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Integrated Luminosity 8349.66 (1/pb)

Tevatron Status /

ne atron is domg very well!
""‘" '1:3‘ — AR \‘\. liu: \q ’ l CC ' 1 W\ . 002 2007 2008 2009 2010
| ..«1 are tinuou n Ap l"l‘l 2@1@

[ &

\ -~ e v
o e T - - 4 V= ) / - || m Fiscal Year 10 e Fiscal Year 09 & Fiscal Year 08 « Fiscal Year 07 ~ Fiscal Year 06
. s » 5 gy B -
‘e ‘_. - | L | 11 | | / T . S ) '- v Fiscal Year 05 =« Fiscal Year 04 » Fiscal Year 03 1« Fiscal Year 02
asr : - i . - B ’ 2 y
: . - - ~ e - i $ A -
. 2 - Aty - : . g
— )

(SN

" aaad

-
- Y

~Tevatron Run Il pp at\s = 1.96 TeV

OCDF Prehmlnary
= CDF Published
oDO Prellqnary

° DO Pul:_)jlshed

M; o, Measurements are becomlng very precise

éross-Section [pb]

L~

pp quark mass known with precision < 2%
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Signatures and Physics Objects May 10-12, 2010

Simona Rolli - Tufts University

Many processes: several signatures

Leptons-only final states

= e/u identification well
understood
= T id a little more complex

= Straightforward and highly
efficient approach to search for
anomalies
=... + Missing Energy and
Photons

Wealth of models and exotic
processes
Need accurate understanding of
detector effects
=... + Jets and heavy flavors

= More complex signatures
= Maintaining high S/v B

When a signature-based approach is
advocated, final results are generally
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
always a check on control regions, defined in
terms of the process signature (blind analyses)

The two approaches are usually
pursued in a balanced and
complementary way
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Signhature-based searches May 10-12, 2010

Simona Rolli - Tufts University

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 May 1012, 2010

Simona Rolli - Tufts University

Old-fashioned mass bump hunt.. CDF: 2 5fb-"

-Z production and decay into ee/uu precisely measured DO: 3.6fb-"
-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
PRL 102, 031801 (2009) mass window of 240 GeV/c? (CDF)

“;&m L=25f 2.5 standard deviations above the SM prediction
N - data DO does not see any deviation from SM in ee channel
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Testing different models May 10-12,2010

Simona Rolli - Tufts University

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. 5.C B0 Fun T Praiminary, 3507 Theon Z.o
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Dimuons final state
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CDF has looked for bumps in the X—uu final state: no excess is observed.

*'f; —e— Data
S 10*— —— Total background
.‘_’ Drell-Yan
w0 . — Hadron fakes
™ — Cosmic Rays
-~
~ o WW
2 10°[ tt
c
Q
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1
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Limits are derived for several scenarios
Sneutrino: up to 866 GeV/c? (A\2BR = 0.01),

Z’: up to 1030 GeV/c2(SSM 7))

RS graviton: up to 921 GeV/c? (KM, = 0.1)

PRL 102, 091805 (2009)

m;!, (c*/TeV)

CDF:2.3fb"

95% C.L. Limits
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Diphotons final states

Simona Rolli - Tufts University

3 10° — Graviton KK excitation mass limits:
Instrumental background
T Tolal background 560 - 1040 GeV for 0.01 <k/MP1<0.1
E 103 .............. Signal: Mi.aw"so'em GeV, m,co'
g 1::; N o Y axis (coupling) — radius of curvature of ED in Planck w
3 D2 5.4 fb” g B [ excluded at 95% CL
E +0.09
s10'8 1 [l Nt 00 AAcH expected limit
10 @ 0o PRL 100, 091802 (2008)
10

Data /
I Instrumental background .
Total background
.............. Signal: M =300,450,600 GeV, k/M,=0.01

DZ 5.4 fb"'

111111 11111 llllllll lllllillllllllllllllll llllll

.

Number of events / 4 GeV
S . 3

07300400500 600" 700 800 900 1000 1100
(b) Graviton Mass M, (GeV)
arXiv.org:1004.1826

102

| -

800

3

M, GV
Small excess at 450 GeV/c? (diphoton)

2.30 significance - CDF does not observes it.. 9

PR
200 400 600




EHENGB2UHUISYIVIEGSIUN

Diphotons

Simona Rolli - Tufts University

10° poearch for X—>yy __ CDF Run |l Preliminary
o CDF:5.4fb"
~— Total background 1 T

> t0f e T Jets faking photons ;
O] 3
: i bt 1:
= 3 ;
= [ . — ]
u 10.1 3 KX \\?
102 | 1
.3 3 . ‘\‘\ il i

10 200 400 600
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More from Tingjun Yang =
In parallel session !
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Dijet Mass Spectrum
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Old fashion mass bump hunt...
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* Choose events with two high-
p, jets with rapidity less than

1.0. Look for an excess in the

do / dm,_ [pb/(GeV/c?)]
32

Phys. Rev.D 7

9, 112002(2009)

%%g%
™
*s

~e— CDF Run Il Data (1.13 fb™)

[ ] Systematic uncertainties

-+ NLO pQCD, CTEQ6.1M
corrected to hadron level

dijet mass spectrum for 1
masses above 180 GeV =10 @y HEuEPT (et! 2)2
* Possible signals include 102L-§ . oo ree -@-_@_
excited quarks, W', Z', and 10° 3.~ -
Randall-Sundrum gravitons 4F ) —Q_:M:
* Find functional form of of dijet 10 -
spectrum in pythia and herwig, 10° @ -
fit to data. Look for “bumps” in N W P N N S
the data minus fit plot 200 400 600 800 1000 1200 1400
m, [GeV/c’]
. CDF Run II Preliminary, 113 fb"
+ No significant resonant structure is observed, so limits are set & [\ | e CLimis (RS G e
on various models ;_iwa T T S s heTh>h
* Excludes (at 95% CL) excited quarks from 260-870 GeV, W' = AN  —RsGKE0Y
from 280-840 GeV, and Z' from 320-740 GeV A [ tedaan |
DO has also a new result out (arxiv: 1002.4594) P 1

L oty
1200 1400
Mass [GeV/c]



Dijets Angular Distribution
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Dijet angular distributions is measured in bins of dijet mass:

1/0 dcs/dxdijet

First differential cross section measurement at partonic

energies >1 TeV!

Small experimental and theoretical uncertainties.
Sensitive to New Physics (95% CL limits)

0.14 f— —— Rutherford Scattering
- -=-=-= QCD
0.12 Cor New Physics
0.1 [
0.08 [
0.06 :_ TP T T e P
L |IIllJIIlIJllIIllIJ\lII\l[JI|
2 4 6 8 10 12 14 16
Xaijet = €XP(IY1=Y2l)

Limits on Compositeness & LED
® Quark Compositeness A > 2.9TeV
® ADD LED (GRW) Ms > 1.6 TeV

® TeV-1ED

Mc > 1.6 TeV

Consistent with
NLO pQCD

1/6 gijer AS/AY et

Phys Rev. Lett. 103, 191803 (2009)

O.%S < ij/TleV <0.3 |

—— DO 0.7fb"
—— Standard Model

- == Quark Compositeness
A=22TeV (n=+1)

N ADD LED (GRW)
-t + M, = 1.4 TeV
i --- TeV'ED

0.3 <M;/TeV <04 M, = 1.3 TeV
2 .
W W—
n + -
r 0.4 <MyTeV <05 | 0.5<MyTeV <06

0‘.6 < ij/TleV < 0.7I

E‘n—:—-ﬂ—r‘“g

i

0‘.8 < ij/TleV <0.9 |

[
5 10 15

Most stringent limits to date!

5 10 15
Kdijet = exp(ly;-Yal)
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D@ (X —= Zy - ee/uu y): no significant excess

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

o 3 g DO, 1
o a - N
~ -1
> DO, 1fb = - | o
Q > I = Observed combined electron+muon channel limit
O N T == Expected combined electron+muon channel limit
; | i B : 1sd band

C—

= ol /| . & - [_]+2sd band
g - = - Z+jet background 8
w --=-- SM Zy background g_)’ 1

#== Sum of backgrounds o =
(41] L
x —
1 ° i
" : ': il 1 0_1 I I I ] " A ' | A A I | I A I | A I I
o RN LL T 1 I _.’T S 1 A 200 400 600 800
100 200 300 400

. Mg [GEV/C?]
M, [GeV/c’] Phys. Lett. B 671 , 349 (2009 ) 13




Diboson resonance searches: WW/WZ 5

Simona Rolli - Tufts University

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

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

M, & (284,515) GeV

M, & (247,545) GeV

CDF run Il Preliminary 2.9fb™

c C
e 160 =
>  Et cuts optimized = 10 =
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o 14 @ r
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F
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Diboson resonances:WZ2 F My 10-12,3010

Simona Rolli - Tufts University

W’ > WZ > VIl s Fome T

V ¢ 8§ sEDZ4lf! . paa -
N o C > .

= N K W v § W /| WZ Monte Carlo E

2 B Excluded 95% C.L. region 7\ W’ Ky g V] Z+X (X=v, jet, Z)

AAVVWVVWWWI > C s .

% - Expected 95% C.L. limit 4 1 5 ) M 3 1 O T T W’ 400 GeV SSM signal 1

g SSM value e /E C —— W’ 500 GeV SSM signal

% . g

z N\ : e

2 -

o N ]

Hake! T 7 - —
; 0 100 200 300 400 500 600 700
=z WZ transverse mass (GeV)

200 300 400 S00 600 700 800 900 1000
W' mass (GeV)

; 350 =

y . o d “xcluded 95% C L. region

W’ excluded between 188 and 502 GeV/c?, assuming SM £ /| B B9 Lo :
. . . . [ R e p, 7y thresho!

coupling scaling with mass (Sequential SM) 5 SR e ]
1 or ]
q ¢ 200— ............ B
W < Technicolor scenario with Nl e _5
N m(pr) <m(my) + M(W) 3 AT

b, <‘ Excluded mass 208-408 SRR ) O
) GeV/c? @ 95% CL

15
Phys. Rev. Lett. 104, 061801 (2010)
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Diboson resonance searches: ZZ J—

Simona Rolli - Tufts University

CDF (X=ZZ-llLjj; I=e,p):
newly-improved forward track reconstruction
more efficient muon identification

no significant excess

10% increase

EVENTS / BIN

COMBINED FOUR LEPTON CHANNELS
CDF RUN Il PRELIMINARY
L =25-29FB" RS GRAVITON LIMITS
1000~ 491 Gev CDF RUN Il PRELIMINARY
—I Q - S L =25-29FB"
(Z) r OBSERVED LIMIT
5 100:
- | E S EXPECTED LIMIT
DATA o - AN
10’1 :_ § r \\\\
N BACKGROUND N 10& B
: o g
| | ! ! ! ! ! ! o i “%0,~ %
400 500 600 700 800 900 1000 1700 1200 'I | | I | | I N

400 500 600 700 800 900 1000
M. (GeV)

1
GRAVITON MASS (GeV)

RS (spin 2) G2 2ZZ CDF PUB note 9640
M>491 GeV (25-29fb", k/M_=01) 16



Jets+MET final state:Leptoquarks
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Cross-section (pb)

-
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T T IIIIHI

10"

arXiv:0912.4691

The analysis is a counting experiment examining two different kinematic

regions (each region being more sensitive to different models) defined by

HT and MET cuts.
Cuts are not optimized for a specific model.

Main backgrounds:
-Z — v v + jets (irreducible background)

-W — [v + jets (with charged lepton lost)
—Residual QCD and non-collision backgrounds.

T T TTTTT

T T IIIIIII

T T IIIIIII

ol

l

From Loose Sample

|

CDF Run Il Preliminary (2.0 fbl1)

|

Data d riven p red iCtion | Background HNumber of Events ‘
| Z->vy | 888454 |
| Watv || 669+-42 |
| Wopv || 3994-25 |

--=. NLO Calculation | W->ev “ 256 +/- 16 |
— Observed Limit [ z>11 [ 2944 |
L | Top Production “ 74 4/-9 l

---- Expected Limit - -
|D|boson Production H 90 +/-7 ‘
5 | QCD | 49+-30 |
From Tight Sample | Gammapluslet || 75+-11 |
| Non-Collision || 4 +/-4 |
| Total Predicted || 2533 +/- 151 |
| DataObserved || 2506 |

| | |

A A A
MET

60

80

11001 L

11201 L

940

160 180 200
Leptoquark Mass (GeV/c")

Total Predicted || 216.1 +/- 29.8

100
80 ;
125 225 5

| Background HNumber of Events l
| Z->vv | 86.4+-127 |
| Wa>tv || 506+-80 |
| Wopv || 3294+-52 |
| Waev | 140+-22 |
| z->11 | 17+-02 |
| TopProduction || 108+-17 |
|Diboson Production || 4.9 +-04 |
| QCD | 90+-90 |
| Gamma plus Jet H 48 +/-1.1 l
| Non-Collision H 1.0+/-1.0 ‘

|

|

Data Observed “

186

17
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Other Leptoquarks Results

Simona Rolli - Tufts University

Phys. Lett. B 671, 224 (2009)

—

o
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B = Br(LQ—uq)
G5 l-.:[-l SRR

S D@, L=1fb"
S i + nE_jj
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------ i jj + 1B jj
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Phys. Lett. B 681, 224 (2009)
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Leptoquarks in MET + b-jets

Simona Rolli - Tufts University

b
q , Jet
oI'LQj v :
. Missing & *
0000, . R E <
g JL1O; v
E i Jet s - ! -1 I . . ! I
3 e [ DO0,L=52fb" Preliminary (@)

‘é ____ Signal cross section, u = lMLQ

% 105 T T P T T T T T T @] ) _— B%M,XO',B=(1 -0.5*Fsp)

o DO, L—5-2 fb Prellmmal'y e gatt:l - ; 1 :_ . Bﬁ‘ x [ o z“ 6;21(0) + 6:[)1:'(0) ]’ B=1

= 10* LS A0 GeY) g N

3 - T(?: (240 Ge i —— Observed

5 10° © Ztjets I --+- Expected

> Wijets

w .

Diboson 10‘1 D e
10? B Multijet e :
10 I ! R
1 I 150 200 250 300
|

0 100 200 300 400

E; (GeV) 19
Conference Note 5931-CONF
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Search for Supersymmetry

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

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

bosons and fermions

Particles\A
A

ot

Supersymmetric
"shadow" particles

*On the other hand...

2 4 6 8

hep-ph/9709356

10 12 14 16 18

Log,,(Q/1 GeV)

. . . Names spin | Rp | Gauge eigenstates | Mass eigenstates
—Full set of new particles with constraints Higes bosons | 0 | +1 | HYH) Hi H, | h"H° A" H*
on their masses (TeV scale) iy g di, dp same
. . . . squarks | 0 | -1 | & 3L 3R .
*Various signatures with access to a wide £ Er by, by fy & by by
€1, €Ep U, same
phase Space sleptons 0 -1 i, fir U, same
— i i TL TR Vr T T2 Ur
Multileptons final states mevtralinos (12 | T 90 B0 T R
—Jets and MET charginos | 1/2 | -1 | W* A H, Xi X3
gluino 1/2 1 g same
—-MET and ) goldstino 1/2 | -1 G same

—Heavy flavors

MSSM particle spectrum
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SUSY in Trileptons

Simona Rolli - Tufts University

Very clean signature: I’ q 0 I’

z .

* 3 isolated leptons g 7 Z< 1 \/&4‘1
e B+ due to undetected X! and >W<: i q 3
N L 76‘7'"

Challenge:
* |ow cross section: Search Strategies
o X Br < 0.5 pb CDF: o 3 identified leptons (e, M)
e very soft 3™ lepton pr 20" 4 9 identified leptons + track (/)

—— D@: e 2 identified leptons (e, 4) + /
Cha:gi;caz\?/iié 231! e UT +/and PUT + T (T had decay)
« e "low"-pT vs "high"-pT search

Tri-muon events

Background is reduced with several

v ww i w W e get of kinematical cuts: inv-mass cut, diboson (WW,WZ)

p;(GeV/c) of three leptons lepton (track) pr cut, Fr, M1, A® between leptons, Drell-Yan W — v, tt
number of jets... , 21
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SUSY in Trileptons (cont’d) [ wevieuzzo

Simona Rolli - Tufts University

| Search for ¥37;, CDF Run Il Preliminary, 3.2 6" |

Events/ 2 GeV

0 20 40 60 80 100 120 140 160 180 200

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)

E : | .
/S

Phys Lett. B 680, 34 (2009)

® Good agreement with SM background

DO [ Ldt=2.3fb~! CDF [ Ldt=2.0fb~!
Background Data Background Data

low pr 5.4+0.6 9 Trilepton 1.47+021 - 1
highpr 3.3+04 4 Lepton+track 9.38+1.44 6

Data Compatible with SM Benchmark scenario:
Set limits in the mMSUGRA model A%=0, tanB=3, 4 >0

CDF Run Il Preliminary, 3.2 fb™

260 mSugra tan np =3, A,=0, (1) >0 [ Observed Limit | 180

miy, e 'M W
m(e )m( o) > m(z) Expected Limit

[:l LEP direct limit 170

Search for % /2
B DO observed limit

0 150 5

tanﬁ 3,A;=0,u>0 mmm DO expected limit - B 1 3
' & —— CDF observed - 8 i

limit (2.0 fb™) E EIE

4120

110

i;lll

100

20 40 60 80 100 1?0 140 160 180
m, (GeVic’)

LEP Chargino Limit  _ PRL 101, 251801 (2008) 22

100150 2°°n,°(Geéf° and update
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Sneutrinos in e+u/t final states May 10-12, 2010

Simona Rolli - Tufts University

R-parity violation: single sparticles can be produced

R-parity: Rp = (—1)%%(—1)3F~1) d(p,)>v <c'(m)

d(p,) 1 (pg)

Very clean signature: |
® 2 hard isolated leptons Search Strategies
CDF: » 1.0 fb"!

arxiv:1004.3042 * typical signal acceptance: 5 to 15% e 3 channels: ey; UT; eT

ep Channel
S T oman Do: * 4.] fb
: * . :
: A B / only one channel: ep
g s Backrounds ;Dﬁ, 3.1 fb’ preliminary e DATA
w . s), djets s C - Zy
- diboson i ° by Tk, =008
- 10
- [ ubar f
g F |:|w+je|/y 5 1
Ay «. Signal (M, =100 GeV) °
-% 3
E 1E 10? —= ——
100 200 300 400 500 600 700 F 108 200 300 400 500 600 700 2y
Invariant Mass of e (GeVic’)
z e NLO.pF ¥, —ped’ =040.0,, =%, =005
o Channel g " _ g’;:g:: h
% 10° 50 100 150 200 250 300 g ?
> < 1
8 402 M, (GeV) d
% g o p
£ i
| R Conference Note 5894-CONF Y S— ,,.\\.:. U |
1 7 -
.. ! z OGP v, e =bA0.7 =) T =0%s
D& places limits on A3y for : — oomernd
10" . & 10
several values of Az depending I
10? on the stau mass. g 23

100 200 300 400 500 600 700 100
Visible Mass of er (GeVic’)

\-f,’.".:..(o.vnff‘
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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: -
PP —( X =) 0y 0, === |2y +E,

- gravitino is the LSP
- NLSP is a neutralino or a slepton

- NLSP can decay early enough to occur in the detector volume

- O ~ : LI I LB I |1 I | /7 7 I iml I‘I I Ll .I ' l I' | 7 I I L I L 'Il ] I LI I_

_ - . . _ ~ - eeeeeseseeeees Expected exclusion region with y-{+ET and 2.6 fb -

If NLSP = neutralino, one has: X; — G ) s Observed exclusion region -

: Observed exclusion region with ~(+E7+Jet and 570 pb™ :

— ALEPH exclusion region =

20 :- Cosmology favored region with 0.5 < Mn < 1.5 keV/c? __

T [ ]

- it ]

15— —

2.6 fb £ GMSB5,~/& :

= b M,=2A, tan(B)=15 |

u-lo il N,=1,u>0 |

PRL 104, 011801 (2010) SE 3
ofll\:::;m;‘:imlﬂl 11 l |8 | ] 11 I 11 I 11 I 11 ..l.: 11 I 11 I I— 24

80 9 100 J°10 120 130 140 150 160
X, mass (GeV/c?)
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+MET+I e

Simona Rolli - Tufts University

« Very exotic SUSY models : fv?’ K
— hidden valley dark photons.. - q R

— Axions decaying into muons v

— Hidden-state Y cascading to dark photons Ko K

— P L L

q N Yo _

« Signature:Two spatially close leptons (no Iso), MET and vy

Phys. Rev. Lett. 103, 081802 (2009) 4.1 fo-
25p g T T T T T T

s 35 I 2 7F | ' DZ41fo" ]

O 30f S f R ™

N o 28 ~ 4 -

d 25‘ E E -r.’f.:. _-é" - Expecs

E 20k 1.5:— ;:\ a’_\’ %”"“" ]

= - [ L -'-._?

L:-% ;. 1F ’_‘,"‘f% .
0 | — ;
5f 0SB S .

I B A LA e =Y I TP TP D
120 140 160 180200220240260280360320

chargino mass (GeV) 25
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Squarks and gluinos: jets +MET

Simona Rolli - Tufts University

Result: 2 jets and MET Result: 3 jets and MET Result: 4 jets and MET
- _ -
- CDF Run ii Preiiminary L=2.0 b

IT T 1T T 7T 717 T 1 T

[l observed limit 95% C.L.

@ Although the production is strong, the analyses are challenging
due to QCD-multijet and W/Z+jet backgrounds
@Solution: break-down analyses in jet-multiplicity bins and
optimize separately (using MET and HT<—Sum of jet E;)

==+ axpected limit
A =0, tan(i=5, ;<0 &

400
NJm >4 MET>90 HT>280 CDF Run Il Preliminary 0{;
LR -1 -~
dijets R, 2300
% 102 E (a) Dﬂ L 2.1 fb™ s f —— non QCD Bkg 8
0 E Q Total Syst. Uncertainty —
Py F - SM Background g —— Bkg.+Sig. M, =287 GeV/c? Lo
N i CJFitted QCD o 10 M, = 438 GeV/c® 2
~ N T " SuSsY P 200
2108 g 5
d>) o o 1 9
w 1 i F n[s i
E mo
F e 100150 200 250 300 ‘bmsoo =
missing-E;{GeV] Gluino Mass (GeV]
107
0 50 100 150 200 250 300 350 400 450 500 CDF,PRL 660, 1 02 (2009), £=2.Ofb-1

E; (GeV)
DO,PLB 660, 449 (2008), L=2.1fb"" M (Gevic))



Search for sbottom in MET + b-jets
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Simona Rolli - Tufts University

>m

Both CDF and DO use b-tagging and
different optimization of cuts for different
regions on the b; -

events

Q'Il '

b

Jet
%
%1

Jet
Z

CDF Run II Preliminary

10° £

—®— DATA L=2.65fb"'

—— SM (b/c + mistags)

—— QCD(b/c) + non-QCD(b/c)
non-QCD (b/c)
Total Syst. Uncertainty

------ M(b,) = 153 GeVic®
M(z’l‘) =170 GeVic?

50

100

150

200

PR I N SR I
250 300

missing E [GeV]

events

5.2fb'1

X1 mass plane

CDF Run II Preliminary

Newl Conference Note 5931-CONF

8 1201 DO, L-5.2fb Prehmmary (b)_
@ —Observed - 2
é 100~ - -Expected -
£ sof -
®
% 60 | Gun la | 7
2 cor }295 pb! \| |
40 Bgl:)b | |
I [
0 \] ||
0 50 100 150 200 250
Bottom Squark Mass (GeV)

——

DATA L=2.65 fb™!
SM (blc + mi.slag.\')
QCD(b/e) +

ncertair
M(b) 183 GeVie
M(3,) = 90 GeVie

Mass limit approaching 250 GeV/c?

50

P TR
100 150

T T
missing ET fgev]

CDF Public Note 9969 27




HHENGSZ0H0SYIVIEGSTUN

Stop Searches

Simona Rolli - Tufts University

~ ~t ~0 )

If stop light enough, m[f] < m[t],several - t = bX7 — blvxy (mg <mi)
interesting decays, depending on the 2. t > bl (mg: >my)
sparticles spectrum: T ~0

Observed 95% CL

CDF Run Il Preliminary (2.7 fb™)
m(zj)=1 05.8 GeVic?

BR(?1->;zjb)=1

f18 > bbbl v R0 R0

BRz(z;azfvl)ﬂ.O

BRZ()ZiA)Z?\'IFO.SO

BRz(iiai?vIFO.ZS

CDF 2.7 fb"!': dileptons (e/p) with ©
one isolated lepton, 1, high pr jets, b-tagging. ®

. . R 50 BR%ﬁ-»ﬁﬂ):ﬂ.n
reconstruct the stop mass with a kinematic fit.

N M\x N
120 130 140 150 160 170 17

- — ¥
Reconstructed Stop Mass, B-Tagged Channel m(t) GeVic? 90 - CDF Run Il Preliminary (2.7 fb
> e BT - 1 b BRAEST V=10 m(:)=125.8 GeVic?
un ry b
&  M=155Gev B - BR(,-7,b)=1
ol MRS S Il stor (O1LBR = 0.16) 80
op .
§ M, =43.9 GeV 100
2 20 ‘ Bl o0 1725 Gev) v ™ (x,~x V)=0.
>
- Z + Heavy Flavor 8 70
" B - ot o arXiv:0912.1308  g=
60 4 o
1 Il ovoscns BRA(T. +V1)=0.25
| B 55
5 50
4R R R
140 150 160 _ 170 180 190 28
% 100 200 250 mi() Gevic?

T Mass (GeV)



Stop Searches (cont’d)
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f1i1 — bbll 0D

CDF 1.0fb":

Analysis cuts depend dominantly on Am
(stop - sneutrino mass difference).
Taking this into account, the signal
region is divided into 4 regions.

For each region cuts are tuned to get
the best expected exclusion limit using
all three dilepton channels (ee, ey, Hu).

ee, uu,en

DO 3.2 fb:

require hight pr isolated leptons,
B4, use kinematics and b-tagging
(for ee) to disentangle signal from
background.

Signal efficiency ranges from 0.1 to
10% depending on Am = m;,

ee,eu

— mp

Sneutrino mass (GeV)

-
F=
O

-
N

e
o

CDF PUB note 9775

CDF Run Il P

E;, Cut Group a (ee+ep+up)
m(6)=130, m(¥)=95 GeV/c’

inary, 1 fb™!

CDFRun i
10? E., Cut Group b (ee+ep+up)
m(t)=140, m(¥)=90 GeV/c’

# of events/12 GeV

L L L L I
40 60 80 100 120 140

|
. | | | | | | |
160 "g’ o 20 40 60 80 100 120 140 160 180 _ 200

# of events/12 GeV

E;, GeV
CDFRun I inary, 1 fb" CDF Run Il Preliminary, 16" [—siop signar
By, Cut Group c (ee+eu+up) B, Cut Group d (ee+ep+uy) -:::a(lée? )
- p ata
m(t)=150, m(v)=75 GeV/c* m(f)=180, m(v)=50 GeV/c> |mm Drell-Yan

e

diboson

ti
— data

P A D P I
20 40 60 80 100 120 140 160 180 200
En G

eV 20 40 60 80 100 120 140 160 l}:o 200

GeV

DO Preliminary Result

)

ep+ee Obs (1.1 fb” b

- eu+ee Exp (1.1 fb’ )
— eu Obs (3.1 fb”

Conf Note 5937-CONF

29

il W 1,
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Stop searches (cont’d)

Simona Rolli - Tufts University

CDF Run |l Preliminary _l Lat=26"
[ = Observed Limit (95% CL)
[~ -+ Expected Limit (+1c)

Stop to charm

8

t— X}

.
T T

'8'

o Charm-tagging to reduce b-jet
background.

0 Neural Networks

Neutralino Mass [GeV/c?]
2

I8
o

LEP 0 = 56"
“LEPO=0" .

60 80 100 120 140 160 180
Stop Mass [GeV/c?]

D@, L = 995 pb'

« Data Kinematic Exclusion
— oM CDF Conf Note 9834 (up to 180 GeV/c?)

' | Signal

M | | Phys. Lett. B 665, 1 (2008 )

Op " ""F00 200 300 30
E; (GeV)

>
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Conclusions

CDF and B0 continue to probe the large, highre

rch of new physics!
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Backup
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Diphoton+X e

Simona Rolli - Tufts University

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

Search for yy + X X = r

Events per 20 GeV
N
(&)}

% F dDF Run I Prellmmary 2014 pb R
O 250 ?
0 L s Standard Model |
g r — ]
c L
. | X=MET
o { _: =
[ ] N ) A
10:— E o . CDF Run Il Preliminary, yy+X, 2 fb Ht [GeV]
5:_ _: 6 L . g? ta
[ 1 w - @ Bckgic, .
- P — aco (fake §,) o Search for yy + X, X=y_
[\ ST, T T z 10? «ess. EWK (real §,) K3 CI‘JFRurllllPrelllmlnalry 1155pb
0 10 20 30 40 50 60 70 80 90 100 4 ; Non col lision >3.5 —
Tau Et (GeV) w g,-significance>5.0 8 F Standard Model 7
[ o 3j .
Search foryy+X X—r . 1. S E
E, 22? &DF Run II Prellmmary 2014 pb m H*; t ‘52.5 } X — =]
2] 20; m— Standard Modeli |.I>J E -
2 18- | » 2 T AZY
c _E E - s
216 E 107} 1.50 3
14= E ' F
12_— X j— ﬂc 1= —e— —
10 ———— F . ]
F 1 107 0.5 — 3
8- = 0 40 60 80 100 120 140 160 180 200 F B
6 3 ¥r. GeV S a
4 E 30 40 60 80 100 120 140 160 180 %00
2t 3 3y Mass (GeV/c")
obnLy J

0"5"40"15 20 25 30 35 40 45 50
vemaEen  Good ‘agreement between data and SM predlctlons 34



Squarks into taus
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Simona Rolli - Tufts University

First time such channel is used

Events / 10 GeV

-In some regions of the space parameters squarks
. and gluinos decay into final state with leptons
S Xi -Tau corridor: the stau is the lightest slepton and
“““ A lighter than chargino/neutralino
¢ ,< -Signature: 22jets, large MET and at least 1 -
N Xi -Combined with MET + jets analysis

Phys.Lett.B680:24-33,2009

§0I4 E:"_ | ! 'S::::“ \
mo,m1/2 (100,150) v0-3§_ ‘.':'
[ —
24 E
2F (d) D@, 0.96 fb" .g 0.25
20 E— _* Data [T} - -
18 = L..:SUSY . o) -
E COW(—= v)+jets m —
16 EZ(— vv)+jets -
= o )] B
I T el Oww,wz,zz 7, 0.1
12 B Z(- I'T)+jets 2 L
10F [ single-top 5 L =00
43 " 8 tau corric
43 - -A- Expected
4 e Expecte
2 | -®- Observec
% 20 40 60 80 100 120 140 160 180 200 250 300 350 400 450 35

M,(tau cand., ;) (GeV) Squark Mass (GeV)
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Tevatron vs LHC T ———

Simona Rolli - Tufts University

2010-2013: TeVatron 10(-20) fb" @ 1.96 TeV
LHC 10pb1-1fb? @ 7 TeV

. _ 1. Large enough LHC cross section to produce at least
For the LHC to be competitive in 10 signal events! with 10 pb~! of data;
new particles discovery:
P y 2. Small enough Tevatron cross section to evade the

projected 2010 Tevatron sensitivity with 10 fb~;

AT . “hineo and 0 ¢ Knnatr? B
CD Pair Production Reach (N; = 1) 3. Large (,.nough bre}nchmg fraction to an “easy” final
- state with essentially no backgrounds;

10°E
4. Consistency with other existing bounds.

)
[
T

3.

No QCD pair production
Yes: certain resonances

LHC Luminosity (pb™")

S
r

TR arX1v:0909.5213v2 [hep-ph] 18 Oct 2009
HHE Comer-ol-Hass Encrey (TeV) (C.W.Bauer,Z.Ligeti,M.Schmaltz, J.Thaler and D.G.E.Walker) 36
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Tevatron vs LHC

Simona Rolli - Tufts University

uu Resonance Reach (gerr = 1)

Resonance Production:
ggbar and qq

LHC Luminosity (ph™)
LHC Luminosity (pb™)

6 8 10 12 4 6 8 10 12 14
LHC Center—of ~Mass Energy (TeV) LHC Center-of~Mass Energy (TeV)
ug Resonance Reach (g. = 1/167%) g Resonance Reach (g = 1/167%)

LHC Luminosity (pb™")
=3
LHC Luminosity (pb ™)

6 8 10 12 14
LHC Center—of -Mass Energy (TeV) LHC Center-of -Mass Energy (TeV)

6 8 10 12

arX1v:0909.5213v2 [hep-ph] 18 Oct 2009
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Data Taking Efficiency

Simona Rolli - Tufts University

Year2002 2003 2004 _ 2005 2006_2007 2008
Monthl 4 7 101 4 7101 4 7 147101 71014 10
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Lepton Efficiencies
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Simona Rolli - Tufts University

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
Z 2|3 ﬂ * ;EE‘:EO 000000 .' (146300 PEAK CANDIDATES)
- R A R
ost ¥ ¥ _+ ool —
R T T T e
A= Sereven e
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Jets and Heavy Flavor way 10-12, 2010

Simona Rolli - Tufts University

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

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 (DO)

-Tag to n beyond 2 underlying
Tagger event
- + NN
= T 4+ JLIP N
Jet > 7OC T SecVix Tag Efficiency for Top b-Jets
g y P
g T —— > 06
] s - g Tight SecVix
Displaced tracks £ = . 5 5
W 60" —— 2 05F Loose SecVix
5 L v i 5
» & C _'—:DL/// @ 0.4
Decay lifetime %’ S0 P Ea S :
Lxy - econdary vertex L 03[
2/ Eofl2r = F
Primary vertex _ =/ 40 02f
{ C */% o r  Top MC scaled to match data
/ / C AN r .
do> v 30 Only b-jets with E;>15 GeV
:{ | PS5 aRd O <TR=25 ] AP I U P EPEP PP IPET NI PP .
Prompt tracks ol e e e o T L L ¢ 02 04 06 08 1 12 14 16 18 2
0 05 1 15 2 25 3 35 4 45 jetn 10

Fake Rate (%)
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Btagging Mistag Rate (CDF)

Simona Rolli - Tufts University

SecVix mistag rates
SecVix Mistag Rates

a .
m E Tight SecVix
F 005 Loose SecVix

Only jets with [n|<1

ol b oo b o b oo ol

20 40 60 a0 100 120 140 160 180
jet E, (GeV)
a 0.08 SecVix Mistag Rates
@ " Tight SecVtx
g‘°~°2‘5 o Loose SecVix
w -
E o
oosf
001 f
1 0.005 '.-
) E Only jets with E;>50 GeV
N

0D 02 04 06 03 1 12 14 16 18 2
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DO btagging

€ b-tagging efficiency
-~ CcSP,
0.95 0.46
0'8; = ptiO S 0.44 e e s i +p‘>0_5
o7t |e z:;: s da‘l’a 0.42 da""a : :
oef [2pt>=20 0.4 - . + i i
t E i i pt>1
; 0.38 4  — : 1 :
0.36 * H
» 0.34 } +P‘>1-5
< 0.32
0.1 - +pt>2
10 2 30 40 so 60 70 o NE?. MO N B BN I N B
ET iet' GeV o 0.002 0.004 0.006 0.008 0.01 0.01:"'5(3051:3(8
- — 1 -
> |JLIP b-tag in mu-in-jet Datal ‘ JLIP performance in real Data
B 0.7E ! >038
£ 06 | c
o F | 2
g 0 SF — &_g_’ 0.7
2 04 J -
7]
0.3 " EO.G
0.2 - JLIP <0.5% JLIP < 40%
“F -4 JLIP <0.3% JLIP < 20% 0.5
0.1 ~v- JLIP <0.1% JLIP < 1.0%
\ La cieal Trerer ] =] | 1=
0%26 5060 8090 0.4
E{jet) (GeV)

0.3}

& il 55<E,<95 <12
b 4 v —— W<E.<55 Mi<1.2
0.20™" 165<E,<35 Mi<1.2
Y L ] ’_.* £ L_ ' n »1 3
e 6 operating points R SEEEE.=- Te
15<E.<35 WmP>1.2
0 L | LA A A1l 1ll A S -

10° 10 42
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Sensitive to new physics: if no

observation, it can strongly mSUGRA at tang =50
constraint SUSY models Arnowitt, Dutta, et al, PLB $38 (2002) 121
1000 -
b MSSM u o - $
SM prediction: - : A0, p>0
. HIA® BR = 3.42 x10? v A tanB=50
x b y i
5 SUSY enhancement e O\ ¢
. f s . ~”0nB)6 800 : ‘\_.‘ >-._.-ga ;“<"x‘°’|
- AN k3
» Data sample dominated by random > s ‘:'; S %
combinatorial background S 600 - k w5 e
=] 3 i~ - %
+ Extract signal with Neural Net based discrimina € % :

B, and B, considered separately:
Bs—»up 3 observed events (3.6+/-0.3 exp.bkg.)
Bd-uu 6 observed evenis {4.3+/-0.3 exp.bkg.)

No significant excess = exclusion i

Br(B.~uu)<5.8X 104 @ 95% CL
Br(B, —»up)<1.8X 108 @ 95%CL

BR( B, > uu ) <
1.5x107 @95% CL

Comb CDF/DO hep-ex/0508058
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Global Searches at CDF S——

Simona Rolli - Tufts University

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 e

Simona Rolli - Tufts University

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

00 Run i rsminary 1 | ee +X
.

1200

1000
)

=3
=3
S

Number of Event
=
=4

20 30 70 80 90 100

40 50 60 70
Leading Electron P, (GeV)

Search limited to final states with leptons
3 basic modeling issues

n-dependent trigger efficiency in p + jets + MET
Muon resolution | S

Right side

in up. + MET , data excess
Jets misidentified as : |
photons in y states




