background
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Chargino/neutralino search

* Each experiment combines results from all channels
e Set limits using mMSUGRA-inspired MSSM model

~ ~0 ~0 .
m(X;) = m(X,) = 2m(X;), no slepton mixing
Maximal 3-lep BR (3-body decays only)

MSSM: tanB=3, >0, M((o)~M (31)~2M(%1); no slepron mixing
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BR dep mainly on slepton, chargino mass
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Squarks and gluinos

* Pair produced via qq, 99

- Large production cross sections if sufficiently light

- Squarks corresp to light quarks tend to have similar masses
 Decay signature

- Jets (acoplanar) + missing energy

- Search for signatures consistent with lighter of squark, gluino
 Large background from QCD, W/Z + jets

- Similar strategies, variables used to optimize signal sensitivity
* Njets, Et, MET, Ht (scalar sum Et), angles between jets, multi-jet mass
- Selection differs across mass range of interest.
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Squarks and gluinos

* Observed events consistent with background
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Squarks and gluinos

e Set limits within mMSUGRA framework

- Exclude gluino < 309 GeV (any squark mass)

- Exclude squark < 391 GeV (any gluino mass)
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Stop and sbottom

* Strong mixing due to large Yukawa coupling
- Can be light

- NLSP in large region of mSUGRA parameter space
 Pair produced. Decay mode depends on mass.
- Searchint - cx’andb - b %’

- Similar analysis to that for generic squark, except add B-tag

. Optlmlze select|on for three mass ranges
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Stop and sbottom

* Observe no excess over expected background
- Set limit in M(stop) vs. M(X?) plane

CDF Run Il Preliminary (295 pb'1)
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Stop and sbottom

* Observe no excess over expected background
- Set limit in M(sbottom) vs. M(x}) plane

CDF Run Il Preliminary (295 pb'1)
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Long-lived particles

* Various models predict long-lived massive particles due to:
- Weak coupling (e.g., NLSP in SUSY models with GMSB)

- Kinematic constraints, barrier (e.g., chargino in SUSY with AMSB)

- New symmetry (e.g., gluino in split-SUSY, LSP stop in ED models)
e Can be charged/neutral, decay inside/outside detector

 Several searches performed
- Charged (CHAMP)

* Escapes detector, looks like a slow muon
- Neutral

* Decays inside detector

- Delayed photon
- Delayed jets
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Search for CHAMPs

 Long-lived charged particles

- Lose energy primarily via ionization (+ low
energy hadronic interactions if colored)

* Highly penetrating: reconstruct (and trigger
detector) as muons

- Distinctive signature

* High Pt, low velocity, highly ionizing “muons”

e CDFsearchinlfb!

- Measure velocity (B) via TOF detector
+ timing from tracking detector

- Calculate mass from momentum and 3

- Study resolution function

* W electrons and muons in control regions

. 140 GeV Stop

200 GeV Stop

e
N
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=]
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150

Reconstructed Mass (GeVIcz)

CDF Run Il Preliminary (1.0 fb™)
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Search for CHAMPs

CDF Run Il Preliminary (1.0 fb™")
T T T T | T T T T | T T T T

e Observed events consistent i [ Centrali. p, >40GeV | |
. = . Background Prediction =
with expected background . I g

O 10
* Set model independent limits 3 |
g 4L
- For fiducial CHAMP (at 95% CL) -

* Strongly interacting: ¢ < 48 fb 10'1;—." s

0 50 100 150 200 250 ) 300
° Weak|y interacting: c< 10 fb Mass from track momentum and Bror (GeV/c)

Relevant to some R-hadron, stable chargino
 Set limit on stable stop squark
- M > 250 GeV at 95% CL

Rick Snider Search for new physics at the Tevatron 19
May 25, 2007



Search for CHAMPs

DO search for long-lived chargino in 390 pb™

- Use timing information from muon scintillators

* Select candidates based upon _ D2 Run Il Preliminary
speed significance Ste00p-

8 T
= 1400
2 r
11200

— Data muons
----- 100 GeV staus
300 GeV staus

1000

800

600
400

200

c:| 1

- Observe no events, expect 0.69+0.05

e Set limit on mass of gaugino-like chargino > 174 GeV at 95% CL

Rick Snider Search for new physics at the Tevatron 20
May 25, 2007



Search for delayed photons

* CDF search for late photon + missing energy + jet

e Benchmark model

- Neutralino lifetime in GMSB models is free parameter

e Could decay far from interaction inside detector
- Chargino+neutralino associated production

* Gamma from neutralino Xt /CDF Galorimeter
* Missing Et from gravatinos Y
. t
* Jet from chargino decay PromptY o
X1 ’é
F_’ ()_(T'ti) P
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Search for delayed photons

* Measure photon arrival time at calorimeter

e Background from cosmics, beam-halo and event vertex
mis-assignments

- Non-Collision Photon Candidates =
T+ ET +jets . - :1 —— Cosmics
21" luminosity, &, > 25 GeV Beam halo + cosmics 10° {1 W
ﬂ Ll ‘ T ‘ LB | LI ‘ L ‘ LI | L ‘ LI | L ‘ LI - !.
E 103 E - Background events E
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g ——— Position of optimized As cut 1
zZ
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signal region

.

Events/ns
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Search for delayed photons

* Observe 2 events, expect 1.25 = 0.66

- Set limit in ¥, lifetime vs. X, mass plane

'y+ET+1jet analysis with EMTiming (570 pb™)

[ Predicted exclusion region
Observed exclusion region

---------- ALEPH exclusion upper limit

5 70 75 80 85 90 95 100 105 110

i? mass (GeV/c?)
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Search for stopped gluinos

* Split-SUSY predicts long-lived gluino
- If lifetime > 10s of nsec, some will escape detector while others will
stop in the material of the detector
* Approx 20% - 30% for DO detector
- Decay to gx, or qgx, will produce out-of-time “jet” + missing energy

e DO search for stopped gluinos in 410 fb™

- Background from cosmic muons that initiate shower (bremsstrahlung)

» Differentiate using transverse shower shape
~0 Fr L_J=Y Fr =Y
- Also background from beam halo W HAD % mwon M HAD

Rick Snider
May 25, 2007



Stopped gluinos

* Jet spectrum sensitive to gluino mass

- Observe no excess over expected background
- Sensitive to lifetimes > 30 us; modeled up to 100 hrs

- Set limits as a function of gluino mass and rate at which they
convert from neutral to charged in detector material

> o)
& DO, L=410 pb™ S DO, L=410 pb™
S 0 — Background =
- F ---- Signal (m =400 GeV, c=0.71pb) O
n r » Data c 100 hours
c r o
q>_) L B L 18 hours
TR S f 1 <3 hours
1 1 ot @ | Conversion
- B . 230 -« )
C J‘” 'S cross section
: - ““ 3 . O \“‘ \“‘ (mb )
' L0 03
- e | | |:| I T P L | L1 -1 l||||||||||||||‘|“1|||||||“|\|||‘|\q|||||||||||| 111
10" ~"700 200 300 400 500 600 107950 200 250 300 350 400 450 500 550 600
Jet energy (GeV) Gluino Mass (GeV)
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* New gauge bosons appear in many models

Search for new gauge bosons

- GUT models that produce new U(1l) symmetries: neutral spin-1 (Z')

- Randall-Sundrum models: new neutral spin-2 particles (R-S gravitons)

- Both cases can decay to di-electrons

 CDF search for narrow resonances in e'e” mass spectrum

Di-Electron Invariant Mass Spectrum

- Based on 1.3 fb™ K "0 COF Run Il Prefiminary [ o
. 3 4:_ —— Drell-Yan
- Select two good electrons with Et > 25 GeV = "¢ B womnguns
* Background 3 [Lat=13m
Z 10%¢
- Dominated by Drell-Yan 0
_— . : Tt
- Smaller contribution from di-jet, W+jet, 1L T iy
W+’Y’W 10-1:...|....|....|....|...Hw . ﬂ..|....|....|
50 100 150 200 250 300 350 400 450 500 g50
Di-Electron Mass (GeV/c")
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Search for new gauge bosons

95% CL Limits (Spin-1, e'e)

F ~ 4 —e— 95% CL limit
I Ldt=13f" ___ Expected 95% limit
Z, (LOoBrx1.3) 3
——Z,(L0cBrx13) ]
—e— 7', (LO .Br x 1.3)
—Z,(L0cBr=x13) |
—+— Z' (LO 6.Br x 1.3)

* No observed excess over background

- Set limits on _
« SMZ' +E, (GUT) Z' 'y

c.Br(Z'> e’e’) (pb)

- SM Z' excluded below 923 GeV at 95% CL 102
- E+Z >1729, ZW > 822, ZX > 822,

[ CDF Run Il Preliminary

Z > 891 GeV 10200300400 500" 600 700" 500 900,
n M, (GeV/c?)
e R-S g ravitons kt‘ﬁpl vs RS Graviton Mass Exclusion Plot
- Combine results with previous di-photon |§i:;§_'ébr' Run Il Prefiminary [ ;]
analysis with previous di-photon results mg_ [ Je‘e F
- Set limit in plane of graviton mass and 0:075_ Ty E
ratio of warping scale / effective Planck mass e E
oosE [ Jyy + e'e =
o.osi— E
0.04F E

oﬂaé

0.021 ILdt= 11-13f"

T TR T 'é":dz'_
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Search for new gauge bosons

 Also an R-S graviton search result
from DO in 1 fb™ (from last summer)

- Also searched in di-electron + di-photon
mass spectrum

* Similar analysis
- No observed excess over background

e Set limits

Rick Snider Search for new physics at the Tevat:
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Search for new gauge bosons

e DO search for W' — ev decays (from last summer)

- Measure transverse mass
distribution

Transverse Mass m,

TP — Signal m =500 GeV
iDG Runill Preliminary — v\;gna " °
—>ev

00 b1 1 QCD (from Data)
[:::]ijatv
[ 2y —ee
Clzy >t
B ww incl.
1 ¢  finel.

""" I wzinal.

1 s Bl zzincl.

9| —¢— Data

—h
[=
>

-t
(=
1)

- Main background from W — ev

- Exclude W' with mass < 965 GeV
at 95% CL

—h
(=
S

—
[=
73

-y
o
(S

Events / 2.00 [GeV]

-

100 200 300 400 500 600 700 800

m; [GeV]
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Search for excited electrons

e Excitations of SM particles appear in a number of models

- Additional degrees of freedom via composite sub-structure or extra
dimensions

- Compositeness:

» Excited states produced via contact interactions between sub-structure
particles

- Excited electron production rate depends on mass, compositeness scale, A
* DO search for excited electrons in 1.0 fb™*: pp — ee* — eey
- Trigger on single or di-electron trigger

- Require isolated electrons with Et > 25 GeV, Et > 15 GeV + isolated
photon with Et > 15

- Background: dominated by Drell-Yan — ee+y, QCD

Rick Snider
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 Background estimates checked
In ee final state

* Observed eey data consistent
with background

- Set limits in A - (e* mass) plane

events / 10 GeV

10

Rick Snider
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Search for excited

e Exclude m(e*) < 756 GeV for A =1 TeV

| D@ Run Il Preliminary 1.0 fb™

iy
2

o
TTIT T TTTTIT

ey mass

-

[ DATA

DY+y — eey
I DY+y — tty
[ DY+jet — ee+jet

[ QCD (from DATA)

-
TTTIT T
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P I
400 500
m,,,(ey) [GeV]
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Summary

e CDF and DO have searched for numerous signals for new
physics

- Recent results reveal no evidence for physics beyond the SM

- Most of these analyses based upon about 1 fb™

* Both experiments analyzing 2+ fb* of data currently in
hand
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Summary

* Have been doubling the dataset annually over the past

several years

Year2002 2003 2004 2005 2006 2007

Monthi 4 7 101 4 7101 4 7 147101 710
- Have double the dataset for ool [T T 11T T T
which results have currently = |
been presented ,%'2500—
- Anticipate around 3.5 fb-1 on  £2000|
tape by this time next year 21s00]
w L
ﬁlﬂﬂﬂ-
Stay tuned! 007 Delivered |
0 1000 1500 20|00 2.5|00 30|00 35|00 4(‘0()'45;00 50I00
Store Number
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The end
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Backup slides
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Sighature-based search: Vista/Sleuth

 Asks a very basic question on a global scale:
- Is what we see consistent with the SM?
* Vista algorithm:

- Define physics objects (electron, muon, tau, jet, missing Et,...)
- Filter events of interest (high Pt)

- Estimate background (from MC)

- Simulate detector response

- Fit for experimental, theoretical correction factors

* Accounts for deficiencies in SM prediction and detector simulation
* 44 parameters in correction model with physically intuitive meanings

- e.g., object mis-identification efficiencies
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Sighature-based search: Vista/Sleuth

* Vista identifies final states with significant discrepancies
between SM prediction + correction model and data

- Fitis across 16,486 kinematic distributions

Deviation of kinematic distrib Deviation of final states
from predictions from predictions
3000_—CDF Run Il Preliminary (927 pb™) Entries 16486 ~CDF Run Il Preliminary (927 pb") Entries 344
| r Underflow 0
7 807 Overflow 0
5 g
= - s i
:S 2000_ 75} 607
= T
@ £ C
o i z w40
£ 1000 = 8 r
2 - & 0 L
> L 3 > 20
%0 10 0
9 o
No significant outliers, so no evidence of new physics
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Sighature-based search: Vista/Sleuth

e Sleuth

- Search high-Pt tails of select distributions (about 100)
e Assumes new physics:

- will appear predominantly in one exclusive final state

- at high Pt

- as an excess of data over SM prediction

 Search for discrepancies, calculate probability that the SM

would produce a region at least as interesting as the most
Interesting observed in the data

- P=0.46

- So no evidence for new physics in selected 100 distribution
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CHAMPs

CDF Run Il Preliminary (1.0 fb™)

10°
- Central p, p_> 40 GeV

Background Prediction

Observed and predicted integral
track mass distribution

102

10

Events Above Mass

45°§_ — 100 GeV/c Stop _g 50 100 150 200 250 300
o 400F  260GeVIStop = Mass from track momentum and§___ (GeVic?)
S 3500 = y
O 300F- =
5 250 =
o = =
2200 E
g 150 E
* 100F =

50 .. 4 Track momentum distribution for stable

L i s stop quarks produced at CDF
Reconstructed CHAMP Pt (GeV/c)
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Search for new gauge bosons

Integral Plot of the Di-Electron Mass Spectrum

CDF Run Il Preliminary [ | .

- Drell-Yan
- Jet Background

[ | EWK+yy Background

-
(=]
o

—
o
]

ILdt=1.3fb‘1

Nr Events with> M,
=

-
=]
]

-
o

Probability of the Background Fluctuatingto> N,

} z% 1[CDF Run Il Preljmi
1050 100 150 200 250 300 350 400 450 500 550 Al i
Di-Electron Mass (GeV/c’) $ 107
I
RS
E; ; Expected Range for Min. Obs. Prob.
o 10°:
o g
o C
10
B 3 o evidence level
10°E
F|lLdt=1.3b"
10050 200 250 300 350 400 450 500" 550
Di-Electron Mass (GeV/c')
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Search for new gauge bosons

 Limit on W' production cross section x BR

95% CL Limit

E | Adirs — Theoretical Prediction
(RLE (incl. NNLO Corrections)
s 1 ) e *--- obs. Limit 95% CL
FE 1 v exp. Limit 95% CL

S Toomigeoin Excluded (Run 1)

© M, 5965 GeV

500 600 700 800 900 1000 1100 1200
W’ mass [GeV]
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B, —» uw

« The decay B_ — p"u highly suppressed in SM

MSSM +
- BR expected to be (3.42+0.54)x10° -

A.). Buras, Phys. Lett. B 566, 115 (2003) 00
. HY/A
* New physics can enhance the rate

- MSSM: additional terms o« tan®p

[ w

~ tan®p

« DO has new result of search for B. — pu*u” based upon 2 fb™

— First 2 fb-1 result from the Tevatron
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B, —» uw

 Both analyses

- Use event-by-event likelihood ratio to enhance signal discrimination

 DO: isolation, pointing angle, decay length significance, B and muon
impact parameter, vertex fit probability

* CDF: isolation, opening angle, probability of decay length

- Normalize BR to B, — J/y K, J/y — u*w o PP
Sos|
o.9n§—,‘ll.' .
e DO result (2 fb™!):
0§35 5 55 6 6.5
. . Invariant mass (U* ) [GeV/cZ]
- 0.810.2 expected, 1 Observed N Run ||a <% 2°EDO Run iib Preliminary _ “”
> oF Sideband 1 Signal region Sideband 2
: - S st
- 1.5%0.5 expected, 2 observed in Run lib g ‘ | ‘J
5055
0746 48 5 52 54 56 58 6 62 64

- B(B, - W) < 7.5(9.3) x 10-8 at 90% (95%) CL

. CDF (0.78 fb): B(B, — uw) < 8.0x10-8 (1.0x10-7) at 90%
(95%) CL

e Qutlook: Tevatron will probe down to 2x10°® (actually less!)



Stop and sbottom

* Future prospects for stop search (CDF)

3 :t—)cx1

“Run 2 Prolectlon
—95/ C.L. Exclusion

TOE iy B i I SR

£
(=]

CDF Run II Prellmlnary

~i00 120 ido 760 180 200 zzo
Stop Mass (GaV!c )

w
NS
o271 III| TTT
B
= % : f
(-3
=
00
=
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Lepto-quarks

DO 2" gen lepto-quark g ¢

q LQ

D3 Run Il Preliminary, 1 fb™

.. R  F
D@ Run Il Preliminary, 1 fb™ 2 f o}l°xBR (@ =M,)
E E I:l ALPGEN (Z = p)siets t>0.5__ e o, xBRefror (Q = MLQ)
6102 E_ |:| ALPGEN Wicts inclusive E \“‘ B - 0-5 61}? «BR (Q _ MLQ)
8 = E PYTHIA ttinclusive [ N 595%CL opserved
£ B |:| QCD Background 0.4 — fimit
I.I:J " E— @ oaTA(05TY C O Gﬁié’ & expected
C .“ W PYTHIA Signal (M =200 GeV, i = 0.5) 0.3__
1= C 210 GeV
E C 214 GeV
L n 0.2
-1 L
10°E j- _
102 _E j—|_ 01—
E | [ | L
E . C o
S:L I I I I I. 0_|||||||||||||I||||I||||||||||||||||||||||||||||
107 === e i T L L 160 170 180 190 200 210 220 230 240
50 100 150 200 250 300 350 400 450 500
Reconstructed Leptoquark Invariant Mass M (GeV) Scalar Leptoquark Mass (GeV)
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Lepto-quarks

DO 2" gen lepto-quark g ¢

q LQ

D3 Run Il Preliminary, 1 fb™

.. R  F
D@ Run Il Preliminary, 1 fb™ 2 f o}l°xBR (@ =M,)
E E I:l ALPGEN (Z = p)siets t>0.5__ e o, xBRefror (Q = MLQ)
6102 E_ |:| ALPGEN Wicts inclusive E \“‘ B - 0-5 61}? «BR (Q _ MLQ)
8 = E PYTHIA ttinclusive [ N 595%CL opserved
£ B |:| QCD Background 0.4 — fimit
I.I:J " E— @ oaTA(05TY C O Gﬁié’ & expected
C .“ W PYTHIA Signal (M =200 GeV, i = 0.5) 0.3__
1= C 210 GeV
E C 214 GeV
L n 0.2
-1 L
10°E j- _
102 _E j—|_ 01—
E | [ | L
E . C o
S:L I I I I I. 0_|||||||||||||I||||I||||||||||||||||||||||||||||
107 === e i T L L 160 170 180 190 200 210 220 230 240
50 100 150 200 250 300 350 400 450 500
Reconstructed Leptoquark Invariant Mass M (GeV) Scalar Leptoquark Mass (GeV)
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Lepto-quarks

DO 3™ generation search

E DO, L = 360 pb b)
o | ~Data
107 —SM MC
n | —LQ signal
c |
()
|_|>J 105—

1

E ) | | |
0 100 200 300 400 500
H(GeV)
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e CDF 3™ generation search

-
o

Number of evtents/(25 GeV)

—h
o

-2
10
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Lepto-quarks

CDF Run I1 Preliminary (322 pb)

0

pp—VLQ, VLQ,—(bt)(b7) e, channel

—e— Data (L=322pb")
[0 vie, VLo, m=320 Gevic)
D Z—)‘c'c—)e’ch
I oco
Hl Zoc
] #
|:| Wjets
B v+ets
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Extra dimensions

e CDF: jet(s) + MET
e ADD models: direct prod of g+G

—e— Data

SM Prediction

——— SM +LED (n=2,M,=1TeV)

L

-i-\l-u-

CDF Il Preliminary (1.1 fb'1)

10
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CDF Il Preliminary (L=1.0-1.1 fb”)
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Extra dimensions

e DO: di-lepton/di-photon search for R-S gravitons

e DY + direct gamma-gamma + instrumental

% 3000 i —— =]
(0] | D@ Run Il Preliminary, 1.1fb |
o
% 2500/ —— data
j= =
:J).s [ instrumental background
5 2000— —— total background
]
E-3
E 1500
=z
1000

80 100 120 140 160 180 200 220
Invariant Mass (GeV)

>

3. [_D@ Run Il Preliminary, 1.115' |
=)

=) —— data

£10°

g - instrumental background
>

a, o, —— total background

510

=

o

o
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E

z
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nd Z peak for latter

| D@ Run Il Preliminary, 1.1f5'
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