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UQM Why Physics Beyond the Standard Model? #

® Although extremely successful, the Standard Model does not answer all our

basic questions about nature

— Why are the Planck scale and the electroweak scale
17 orders of magnitude apart (and how can we avoid the “fine-tuning”)

— How is gravity incorporated?

— What is the origin of mass?

— What is the source of dark matter and dark energy?

—  Why is there a boson/fermion asymmetry?

—  Why is there a particle/antiparticle asymmetry?

— Why do we have several interactions instead of one unified one?

® Qur job as experimentalists is

— to perform experiments to discover new-physics effects that could
give answers to the above questions

— to perform experiments to test current theories that offer answers
to the above questions
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The Tevatron #

Initial Luminosity (x 10%° cm2s-)
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®  Tevatron collides protons with antiprotons Pk
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The CDF and DO detectors #

Had calorimeters

CDF

E/M calorimeters
Muon chambers

Tracker

Central silicon and drift tracking
Lead/Steel+scintillator calorimeter
Outer muon chambers

Magnetic field of 1.4 Tesla
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Central silicon and drift tracking
Uranium/Steel+Liquid-argon calorimeter
Outer muon chambers

Magnetic field of 1.8 Tesla
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UQM Searches for new Phenomena #

® Searches for phenomena predicted by specific current theories
- SUSY
— RS-gravitons
—  4th generation
— New gauge bosons
— Universal Extra dimensions
— Technicolor

® Searches for signatures inconsistent with the Standard Model

— Mass resonances
— Rare events
— Not necessarily predicted by current theories

® Even searches that look for particles predicted by current theories can be
generic enough to discover the unpredictable
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UﬁM Introducing Supersymmetry (SUSY) #

® (Create an extension of the SM, where for each boson we have a fermion

and vice versa (superpartners differ only in their spin)

Standard particles SUSY parti
2
| -
© . :
% Mlxmgogwes
Higgs i
" > X, X j
§ (charginos and
Q. neutralinos)
Q
-

! Quarks . Leptons . Force particles Squarks O Sleptons 0 SUSY force
particles

gluino
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S T
upersymmetry e

SUSY is obviously broken, which leads to a new mass-spectrum for
sparticles. We study “soft” SUSY breaking

® mSUGRA (LSP=neutralino), GMSB (LSP=gravitino)

Removes fine tuning and offers ultra-violet completeness
— Large radiative corrections of superpartners cancel each-other

Offers possibility of force unification
— Not exactly possible with SM

Offers a cold dark matter candidate

— If the lightest supersymmetric particle (LSP) is stable.
This is the case if R-parity = (-1)3(B-1)*25 js conserved

Possibility of radiative Electroweak symmetry breaking
— As an alternative to spontaneous breaking

Today | present searches for sbottom and stop quarks, R-parity violating
sneutrinos, R-parity violating gluinos, GMSB models

e Will also remind current limits for mSUGRA charginos/neutralinos and
squark/gluinos
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U?M Charginos and neutralinos at the Tevatron #

®  Golden chargino-neutralino signature: trileptons + MET

®  Squark and gluinos are strongly produced and give jets + MET

i M. <M. M. > M. If M; =M, then additional
¢ e T8 contribution:
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UNM Current chargino-neutralino limits -_"_-}L

CDF Run Il Preliminary, 3.2 fb™

S Toaaan | e ] M o
© 3007 mSUGRA B DQ obsérved limit i i ) -+~ Expoctd i
“H 1 =3,A =0 0 tit | S R LEP direct imit | 170
o [ tanf=3,A =0,u>0 mmm DO expected limit | 240" |
E T & — CDF observed 1 i 160
i limit (2.0 fb } - .
250— § 2 ( ) T o220 — 150 “§
SR S 13 ¢ S d
B > 1 . 1 =
B N 4 £200— 1302
O | - 120
_ Slepton i E
| Limit 4 180 110
150_! 1 1 1 | 1 1 1 1 |L|EP| c|h|ar|gl.n.o .LITnI]t 1 1 L ,_ 160 > Y PN N NN NN AN NN\ 1\\1\§ 100
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m, (GeV) m, (GeV/c")

Phys. Lett. B 680, 34 (2009) CDEF public note 9817 (2009)

®  mSUGRA limit: Chargino mass > 165 GeV/c? @ 95% CL (for m,=60 GeV/c?)
-- expected limit 155 GeV/c?
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UNM Current squark-gluino limits
—~600 AR R 600 g ——— L7201
O LEP2 ¥ ] it ceuiton fshe it - :::::t':: lmit 5%, .
g 500 @ 500 A0, tanf=5, u<0,
/)] DO I S A
g 400 J 400 i
E S EINE ; no mSUGRA\E NE g e
¢ 300 = solution [ Esoo " olution
- N e
g; DO IB \Q§S§§§§\T\: L
5-200 DQ, L=2.1 fb'1 N 200 FNAL Run |
(J)) tanp=3, A =0, u<0 §
100 N 100
&\ 1 ININ IN | INININI | ANANAN] 1
q) 100 200 300 400 500 60C % 100 200 300 _ 400 500 600

Gluino Mass (GeV)

Phys. Lett. B 660, 449 (2008)
M

gluino™ 382-390 GeV/c? (DO-CDF) if M =

M- (GeVic?)

Phys. Rev. Lett. 102, 121801 (2009)

squark™ "Vigluino
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U?M Search for sbottom at the Tevatron #

® Investigate b— b + X,° (assume BR=1), q b

signature from pair production: 2 b-jets and MET A 9 N b N
X
® | =52fb! w ® | =265fb?
® 2or3jets, E;>20 GeV, at least 2 ® 2 jets, at least one b-tagged,
b-tagged (NN), leptons vetoed Ad(MET-jet, ,)>0.4,0.7
® MET>40 GeV, MET away from jets ® EJe>80,90 GeV, EJ®2>25,40 GeV,
®  EJ®1>20,50 GeV, MET>40,850 GeV MET>60,80 GeV H.>165,300
HT>6O,220 —  cuts optimized per mSUGRA point, based

. , on AM(sbottom-LSP)< or >90 GeV/c?
—  cuts optimized per mSUGRA point,

based on AM(sbottom-LSP)=240 and L AM<90: N, =139, N, =134+ 25
45 GeV/c?

AM>90: N_,,.=38; N;,,=48%8
® Pointl: N_, . =901, N¢,, =971+ 152

®  Main backgrounds: light-flavor QCD with
Point2: N, =7, Ng,=7%2 _ o
mistags and heavy-flavor QCD with high

®  Main backgrounds: W/Z+jets, multi- MET, W/Z+jets

jet with fake MET
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UNM

Search for sbottom at the Tevatron (2)

L
L. 2

® Kinematic distributions of MET and H; are consistent with SM background
> [ T | T |
3 [Do,L=521b" ~Data  (b) AM<90 GeV/c? .
o ol - — r,lx‘l’ (130,85) GeV CDF Run II Preliminary
T 10 e ---LQs 240 GeV 102 = S —&— DATA L-265 b
ﬂ C - Z+jets E —— SM (b/c + mistags)
g r Wejets e $eeny —— QCD(b/c) + non-QCD(b/c)
Lﬁ I [ Top r JI- J,' _______ non-QCD (b/c) ‘
10 E - Diboson ~ I Totgl Syst. Uncertainty
= " 5 M(b) = 153 GeVic?
5 - Multijet .“‘.:? 10 = M(i‘l') =70 GeVic®
: N
® T I
1 3 i [_I -------
E m 1 ]
! > | L F
0 200 400 600 C L
HT(GeV) C Izclbol I I3cl.ol L |4| L |5| MRS A L |7QA P
o 10°Epg, (5.2 10" paa  (a) missng B, +*Exget) EyGet) Gev) yHT (GeV)
0 E | ——r = L INull 11 ricuuial
= C — b,%; (130,85) GeV 10° —%— DATA L-265 6"
r r ---LQ; 240 GeV o —— SM (b/c + mistags)
; 5 , - Py e : —— QCD(bc) + non-QCD(brc)
2 10°¢ o ZAjets B i : non-QCD (b/c)
dc.) c Wijets B | Total Syst. Uncertainty
0 = _I ----Y .......... i - je Vicl
I o . e, e
B Diboson 2 1 e T I
10 Multijet § -
C [ L
1 i
c - 1
L = - ! ! I ! ! |
0 100 200 300 40( 50 = I100I = ‘150I = I2 — I250I I ‘300' '
E, (GeV) missing E, {GeV] MET (GeV)
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UNM

Search for sbottom at the Tevatron (3)

L
L. 2

Phys. Rev. Lett 105, 081802 (2010)

CDF Run II Preliminary

Expected (95% C.L.)

m— (Observed (95% C.L.)

DO Run 11 (310 pb™) %
---- Expected
— Observed

CDF Run 11 (295 pb™) i
---- Expected P

— Observed H
[N N N RINO 0 A B NI O

100

150 200 250

® Limits on the Neutralino-mass vs Sbottom-mass are set
arXiv:1005.2222 [hep-ex] (2010) w
(accepted for publication by Phys. Lett. B) Published August 19, 2010
S | ' | | | Yo, [ L=2.65fb"
° D0, L=5.2 b ®) | | 1200
S 120 s
n —Observed . - Lh 200__
é 100~ --Expected ?g ?611" . '!\ 7 @ E
_E 80 < Runll n %80-_
; o O g
3 60- \ Runn | 1 B%r
= CDF }295” “ S [
— n — L
40 sg pb_1| | 7, 401
20— I ‘ - 201~ _
0 ! I L -
0 50 100 150 200 250 0 50
Bottom Squark Mass (GeV)
L] For neutralino mass < 70 GeV/c2 observed ®
sbottom mass limit is ~250 GeV/c?

Sbottom Mass [GeV/c?]
For neutralino mass < 70 GeV/c2 observed

sbottom mass limit is ~240 GeV/c?
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UNM Bonus: DO leptoquark limit #

® The jet+MET DO analysis can be interpreted as a third-generation w

leptoquark limit

3 - [ 1 l
o - DO, L=5.2 fb’ (a)
v B
Q —— LQ NLO cross section, B=BF(LQ 3—>bv)=1
b © - “N\. —— LQ NLO cross section, B=1 - 0.5xF,
q . Jet
3 4‘ Lo, v 1 = =+ Observed limits
. Missing N S LT SLE Expected limits
(AN B [
g > REICEEY i
q " Jet
b 1
1 0 1 E ........
arXiv:1005.2222 [hep-ex] (2010) . |

150 200 250 300
Leptoquark Mass (GeV)

M, q3>247 GeV/c? at 95% CL
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U?M Search for stop at the Tevatron #

® Searchfor t; — b)’gl — lelV assuming :| X is the LSP, and §, £, 7 are heavy
(%)

= e

b :
8 ",,'? B mii" < m{l — mb
AL i.\ ) ,
f R / v B-Tagged Channel

. v
(7:)~: < o+ §25i ﬁ—::ﬁ:ssa(::;l\;i CDF Run i Prellmlnary (27fb) - . (27fb1) 7:
l 8 © M.=717 Gevic? B v oBR=050)
* L=2.7 fb-l %:,'20} B o 1725 Gevic) |
“ 15; - Z + Heavy Flavor é
® 2 leptons(eorpu)>20 GeV and - Wz voriFeer
. 10} Dibosons {
2 jets >12-20 GeV ; —f
S =
® MET>20 GeV . -
0400 150 200 250 300 350
1 1 1 Reconstructed Stop Mass (GeV/c?)

®  Perform analysis with and without Anti-Tagged Channel
b—tag %25; M_168 3 Gev CDFRunll Prellmmary (27fb ") - data ([27fb1) . 5
& [ M.=125.8GeV ]
g r Mi“=71 7 GeV - Stop (DILBR =0.50) |
®  Genetic algorithm optimization e B - =725 Gevid |
. . . “ 15i - Z + Heavy Flavor i
®  Main background: top pairs, Z+jets - ™ i
. . . 10— , .
(latter dies with b-tagging) E =b ]
= Fakes —
. . . 5 —
®  Observation consistent with SM - ]
0400 150 200 250 300 350

Reconstructed Stop Mass (GeV/c?)
-_— e e e e e
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U?M Search for stop at the Tevatron (2) #

® Stop limits depend on the Branching Ratio of chargino

Xi 14 Ve >~((1)
vt w5 5wt
7 V‘\ r \.\ N — Y
W o ¢ “\x&’ L\X?H’fo
Vy Vg 4 Vg
Observed 95% CL Observed 95% CL
85:— CDF Run Il (2.7 fb™) m(3)=105.8 GeV/c? 90 CDF Run Il Preliminary (2.7 fb™)
- 1 BR?(3"—7% vI)=1.0 m(3')=125.8 GeV/c?
= 2O BR({, 7 b)=1 85 1M Ve
go=/" BRI =¥ V=1 T BR(t,>¥,b)=1
753_ % t 0
~, F BRYF -7 vI)=0.50 o 75p BRY(y —7 v1)=0.50
S 70F- o 2 b
o 3 70
2 esE o
wOE _ 65
E g0/ BR(i,—1,v1)=0.25 E
2 S0/ BRY(7:>7°v)=0.25
55— 55 1 M
n B
50;_ BR2(11—>x1vI)—0.11 50
a5 \x(\,\ i xcluded by LER] T
120 130 140 150 _ 160 170 180 140 150 160 170 180 190
m(t,) GeVic? m(t,) GeVic?
Chargino Mass of 105.8 GeV Chargino Mass of 125.8 GeV

PRL 104, 251801 (2010)
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UNM

L

Searches for GMSB at the Tevatron ne

® Under GMSB the lightest neutralino could decay to photon and gravitino.
Signature of neutralino pair production will be two photons and MET w

@ L - 6_3 fb-]‘ 3103 : DY 6.3 fb-1 e vy sample data N
ot A — SM + GMSB (A = 120 TeV) ]
® 2 photons > 25 GeV, MET>50 GeV R i UED (' 40 Gev)
c E 3
® AQ separation between MET and y or 2 F — Sl
. 10'5_ - W/Z + vy E
JEts - D misidentified electrons
o misidentified jets E
®  Background: § [[] misidentitied jet
107 E
—  Fake MET: SM diphotons, y+jets
(estimate using 10°¢
dielectron/diphoton MET shape,

.3 1
107 50 100 150 200 250 300

fitted at MET<10,20 GeV) Missing E_[GeV]

August 23, 2010

—  Real MET: W+y, W+jet, W/Z+y MET (GeV) Expected Observed
®  Observation consistent with SM 35-50 20+ 2 18
50-70 51 3
>70 0904 1

John Strologas, SUSY 10, Bonn

17



U?M Searches for GMSB at the Tevatron (2) #

® DOresult also interpreted in the universal-extra-dimensions model, w

setting limits on the compactification radius

GMSB limit Universal extra dimensions limit
SPS8 GMSB SUSY (Prospino 2.1) 0=1 UED (PYTHIA 6.421), KR0=20
2 102 DS 6.3 b B NLOcrosssection | £ 102f DJ 6.3 i B LOcrosssection =3
o E observed limit J1 © = observed limit -
L - = = expected limit n C - = = expected limit -
B [ expected limit £+ 16 7] B [ expected limit+1c 7]
B expected limit t2 ¢ 7] B expected limit t2¢ 7]
WwE - WE E
1 1 1 1 1 1 1 M 1 1 1 M 1 1 1 " M L 1 M 1 L | M 1 " 1 1 | 1 1
1 120 140 160 180 — 1= 460 480 500 520 540 560 580 —
C m_, [GeV] 3 = m, [GeV] 3
- PHRE (T (I S S ST M o 7] - I P T G S S o) .
C 220 240 260 280 300 320 340 360 n [ 480 500 520 540 560 580 600 620
B m,. [GeV] B m, [GeV] -
I L L L l L L L L I 1 Ll L l L L L 1 I L L Ll l l‘| L L 1 l L 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1L 1 1 I 1 1 1 I L 1 L I L
80 90 100 110 120 130 140 380 400 420 440 460 480 500
A[TeV] R [GeV]

M;,>170 GeVi/c? at 95% CL R.1>477 GeV/c? at 95% CL

arXiv:1008.2133 [hep-ex]
Submitted August 12, 2010
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UNM R-parity violating (RPV) signals #

® |f R-parity is conserved, SUSY particles are produced in association

® |f R-parity is violated, we can have singly-produced SUSY particles decaying to SM-
only particles and also lepton-number or/and baryon number violation

Lopy =5 €50 LILE, + €4 A, LT Q7D
e, MU DID] +e u L H,

ik
® We present sneutrino production with lepton-number violating decay

® We also present a multijet search that sets a limit on RPV gluino production
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UQM Search for RPV sneutrino at the Tevatron #

® Look for electron+muon production (lepton-number violation)

= a) DJ, 5.3f6" - data
L. W - signal (M_=100 GeV) [@Z/v*
w S0 ... signal (M ‘=400 GeV) lW-+jets
® = -1 o I ; ' Cldiboson
L 53 fb (g 10,2— Ctt
» 1 electron > 35 GeV, SOl Ld A
8 Ll W
. c B i :
1 muon > 25 GeV/c, jet veto S F i o 4
w [ c B L i
10™ : -l
®  Neural-network based electron ID E Pt Rl E
: . H 102! ; A P N |_-| . I—J ..
L Main Background: Z —Tt 1, diboson 0 o0 200 o0 T B0
* Main systematics: Cross-sections and _ M., [GeV] .
T - a) DQ,5.3f6" - data
luminosity 10° e signal (M_=100 GeV) [ Z/y*
| —— signal (M =400 GeV) Bl W+jets
®  Expect 410 + 38 from SM and observe E 10°E o f Ddiboson
414 o 10F -t
1\‘2 1_5 — - -
S E s L,
>10"F =
|.IJ E "E . m
10_2-E I
Y T SRR -2 I T O
1070 50 100 150 500
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U‘l:I\M Search for RPV sneutrino at the Tevatron (2) ==

® Look for electron+muon production (lepton-number violation)

- T 3 0.014

= ] \\Dﬂ, 5.3 f6'—— observed Limit - /.
) 30} 4 \ Expected Limit 0.012[~ : ,
;:s:. 255 “‘ \ - Expected Limit +1 s.d. ‘ ;‘:, 0_01:_ / //'
& onf L\ [ ] Expected Limitz2sd.| N /I /.
o 20 L L _i 0.008F A
= \ N.L.O. pp—Vv.—eu G B / P /o
b 15 R X5,,=0.003, 1,,,=0.005 2 0.006 o {/ 4’,'
- — — %,;,,=0.003, },,,=0.07 1) n PP
O 10} ® 0.004 S0
S -
o 5 0.002—

v by by by by -.'-.'-."."hr P o I B B I B S R RN
%o 150 200 250 300 350 400 150 500 %o 150 200 250 300 350 400 450 500

M, [GeV] M; [GeV]

arXiv:1007.4835 [hep-ex]
Submitted July 27, 2010
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U?M Search for RPV gluino at the Tevatron #

® R-Parity violating pair of gluinos decays to 6 outgoing partons

e L=32fbl *
° 6 jets >15 GeV, 2E;>250 GeV,

jets coming from the same z-position

® MET<50 GeV

Mass(jij)

correct triplets
lie along a horizontal

®  Use all triplets of jets for each event SumPH{iiiy
CDF RUN II Preliminary

IIIIIIIII]IIII IIIIIIIIIIIIIIIIIIIIIIIIIIIII]IIII

1000
900
800
700
600
500
400
300
200
100

T
1

®  Diagonal cut optimized for different
gluino masses

®  Main Background: multijets (use 5-jet
bin to model the background)

3 jet invariant mass [GeV/§]

“._ PYTHIARPV Gluin
m=133 GeV/3

> 20 entries per event _

lII|II9[ lIIIIIIIIIIIllllllllllllllllllll

lIIIIIIIIIIIII[ IIIIIIII[IIIIIIIIIIIIIIIIIIIIIII

lIllllllllllllllll[llllllllilllllll 1

%100 200 300 400 500 600 700 800 900 1000
) In] [GeVic]

fi

|
=
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UNM

he

Search for RPV gluino at the Tevatron (2)

® Data consistent with SM (a 2 o effect around the top mass)

CDF RUN Il Preliminary 3.2 fb™

% % 90" ' trTrr T - g ' ' '
oc) E 4’7 > 6jet Data E ; —*—— 95% C.L.c observed
80— - — ©
~ — . 3 L °o
8 705 QCD Landau prediction _3 ,; 10 g 85% C.L. o expectad
c - : . = I
= 3 +.Gau35|arl fit , 3 % [ ]+tonesucL |
60 - fixed at m=112 GeV/c 3 3 o} s LO PYTHIA gluino cross section |
50— (diagonal cut value 155 GeV/c)  — @ o
- E T 10% |
40E E g i
- 3 1
0L E
20F s T
= 3 M0 e
10 =+, = T |
0 : 1 1 | 1 1 I 1 1 1 1 | 1 1 1 —il__h—_'l_F ] . : : L L : L 'I~‘ : : -
0 100 150 200 250 80 100 120 140 160 180 200 220 240

August 23, 2010

3 jet invariant mass [GeV/cz]

CDEF public note 10256 (2010)
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UNM

Introduction to RS-gravitons

L
L. 2

® In the Randall-Sundrum (RS) model the
hierarchy is generated by introducing
an extra dimension

° 5-dimensional space-time ->
2 4-dimensional subspaces (branes)

® The SM particles are confined in the “TeV”
brane, whereas gravity is localized on the

“Planck” brane but can propagate in the bulk

® The extra dimension is compactified with a

®  Scale of physical phenomena is given
by the warp factor A=M,, exp(-kR_n),
where k is the curvature scale of the

extra dimension

®  The compactification of the extra
dimension gives rise to a tower of
Kaluza-Klein graviton states with

masses m_=x_(k/M,)A

® 2 parameters determine the graviton

couplings and widths: m, and k/mPL

radius R_

q Y g Y

> J /ﬁﬁ Z’;@: J 'ﬁi

q Y g Y
q e g e”
> e < Z}@ 7 <
q e’ g e’
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L
L. 2

UNM  Search for RS-gravitons at the Tevatron
® |nvestigate the decays of RS-gravitons to pairs of electrons or photons
(BR(vy)~2BR(ee))
® | =541 w ® | =54f?
® 2 central, isolated electrons or ® 2 central, isolated photons with
photons with E;>25 GeV E.>15 GeV
®  Foryy Primary vertex selected with ®  Main backgrounds: SM yy and dijets
EM shower pointing (misidentification of a jet as a photon)
®  Main backgrounds: DY->ee / SM yy ®  Geta MC diphoton mass shape and
®  Background estimation is fitted to fit it above 100 GeV/c?
60 <M,.(M,,)<200 GeV/c? —  The goodness of the fit is the actual
result
* Main systematics from cross sections _ _
®  Main background systematics are
(9-17%), EM energy resolution (6%), o
ISR/FSR (4-8%) and luminosity (6%)
ISR and K-factors (5% each)
® Data consistent with SM
® Data consistent with SM

John Strologas, SUSY 10, Bonn

August 2
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UNM Search for RS-gravitons at the Tevatron (2) #

® Dilepton and diphoton high masses are consistent with the SM

w 10° Search for X—=yy CDF Run Il Preliminary
——— Data —— CDF, 5.4 fb

3 10°
O [ Instrumental background ee
4 _
T 10 Total background . Total ba.ckground
=3 1130 Wp— Signal: M =300,450,600 GeV, kiM,=0.02 > t0f N\ Ty T Jets faking photons ]
: i
5 10 g T _
] DO, 5.4 fb" 5 —
o] 1 ) w = -
E
2 10_1 10-2 ; .‘.\‘u '\—
1 0—2 (a) E "...\
3 e e : 10° 200 400 600
10 200 400 600 800 1000 ,

M., (GeV) ) (Gevic) - 4
> 10* i CDF Run Il Preliminary, 5.4 fb
8 —— Data 1 T . T ]

3 [ Instrumental background
j 10 Total background YV 8 a1 i
PRhd \ Signal: M =300,450,600 GeV/, ki, =0.02 z 107 ¢
= : P A
q) ! s 4
q>, 10 "% 102 3 Expected Range for Min. Obs. Prob. E
o g MR, D@, 5.4 fb" g
5 By S 0k -
E ) _
2 10 &‘2 104 b 3 & evidence level ]
10° ®) |
1 0'3 L L L 10° 260 360 460 560 660
200 400 600 800 1000 2
M,, (GeV) M(yy)(GeV/c?)

Probability of the yy excess ~450 GeV/c?: 1.1% (2.3 0)| Probability of the excess ~200 GeV/c?: 1.3% (2.2 o)
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Uﬁ\M Search for RS-gravitons at the Tevatron (3) #

® Limits are set on the coupling vs. Graviton mass plane

5.4 b

' o ] 0.1
I%0.09 B oxcluded e.xt ?5/°CL = [ Excluded at 95% CL
0.08E 77" expected limit T  [— Expected limt
0-07 [ Do PRL 100, 091802 (2008) E 0.08 I coF 1.1 " PRL 99, 171801 (2007)
0.06 4 | 008
0.05 = £
0.04 = 0.04
0.03 B —;
0.02 D@, 5.4 fb 3 0.02
0.01 —g 0 . . . .
------------------------------- 400 600 800 1000
500 400530600 700 800 908 060 oo oo s (GeVI
Mg>560 (1050) GeV/c? Mg>472 (976) GeV/c?
for k/Mo, =0.01 (0.1) for k/M, =0.01 (0.1)
Phys. Rev. Lett. 104, 241802 (2010) CDF public note 10207 (2010)
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UNM Search for diboson resonances at the Tevatron

L
L. 2

® Heavy W’ and Z’ or technicolor particles can decay to diboson pairs

®  Search for WZ to leptons ®  Search for WW and WZ decaying

® Atleast 3 isolated charged leptons to electron+neutrino+2 jets
(e/p) with p;>20 GeV/c ® E(electron)>30 GeV, MET> 30 GeV

® MET>30 GeV ® 2 or 3 jets with E;>30 GeV

®  Main backgrounds: SM dibosons, ® Total H>150 GeV
Z+jets, Z+y (latter 2 estimated with ®  Main backgrounds: W+jets, multijets
data) ®  Main systematics from jet energy-

L Main systematics from fake-rates, scale and theoretical cross-sections
accepances/efficiencies ®  Data consistent with SM

®  Expect10.2 +1.6 SM events and see ® Limits set by additional optimization
9 (expect 4 from a 400 GeV/c* W’) (higher E; cuts for higher masses)

August 23, 2010

John Strologas, SUSY 10, Bonn
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U?M Search for diboson resonances at the Tevatron (2) = g=

. . . ' o L3
® Dibosons consistent with the Standard Model, W’ limits set
> e LN S e B S sy B R B B B B B B B ; c CDF run Il Preliminary 2.9fb™
o - -1 5 12 —
O St DG,4.11b —e— Data % - Etcuts optimized H g:;?iﬂo
= C [ for 400- evWwW e
Q - "/ /| WZ Monte Carlo ” g 100 —
41— = . = ~ B it
;—»:) - ] Z+X (X=Y, jet, Z) i g -
L. - o —
[_E 3 :_ L] e W’ 400 GeV SSM signal _: @ E Others
r L — W’ 500 GeV SSM signal R el (] M
B L . N 600GeV W’
2— akal — ;
B v 7 B
1 1 -] -
0_ = = 2o ] 00 100 200 300 400 500 600 70 >>>>>> 800 900 10(
100 200 3()0 400 500 600 700 WZ Invariant Mass (GeV)
WZ transverse mass (GeV) o 4
= L L B B B B BB BRI B 10 CDF run Il Preliminary 2.9fb
& |0k D@, 41" e Expected 95% C.L. limit g2
Q g 3 g I
= B — Observed 95% C.L. limit : ? i
> 1
T 100 s E| E E
5 - — — G6xB(W—> WZ), SSM E T 0
St r ] E r
7 -
E\é 10k M +1 s.d. expected limit ) 0§10.1 s
> = = E
o B ] i
1 3 10?
10 1 . [ s, Expected Limit 26
L N L3 100 G 0 400 abo 6000606900700
200 300 400 500 600 700 800 900 1000 W’ mass (GeV)
My, (GeV)
Exclude 188 <M, < 520 GeV/c? Exclude 285 <M,.< 516 GeV/c?
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U?M Search for diboson resonances at the Tevatron (3) = g=

® Using the diboson analyses we can set limits on technicolor and Z’

; CDF run Il Preliminary 2.9fb °
::E: N —e— Data
> - Et cuts optimized i Bkgd 16
& 121~ for 400-700GeV 2’ Z signal
=] - V_V+Jets
~ B B
2
[
o 350p e &
8 B [ ] Excluded 95% C.L. region N \ 7
= s00Ct 1! MR Expected 95% C.L. limit N
£ - . p.—T. 7. threshold N -
= B S .
S C S pT—->WJtT threshold 3 5 i
250 — O }’Ql ]
L Qs i
20006 =7 oe WW Invariant Mass (GeV)
... T i CDF run Il Preliminary 2.9fb™
. T 7] g 10
o LA A - 2 E
0@z T _] 3 ¢
B Ry Tt i g [
> gt o D@, 411" ] 1
100 P 1 L-"l'-.l‘ 1 1 | 1 1 1 1 | 1 1 1 1 ] 1 ! 1 1 | ] % E
200 250 300 350 400 N
M(p,) (GeV) o

om (Pythia v6.216 x1.3 K factor)
Ogss, Data Limit -
Gyss, Expected Limit N\

Ogse, Expected Limit +1 AN
Gy, Expected Limit £26

Exclude 208 <M ;< 408 GeV/c?

| \‘\ .

PO S T T S Y S S
200 400 600 800

.3 |-
10 1000
Z’ mass (GeV)

Exclude 247 <M,.< 544 GeV/c?
PRL 104, 061801 (2010) PRL 104, 241801 (2010)
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U?M Dileptonic searches for Z” at the Tevatron #

® Mainstream searches of Z’ to dileptons

® |[=541fb? e L=46fb!?

® Use of the dielectron analysis already | ®  Two central muons > 30 GeV/c
presented ®  Main background:Drell-Yan
L Main systematics from PDF, K-factor

L Data consistent with SM

B e
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unmM Dileptonic searches for Z’ at the Tevatron (2) #

® Mainstream searches of Z’ to dileptons

D@,5.4 1" "F) o
> o [ Joreiy
> 56 rell-Yan L. 1
g.los 160 - Instrumental Background CDF Run H Prellmlnaly 46 fb
=~ 8 140 I other sM Bkgd a0 I I | ] —
§1o4 ?120 E E + Data
> @ q) - *
N E 50 1 Bz
10° 60 1 [
40 10° =
102 . , i W
160 180 200 220 240 260 '\é/lsé(éo\(;) 102 — .Fakes
ee e E
] .Cosmics
10 E
1 qi -
’ .
10 10-1 —
10° 10°
200 400 600 800 1000 1200
10° M, [GeV/c?]
200 400 600 800 1000 1200
M. (GeV)
®  Dielectron mass spectrum consistent ®  Dimuon mass spectrum consistent
with SM with SM
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U?M Dileptonic searches for Z’ at the Tevatron (3) #

® Mainstream searches of Z’ to dileptons

D@, 5.4 fb" CDF Run I Preliminary 4.6 fb"
et 95%CL{:(E))?§§£}’§§ N v N N\ RS R e s
o | I Expected +1o = 15
T Expected +20] Y . !

Ni2E —SsSMZ’ R a2,
m C _Zﬂ o~ ’
x [ —7Z, - , wZy
<k —7, I L 94
D i —Z N C 1--7Z,
g . Z,sq 5 i i o
T 10E —7, - 1T
C B 4 —7,
: i _Z,SM
qli b N NN LN L 10 456™300 400 506600 7008009001000 1100
200 300 400 500 600 700 800 900 10001100 7’ mass [GeV/]
M, (GeV)
2
® M, >772-1023 GeV/c? ® M, > 817to 1071 GeV/c
arXiv:1008.2023 [hep-ex] CDF Public note 10165 (2010)
Submitted on August 11, 2010
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UNM t-tbar-enhanced technicolor 7’ #

e 48fb! »

® 1e/u>20GeV, MET> 20 GeV, -
>4 15-GeV jets, 1 b-tagged

Matrix-element reconstruction
For each event observe a PDF

of top-anti-top mass

CDF 1l Preliminary 4 8/fb

CDF Il Preliminary 4.8/tb

3 . g f { T 95% CL Interval
2_ e 'of \ [ 68% CL Interval -
10 é 3 \ — — leptophobic Z' E
5 @ Ve . expected limit
z I \ —— observed limit E
% w
w -
10? oz;— , . - . ) é
":ia[gev’czl 400 600 800 1000 1200 14([:;? [GeV[égf

95% CL exclusion of top-color-assisted technicolor Z’ with

mz < 900 GeV for [ 7 = 0.012MZ'
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U?M Searches for t’ and b’ at the Tevatron #

® 4th generation is not excluded by electroweak precision measurements and

could explain some forward-backward asymmetry in b-decays

® Search forb’ — Wt — WWb * ® Search fort’ — Wq (not b’)
pair production pair production
e L=48fb! o L=461fb"

* 1e/u>20GeV, MET>20 GeV,
>5 jets >20 GeV (=1 b tagged)

® 1e/u>25GeV, MET>20 GeV,

>4 jets >20 GeV (no b-tagging)
®  Main background: top pairs
& PP ®  Main background:W+jets, top pairs
®  Main systematics from Jet-energy o Fitthe M . distribut

it the vs H- distribution

scale reco
®  Analysis performed for N;,,=5,6, =7 ®  Main systematics from jet-energy
and for Ny .., =0,1 =2 scale
®  Some descrepancy compared to the ®  Data consistent with SM

SM for N._. =7 and =1 b-tags could be

jet =
due to parton showering
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UNM Searches for t’ and b’ at the Tevatron (2) #

® 4th generation is not excluded by electroweak precision measurements

b’ search 0-tag

CDF Run II Preliminary L = 4.8 o'

t’ search

£
I 0 b-tags ] @D
m 10° ~—Bg Unc.
3 W Top (7.4 pb) T T T
[l Single Top
J 103f CDFRun2 (4.6 fb") 3
10 1stags : - .
3 o ; Preliminary  [§ Observed
] + jets i
Di-boson % 102 3 t’t-'
! k| O | m
1 - 1 W+jets, EW
. . % 107F B QcD
=% - [
it @ Data 5 b
- 0 == Bg Unc. > i
3 20 (] 100 3
0 500 1000 1500 2000 2500 3000 ]
1 -tag Jet-H, [GeV] 2_tag
CDF Run II Preliminary L = 4.8 fb* CDF Run II Preliminary L = 4.8 fb™! 1 0-1
T T é T T E
g @Data
o ~=Bg Unc.
Il Top (7.4 pb)
M Single To;
e +20
I Mistags (]
B Non-W (3]
e o | = 55 e VU
Di-boson e 0 L] T 1 +
5 | 1
£ | t ]
.1 u
i =201 .
a 20 a, 2
it it} @ Data
-H—O— g, S0 0 100 200 300 400 500
O o
© 205~500 1000 1500 2000 2500 30¢ © 20300 1000 1300 2000 2500 3000 Meco (GeV)
Jet-H.. [GeV] Jet-H,. [GeV]
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U?M Searches for t’ and b’ at the Tevatron #

® 4th generation is not excluded by electroweak precision measurements

b’ search t search
CDF Run II Preliminary L=4.8 fb™'
< S CDF Run 2 (4.6 fb™) |
5 Lt Preliminary
S [ Jos%Be g t'—Wq, > 4 jets :
£ === Theory .:.'.: HT VS. Mreco VS. Njet
§ === Qbserved IL. 0.1k ]
o ]
&) 5 range of observed
expected 95% CL
upper limits
0.01F theoretical prediction
2 Bonciani et al.
00 30 30 360 30 400 420 0 460 200 260 360 360 460 460 500
Quark mass [GeV/c’] t' mass (GeV/c?)
b’ > 385 GeV/c? t’ > 335 GeV/c?
CDF Public Note 10243 (2010) CDF Internal Note 9846 (2010)
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U?M Quirks and Hidden Valleys #

®  Extra QCD-like SU(N) theories predict new kind of quarks. Parameters are the scale

A where “infracolor” becomes strong and the mass M, of the “quirks”

@Q —» Detect either strange tracks
Kang and Luty (2008) @ "

arXiv:0805.4642v3 [hep-ph]
— Or detect highly-ionizing slow
heavy particle
(©)

®  SUSY hidden sector yj could give rise to “lepton jets” that are detectible at the

Tevatron

Hanet al. ,

J. High Energy Phys. 07, 008 (2008)
Strassler and Zurek,

Phys. Lett. B 651, 374 (2007)
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U?M Search for the ... Quirks #

®  Investigate 10 <A <1 MeV/c? (mesoscopic range) and 60 < M, < 160 GeV/c?

§ 10° _ - DO, 2.4 fb ™!
§ - -.. - —e— Data
®10%: % ~~ Back d
® L=2.4fb!? w - %, e m:; 352‘:\,
. . L. 10" "'ﬂ nim m0=160 GeV
®  Look for slow, high-ionizing track * |
1=
® Select anisolated track > 40 GeV/c, -
a jet>75 GeV and MET > 50 GeV ‘“E
®  MET alinged with the track, jet 107556 JE A
opposite direction 5 1
"21035_ DO, 2.4 fb~
®  Expectlarge dE/dx, ~ 15 MeV/cm é : —— ¢"**", MadGraph
- == Expected Limit
®  Main background: W+jets and %102:_ — Observed Limit
multijets § I Expected +1 s.d.
® Discriminating variable: dE/dx, 10;
measured with the tracking system
1_|I.||I|||I..|I|||I|..I|
60 80 100 120 140 160

Quirk Mass (GeV)
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Search for hidden valleys

L
L. 2

Hidden sector’s force carrier (dark photon y,) will decay to leptons

Signal is many “lepton jets”

L=5.8fb'

Select a seed electron or muon
track >10 GeV/c with a companion
track of opposite charge of >5 GeV/c

MET > 30 GeV
Both track and calorimeter isolation
At least 2 such “lepton jets”

Main background: multijet events

and (for “electron jets”) conversions
Results for ee, ey, and combined

Form invariant mass of dark photon
from seed and companion track

August 23, 2010

[a—y N w ESN W () ~ [e5e)
I S
—

f
:

BN L L
D@ Preliminary 5.8 fo' 3
—e— electron 1-jets 3

B background
------ m(yp)=0.3 GeV
----------- m(Yp)=0.9 GeV
----- m(yp)=1.3 GeV

II|IIII|IIII|l||l||II|||||||||1|||||

OO

1.5 2 2.5
di-electron mass (GeV)

......

T T T r o1 T T
D@ Preliminary 5.8 fbo'

—e— muon l-jets

[ background

...... m(yp)=0.3 GeV

........... m(Yp)=0.9 GeV

..... m(yp)=1.3 GeV

—
'IllllllII|IIII|II||||1|||||

— s 2 2.5
di-muon mass (GeV)

-_— e e e e e
John Strologas, SUSY 10, Bonn
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UNM Search for hidden valleys (2) e
® Limit on the cross-section vs dark-photon mass is set w
) n ! | I I IR R
S i Inclusive limit D& 5.8 fb 1
'E g —4— Obs. in Y, mass window
= 10 3 —4— Exp. in Y, mass window '\,§_§
S f
° - Sl ]
w 10°E S 2=
/)] = 8 |»
o I |2
O e A
- 8 e =
a2
10 <| 8=
1 1 1 1 I | | 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 | I \I/ 1 :
0 0.5 1 1.5 2 2.5

Dark photon mass (GeV)
arXiv:1008.3356[hep-ex] Submitted August 19, 2010
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a\ Evidence for an anomalous like-sign 3
UM dimuon charge asymmetry W

® Dimuon charge asymmetry due to B-mixing:

o TB=wX)-TB—>pX)_,
" IrB—-uX)+I'B—-puX)

® The SM-expected asymmetry for the B,and B, produced at the Tevatron

comes from CP-violating phase of the B mass matrix

q
ay =g tan@,) PRL 105, 081801 (2010)
- PRD 82, 032001 (2010)

® SM-expected asymmetry

A (SM) = (-0.023100°)%

® Measured by DO is 3.2 ¢ higher:

A’ = (~0.957 + 0.251 (stat) = 0.146 (syst) )%
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U?M Just blessed: lepton+gamma+MET+b-quark #

® Signal could be due to t-ttbar+photon with semileptonic decay or

due to some new physics

CDF Run II Preliminary, 5.74fb~!

Lepton + Photon + K4 + b Events, Isolated Leptons

August 23, 2010

(GeV)

John Strologas, SUSY 10, Bonn

- -1 , e .
o L=5.7fb Total SM Prediction | 56.5 7.9 [29.8 £ 2.1 || 8.4 £ 8.5
® Select an electron or muon Observed in Data 51 33 84
. CDF Run Il Preliminary 5.7 o' CDF Run Il Preliminary 57"
with E;>20 GeV, MET>20 GeV,
. ; :Zata(e-f-u) % ; ?ata(e-m )
photon with E; >12 GeV s Wherr 1 G0} 5 WyeHF
.‘rElf:I’((ey b 830- .tEgI'r(ey 1
®  Db-tagged jet with E;>20 GeV Brieoiag] ool B fako botag)
U iz
. 1 >0k ]
®  Main background: t-tbar+y and w'e
. 20 40 60 80 100 120 20 40 60 80 100 120 140 160 180 200
Wy+jets Photon E; (GeV) Lepton E; (GeV)
. . CDF Run Il Preliminary 5.7 fb" CDF Run Il Preliminary 5.7 fb"
L Results consistent with the EM gof T T RN LT R L R
> ® Data(e+1) 305_ ® Data(e+ )_
340 o WheHF ] 251 = Wy +HF E
o MEWK 2,0k MEWK
oN30F tfakey {1 €°°F 1 fakey
2 By gl St L
*gzo- fake VE, ] W of fake VE .-
>10b efakey | g efakey
1) 51
%50 100 150 200 250 300 350 400 ©° 0
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@\ More details about some of the analyses &
UNM "2

at the Earallel sessions

Tevatron new-phenomena non-BSM-higgs parallel talks at SUSY 10
®* DO ® CDF

Sudeshna Banerjee: Maxwell Chertok:
Searches for physics beyond the standard Searches in Same-Charge Dilepton Events at
mode in final states with two leptons and jets

with the DO detector

CDF and Searches for Supersymmetry Using

the Trilepton Signature at CDF

Sudeshna Banerjee: Gianluca de Lorenzo:

Searches for physics beyond the standard Searches for Squarks and Gluinos in Jets and

model in final states with long lived particles. Missing Energy Final States at CDF

Mark Cooke:
Searches for supersymmetry in ppbar
collisions at sqrt(s) =1.96 TeV with the DO

detector

B e
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UNM Conclusions

® The Tevatron experiments are extremely active in the search of
new phenomena

®  We try to test old and new theories without neglecting to perform
model-independent searches

® We look at final states never investigated before

® We haven’t discovered new physics yet, but we keep expanding our kinematic
and parameter space reach and we keep searching

®  QOur analyses improve continuously and the Tevatron performs extraordinarily, so
we will keep increasing our discovery potential and limits-setting / theory-testing
power

® Don’t forget to check the CDF and DO public exotic pages: ...

—  http://www-d0.fnal.gov/Run2Physics/ WWW/results/np.htm
—  http://www-cdf.fnal.gov/physics/exotic/exotic.html
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UﬁM The CDF Il detector #

Lepton definitions

Muon Muon Detectors
chambers

Tracker

Had calorimeters

® Central tracker measures charged particle trajectories

® These trajectories are matched to calorimeter energy depositions and hits in

muon chambers to reconstruct electrons and muons

® Hadronic Jets (from outgoing quarks and gluons) and imbalance in transverse

momentum (MET) are also determined with the calorimeters

— MET is indication of particles that do not interact with our detector
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Events/0.5

Events/20 GeV

GMSB YY—>Vy+MET #

I B G I B é -
® L=26fb? 2 9 Y Y Y
. q 79 ! T q 7t ! Tt
® Selection: 2y (E;>13 GeV) fprtl " v
. o ' T N T
MET significance > 3 W v o v
~ ~F, T ~ ~ T
H, >200 GeV, Ad(y,y)<m-0.15 g A - q K > .
T
: L T 5
SM backgrounds: electroweak with real MET (67%), X, T x v X, TV G v
QCD with fake MET(17%), non-collision
| L L I B T T ]
L ~0 gee .. .
Expect 1.2 + 0.4 SM and observe none - X, lifetime<<1 ns ]
10° --- expected limit and 1o stat. variation _|
Set limits on lightest neutralino and its lifetime g — observed cross section limit E
- T o F ¥ theoretical production cross section -
10* —e— CDFyydata(26fb) & = | ]
s [ ] SMwith fake E; E D102 —
102 [ EWK with real E; % S E
10 I Non-collision © L S - .
10 i S|
10 ]
1 = ] | NI B R BT BT R
107 70 80 90 1000 110 120 130 140 150
, ')'(1 mass (GeV)
100'.'5 4lé 8! 10 70:'| L B L N B B
E,-significance 60 ;_ i': mass=140 GeV E
After optimization requirements 50 E— GMSB 5('? _’Yé —E
o B 00 e GMSB signal a 405_ M,,=2A, tan(p)=15 _E
)22 mass=140 GeV, lifetime<<1 ns - g N=1, u>0 ’ g
o 30 =
1 = e -
___________ 20;_ # _;
107 102_ =
= 1 RN IS ST WU S S [N SN SN SN TN AN SN SN ST S NN ST SN ST S NN ST ST S S | -
10%g 100 200 300 400 500 600 700 °o 0.5 T 5 18 2 25 3
H, (GeV) %, lifetime (ns)
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GMSB xx—yy+MET (2)

L
L. 2

25

N
(=)

% lifetime (ns)
o

-t
=

August 23, 2010

Observed exclusion region

ALEPH exclusion region

GMSB %,

Nm=1 ’ l">0

---.-l-.-l-.ll--ll--.-.llllllll..

-~
.Q

-===s-s--aeeee Expected exclusion region with yy+ET and 2.6 fb™

Mn=2A, tan(p)=15

""“;‘EléllllllllllllllllllllllllllllIIIIIIIIIIII

Observed exclusion region with y+ET+Jet and 570 pb

Cosmology favored region with 0.5 < Ma < 1.5 keV/c?

- —
---l|IIII|IIII|IIIIIIIIII:|IIIIIIII|III

80 9 100 ;Io10 120 130 140
X, mass (GeV/c?)

John Strologas, SUSY 10, Bonn
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Long-lived neutralinos -_"_-}L

® L =570pb! 107 T st eToRe ]
. . ey - Standard Model E
@ Looking fro neutralino to gamma-+gravitino ; -Beaanmal-rlaloo © :
o » o . - Cosmi 2
@ The photon is “delayed” since it is originated £ 10 -~ GMSB Signal MC .
from the decay of the neutralino e f i
: . >
@ Signature: photon + jet + MET S - 3
@ Investigated GMSB signal ;
— M_mess = 2 Lambda, tanbeta=15, mu>0 N_mess = 1 107
@ Backgrounds: 20 O 20 40 60 80
— Collision: y+jet+fake-MET, di-jet + fake-MET, W = e v Photon Corrected Time of Arrival (ns)
— Non-collision: cosmic rays and beam effects LT E o o s
. . v+E_+1jet analysis with EMTiming (570 pb”) -
@ Preselection: _ 30k I Predicted exclusion region £
- phOton ET> 30, met ET> 30, jet ET>30 GeV : Observed exclusion region
— Geometric separation of muon hits and gamma onia T (BRI A oL PR R
(cosmic reduction) a PR
. L 1 GMSBx1—>7G
— Delayed signal 2 ns—10ns @ 20 § Myeu,=2A, tan()=15
— Selection optimized for neutralino mass of 100 GeV/c? . Nosu=1,4>0 3
and a B =
lifetime of 5 ns < ol 3
@ OQOptimization of final cuts i :
@ MET>40, JET_ET>35, Ad(Jet-met)>1 rad, 2 ns <t<10 SE g
ns. ) . . %-——r—-'r—l_ll Loatalonealain
2 m(neutralino)>101 GeV for lifetime of 5 ns. = AR 78 B B 20 B IE R TR

;’(? mass (GeV/c?)

PRL 99, 121801 (2007)
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UﬁM t" DO result from Verzocchi’s wine+cheese #

t' Search (1)

Use 4.3 fb!

Similar selection to top cross
section measurement

Use HT and m,, to build 2D
discriminant

Slight excess observed in data

Set lower limit on t' mass

100 150 200 250 300 350 400 450 _ 500
m,, [GeV]

B e
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Uﬁ\Mt’ DO result from Verzocchi’s wine+cheese (2) #

w t' Search (ll)

Expected limit m_ > 330 GeV
Observerd limit m_ > 296 GeV @ 95% C.L.

DO Run Il preliminary 4.3 fb™’

T

cross section [pb]
—
L HH[

10"

theory cross section

T llllll]

. 0brserved 95% CL upper limits

102 expected 95% CL upper limits

expected 95% CL limits t1o

=B | llllllll

8r

expected 95% CL limits +2c
1 1 l 1 L1 L l | T — I | W — 1 L 1 1 l | I 'l
250 300 350 400 450 500

t’ mass [GeV]
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R-parity violating sneutrino—ep or et or ut s

o L=1fbt o e I
N§’ CDF Run I Preliminary (1 1) § C:DF Run ";.F(’g‘(’)'})"‘g‘:&k ; gggal
e Selection: eM, €1, uT 3 102 :;igg?oe\/”;):g%%al 3 107 3,,=0.10, %,,,=0.05
(=} 3 —+— Data = —— Data
= | ] sics Backgrounds = I Physics Backgrounds
(e,u:pT>20, T:pT>20 GeV/c) g | 2 e WHAT. 2 2o WW LT
o 10 b + —/ Fake Backgrounds . <1>) 10 —/ Fake Backgrounds .
. IT] 3 Dijets, y + jets, W(+jets), Ziy — ee w Zly - pp, W(+jets), dijets, v + jets
® SM backgrounds: Z—Trt, diboson, tt, W/Z+ ;
1F
fakes 1
) |
e Control regions: 50-110 GeV/c? 107 ¢ 10"
® Benchmark Signal regions: M.,>500, 107} 102
2 L L L 1
M,.>310, M >280 GeV/c 100 200 300 400 500 600 700 100 200 300 400 500 600 700
. . . . Visible Mass of er (GeVic') Invariant Mass of en (GeVlcz)
e QObservation consistent with SM expectation
pt Channel
e Set limits on RPV sneutrinos — F Anmas Aanas
§ ; CDF Run i Psl:(l)irgin\a”ryzﬁ fb")l
3 102 ;.5§,‘=0.13,};3)=%|%%a 5
g —— Data
3 — ;jhysics Bs\llsl\(,sr?t%lds
£ v o T, A
1 3 aKe backgrounds q
Channel Mass cut (GeV/c?) Ny N, . : 0 it T ot s
1 | .
el 500 0.1+0.1 0
10" E 4
et 310 1.4+0.3 2 102l ]
100 200 300 400 500 600 700
HT 230 1.0£0.3 2 Visible Mass of ut (GeV/c?)

B e
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Large extra dimensions
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Extra dimensions (y+MET) #

| LI | LI | LI | L I I
10°E CDF Run Il Preliminary, 2.0 b -
Zy, Z>vv 7

® L=21p" B W elp/t >y
e Signal: G+y —=MET +vy W vy, losty

I Non-Collision
® Selection: E, >90 GeV . W WiZy, lost ely/t
MET > 50 GeV

Z — ADD n=4 m=0.8 TeV
//_/ E
No jets(tracks) above 15(10) GeV /// )
® SM backgrounds: Z+y—vvy(54%), o
cosmics (20%),W+y (10%), W—fake y =
(6%),vy (5%) 6080 100 120 140 160 180 >80

® Expect 46.7 £+ 3 SM and observe 40 Missing E; (GeV)

e Set limits on number and mass-scale | | | '
of Large extra dimensions (combined
with the jet+MET analysis)

-
o

Events/Bin

) -] S CDF Run Il Preliminary ~ _]

I CDF Jetly + &, 1
— CDF y+F, (2.0f" ]
B CDF Jet+F, (1.1107)
---- LEP Combined

M, Lower Limit (TeV)
N

Phys. Rev. Lett 101, 181602 (2008)

2 3 4 5 6
Number of Extra Dimensions

B e
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UQM DO Large extra dimensions #

® 27fbt

DQJ Run Il preliminary 2.7 fb'

Events/10 GeV
®

® Photon >90 GeV i —
14 HBwW-ev
» MET > 70 GeV 19 LI non-collision

[ Imisidentified jets
W +y
— LED n =4, M, =870 GeV

wr===TR R

0500 150 200 250 300
Photon P, [GeV]

® Jetveto

S 2F
E 1.8E -« expected limit
<L 1 6F a — observed limit
1.4 ® CDF 2.0 fb™ limit
F A LEP combined limit
1.2 A
i S o
e T I S
—_ 0.8;— e
q 0.6 4
0.4 D@, Run Il preliminary 2.7 fb'
0.2
0: | | | | | | |
2 3 4 5 6 7 8

Number of Extra Dimensions
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CDF chargino/neutralino and squark/gluino

he



Gluino-Squark

e L=21!
® Signature: Jets + MET

® Selection:
— High MET (for QCD reduction)
— lepton-veto (for top and boson reduction)
— small jet-met angle (for QCD reduction)
— separate optimized cuts for 3 analyses

® Backgrounds: QCD multijets, Z+jets, W+jets,
top, diboson
— (all MC, for QCD it is normalized to data at
low-met)
95% CL: Mass of gluino > 392 GeV/c?

Analysis | HT cut | MET cut Jet Et Bckg.

(GeV) (GeV) (GeV)
Dijet 330 180 165,100 16 +5 18
Trijet 330 120 140,100,25 37+12 38
4-jet 280 90 95,55,55,25 48+17 45

August 23, 2010 John Strologas, SUSY 10, Bonn

arXiv:0811.2512 [hep-ex] *

'

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

. Truet Analysis* paat-zo)
QCD + non QCD Bkg.
> L non QCD Bkg.
O 10° Total Syst. Uncertainty
O ¢ _._L'— —— Bkg+Sig. M, =249 GeVic?
S I M, =270 GeV/c?
)
T = 1
£ o
c !
g
o L —
10-1-||n:|l|l|l|1||l|A||||A||||| P
50 100 150 200 250 300 350
missing-E;[GeV]
CDF Run Il Preliminary L=2.0 fb™
600 |||l||||||||||l
[ observed limit 95% C.L.
=== expected limit
500 A,=0, tanp=5, p<g,‘i(’°
// v
400 LN
N:; -
S 3 no mSUGRA
3 solution
'
FNAL Run |
100
LEP1+2
0
0 100 200 300 ) 400 500 60(
Mg (GeVic)
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UNM Result and limits #

®  Qur counting result is consistent with the Standard Model

m mee60 GeV,

Trilepton 1.5+0.2 7.4+0.7 m,,=190 GeV,
tanp=3, A,=0, p>0

Dilepton+Track 9.4*14 11.2+1.1 6

(my=60 ,tanfB=3, A,=0, p>0) (tanB=3, A,=0, p>0)
CDF Run Il Preliminary, 3.2 fb™

. -1
1.2 CDF Run Il Preliminary, 3.2 fb

260
rEp adrect Theory 6 BR mSugra tan =3, A,=0, (1) > 0 [ Observed Limit |180

1\ fimit [ Expected Limit+ 10 m(7,) ~ m(7,) - -« Expected Limit
[ ] Expected Limit+2oc m(&.), m(ug) > m(%) i} |170
\ .......... 95% CL Upper Limit: expected 240 k\ LEP direct limit

Observed Limit

mSugra M0=60, tan =3, A0=0, n)>0

T ~oonl 150
QZNN - No 220 — — §
= ; — ] ()
¥ s I 0 g
D04 = | 1 =
o 200 — —130 '
3 £ B ] =
\ e — o
0 & 1 11 | 11 1 1 I 11 1 1 I 1 11 1 I 11 11 I 11 1 1 I 11 1 1 I 1 11 1 80 —— 11 0
100 110 120 130 140 150 160 170 m
Chargino Mass (GeV/c?) N 100

M (x; ) > 164 GeV/c? at 95% CL |(expected 155) e 40 60 80 00 120 140 160 180
m, (GeVic')
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Older analyses
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Search for high-mass X—ZZ resonance #

e | =25-29fb1?

105 COMBINED DIJET CHANNELS
e Signature: X—2Z—lWU or Ujj, (=e or '|_|:|= o et
e Selection: ee(pp) of 5,20 (2 or 10, 20) GeV/c o 9F
® SM backgrounds: W+jets, Z+jets, QCD, diboson < | '
. . 2 3 ]
e Signal region: based on the recontructed Z- = g : _|_ DATA
mass probability and M,>300 GeV/c? T
e QObservation consistent with expectation K BACKGROUND
RS GRAVITON LIMITS 7= 4(IJO scl)o ecl)o 7cl>o 8(130 9<|)o 1000 11(I)O 1260
1000~ 491 Gev CDF RUN Il PRELIMINARY v Gev)
2 - > £ =25-29FB" i
% ~ OBSERVED LIMIT COMBINED FOUR LEPTON CHANNELS
= 100 = ~. CDF RUN Il PRELIMINARY
9 = NN EXPECTED LIMIT L =25-29FB"
N B ~. NI 4
s 0 ;|5
x \\\ ~ i
O 10 R, e I
N - UGy 4 DATA
v ST I
O = Q; \‘\iv - BACKGROUND
1 \ | | | | | | L
400 500 600 700 800 900 1000 4|OO 5(.I)O 6(30 780 8<I)O 960 1000 11(I)O 12(I)O
GRAVITON MASS (GeV) M, (GeV)
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UQM jet+jet+MET (CDF leptoquarks) #

e # 2 Jets with ET > 30 GeV ] # 2 Jets with ET > 30 GeV *
® # No 3rd Jet with ET > 15 GeV ° # No 3rd Jet with ET > 15 GeV

® # Scalar Jet HT > 125 GeV ° # Scalar Jet HT > 225 GeV

®  #Event Missing ET > 80 GeV ®  #Event Missing ET > 100 GeV

®  Main backgrounds: Z—vv, W—lv ®  Main backgrounds: Z—vv, W—lv

|Missing E; for Low Kinematic Region | ‘ Missing E; for High Kinematic Region ‘

— Data (2.0 6™ 50
H-L SM Prediction

CDF Il Preliminary (2.0 fb™)

— Data (2.0 b
~— SM Prediction
CDF Il Preliminary (2.0 fb™)

40

30

Events / 20 GeV

20

Events / 10 GeV

10

I\J\‘\\\\l\I\J‘\\\\‘I\I\l\\\\

+
100 150 200 I;n;zségir‘l;go(ees\-f)o 400 450 500 *THos 10 260 ﬁgsin;‘l’a (Gzé{,‘; 400 450 500
Leptoquark Generation Lower mass limit (GeV/c?) | Higher cross-section limit (pb)
1st and 2nd 190 0.29
3rd 178 0.442
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U?M Sbottom to ¢ + neutralino #

CDF Run Il Preliminary f Lat=2.61"
™ > 30F
Search for Direct  § . S
. § 20 é_ E'Tﬂoe‘::—::zak boszons
Stop Production =
= MSSM scenario with conserved Ry with sk
BR(t,—*c x,° = 100%. :
0 50 100 150 200 250
» Final state with 2 c-jets and MET. & [GeV]
= NN-based flavor separator algorithm to o p
enhance the c-tagging efficiency. CDF Run Il Preliminary det:z'Sfb

== Observed Limit (95% CL)
----- Expected Limit (x1o)

= QCD and mistags from DAIA, other bkg
from MC simulation.

—

N

o
|

m Sensitivity optimized with NN-based
selection.

= No hint for SUSY, 5% CL limit:
= M;>180 GeV/c? (with My~90 GeV/c?)

‘.
-
----
-
- .
-
et
-

o]
e

-
Plle
-
-

(o))
o

Neutralino Mass [GeV/c?]
S
o

Systematic uncertainties:

« 20% on bkg and 25% on signal dominated

by the uncertainty on mistag rate and flavor
separator algorithm.

1N
o)

WA I P T
60 80 100 120 140 160 180

Gianluca De Lorenzo, IFAE Barcelona Stop MaSS [GeV/C2]
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Gluino-med

o L=25fb!

e Selection: 22 jets (25,35) GeV
MET > 70 GeV

either 1 b-jet or 22 b-jets

Study of QCD and EWK control regions

Two signal hypotheses used for optimization:

iated sbottom

L
L. 2

e B: Small Am: M(gluino) = 335 GeV/c?,
M(sbottom) = 315 GeV/c?, M(neutralino) =
60 GeV/c?

e SM backgrounds: QCD (light and heavy
flavor), top pair, W/Z+jets

® For two-b-jet analsis:For optimization A

(B) Expect4.5+1.4(2.3+0.8) SM

events and observe 5 (2)
e M(gluino)>350 GeV at 95% CL

I Ldt=25fb"

A: Large Am: M(gluino) = 335 GeV/c?, M(sbottom) = 260
GeV/c?, M(neutralino) = 60 GeV/c?

CDF Run Il Preliminary J Ldt=25"

CDF Run Il Preliminary

f.; 350 ~ Observed 95% CLlimit " _ ) g C = 95% CL limit (for m[b]=250 GeV/c?)
S Expected 95% CL limit /9~ bbo(1°° % BR) P Expected limit
(CIDJ [ M(D) = 60 GaVic” & o P, (100% BR) S 1L — 95% CL limit (for m[B]=300 GeV/c?)
< 300 [~ M(@ = 500 GeVie SHF % 13) E N\ e Expected limit
1)} L N & ‘E_ (an') r _
@ : S " [ g bb (100% BR)
= o50f @e‘:‘ @ ‘ 8 . b — by, (100% BR)
§ [ J& G107 E
Yol -
7] \\\\\\~ Run 11 310 pb” [ hB— GG =
7 \;\\\\,\\“\\}%\\Q P s LA L pp— 03 at Vs=1.96 GeV
L \\ N ‘\\\ Excluded Limit 2L
150 10" F ——PROSPINO NLO (CTEQBM)
L C W= 1= M@)
C CDF Run | excluded B ~ 2 e 2
L - M(G)=500 GeV/c® M(¥)=60 GeV/c
100 1 l 1 1 11 I L 1 1 1 I 1 L1 I - 11 l 1 - 1 l 1 L 1 1 l L 1 1 1 l L L 1 1 l 1 L
200 250 300 350 400 250 300 350 400
Gluino Mass (GeV/c?) M(@) [GeV/c?]
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L

Search for high-mass X—ee or yuu resonance V3

“ian L=25fd'
N:ﬂl“ é‘z —=—data
= - -1 > 0t g: []Drell-Yan
e | =23-25fb 9 s v
® Possible signal investigated a0’ N
® Spin 0 (RPV sneutrino) gﬂl’ prree
e Spin1(Z) 21 Hote

e Spin 2 (Randall-Sundrum Graviton)
® Selection: 2 p (2e), opposite charge,p;>30 (25) GeV/c
e Backgrounds Drell-Yan,diboson,tt,fakes

e ee —0bservation_consistent with expectation with the 100 200 300 400 500 600 700 &00 900 1000
exception of the 241 GeV/c? window Wee) (GeVic')
e “local” 3.8 G Phys. Rev. Lett. 102, 031801 (2009)

® Probability to see that from 150 GeV -1 TeV is 0.6% OO | prmhminary I“”*-”’"
(2.5 0)

e pu—Observation consistent with expectation

—=— Data

10% |~ - Total backaround

— DrellYan

— Hadron fakes
Cosmic Rays

Ww
—ti

102~

events / (3.5 TeVic))™
I

e Set limits for different bosons:
— M(Z',,)>1030 (966) GeV/c? using . (ee) I
— M(Graviton)>921 (850) GeV/c? for k=0.1M,, using
uu (ee) 3
— M(sneutrino)>866(397) GeV/c? for C
ABR=0.01(0.0001 L —T

m;, (c%TeV)

arXiv:0811.0053v1 [hep-ex]
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* Search for high-mass X—puu resonance #

U O T e S . [T
: 2 : : ; - i :

95% C.L. Limits onc x BR(v —yfT ) (pb!

e | =231fb!
® Possible signal investigated
® Spin O (RPV sneutrino)
® Spin 1 (Z')
® Spin 2 (Randall-Sundrum Graviton)
® Selection: 2 |, opposite charge,p;>30 GeV/c
® Backgrounds: Drell-Yan,diboson,tt,fakes

® Strategy: Normalize dimuon background
template to the data from 70-100 GeV/c? and
look for resonance
at the high mass tail (> 100 GeV/c?)

® Observation consistent with expectation

® Set limits for different bosons:

— M(sneutrino)>866(397) GeV/c? for
ABR=0.01(0.0001)

— M(Z’)>1 TeV/c?
— M(Graviton)>921(293) GeV/c2for
k=0.1M,,(0.01M,,)

-
(-]
-

-
o
[

95% C.L. Limits onc x BR(Z'—uT ) (pb)

e O e A N L -+ - SE Median i
N L R A o e e S 68% of SE sefrsess

: CL VIR, THURNE. SOURNN.. SOOI I 95% of SE ;
—4— Data

95% C.L. Limits onc x BR(G*—uT } (pb)

|||||||
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Search for high-mass X—ee resonance myg=

CDF Run II Preliminary
o | =2fp? I::;aftr'
Possible signal investigated Egrgltl)-\fan
® Spin1(Z)

® Spin 2 (Randall-Sundrum Graviton)
® Selection: 2 e, opposite charge,p;>25 GeV/c
Backgrounds: Drell-Yan,diboson,tt,fakes

® Scan procedure: Use likelihood ratio L, /L_,, and scan
the dielectron mass spectrum from 150 GeV/c?to 1
TeV/c?
e QObservation consistent with expectation with the
exception of the 241 GeV/c2 window
e “local”3.8¢0
® Probability to see that from 150 GeV -1 TeV is 0.6%
(2.5 o)
® Set limits for different bosons:
- M(Z’)>966 GeV/c?
— M(Graviton)>850GeV/c?for k=0.1M,,(0.01M,,)

700 600 900 1000
Miee) (GeVic)

20 300 400 S0¢ oM T S0 90
M. (Gevic))

August 23, 2010 John Strologas, SUSY 10, Bonn 67



® Estimate fake-y from shower shapes

Photon+jet+MET+b-jet #

CDF Run Il Preliminary 2.0 o' ybj, Search

__g 350
e I—=—2fb ! g 300 y - Fake y, Real+fake b
~+ ~0 T3 (0 7 <0\(~=0 7 2 ,;:
i X = (B)(yx1) = (bex?)(vx1) — (vbeEp)g > o Wl
w 200
. . 150
Selection: 2 jets > 15 GeV (at least one b- 100
tagged), 1 photon > 25 GeV, jet-jet and jet-
photon separation of AR>0.4 50
Backgrounds: multijets+(real/fake) 0= 50
photon+fake MET - p Number of jets
e b-tac can be real or fake S CDF Run Il Preliminary 2.0 fb ybjE; Search
& & 16000F « Data

_ 'z 14000 [ Fakey, Real+fake b
e Estimate real-y/real-b from MC £12000 B Reoi, Fake b
® Estimate real-y/fake-b with mistag matrix ~ §"%% B
Ll

Observation consistent with expectation
® Expect 637 + 139 from SM and observe 617

7| Background Uncertainty

0 20 40 60 80 100 120
E; [GeV]
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0 1
UNM Long-lived top as CHAMP

e L =10fb?

® Slow particle signature : slowly-moving

highly-ionizing highly-penetrating particle

— Will look like rn.uon with possible calorimetry 100 4.7+ 0.3 a 160
energy deposition
. : +
® Goal: Measure Time of Flight mass of tracks 120 —— 1 20
e Shape of TOF mass determined by beta-resolution, 260 (2.6 £0.5)10% 0O 50
: 10
meaSUFEd Wlth W—ev ; —— Stop production cross section (NLO)
® Backgrounds: Cosmics, multiple interactions s 4 Expected Gross section imit from centraly
a |
6 1F JLdt=103fb'1
CDF Run II Prellmlnary (1 Ofb ) F E '
L - Centralplp >40 GeV __ § N
10 g Background Prediction g g i
> —— 220 GeV/c? Stop i © 10 =
O 10 - C
e F E -
g 1 100 120 140 160 180 200 220 240 260
& 'F E Stop Mass (GeV/c?)
o | Stable stop mass > 250 GeV/c? at 95% CL
0

I 1 1 1 1 I 1 1 1 1
50 100 150 200 250 300
Mass from track momentum and B (GeVIc )
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R parity violation with multileptons

he

. w0 . CDF Run Il Preliminary, 346 pb’” Moy # 0 CDF Run Il Preliminary, 346 pb”
2 F Mo=25gGeV/°2:tanB=5,u>0 g [N T T T M, = 250 Gevie?, tang = 5,1 < 0
: I - s T
g | rvnr 95% CL expected limit S LN | 95% CL expected limit
8 —— 95% CL observed limit 8 —— 95% CL observed limit
w 1= — 1= —
S CDF Run Il Limit 3 § - COF Run il Limit
© E 7, mass > 202.7 GeV/czz S T 9 mass > 106.3 GeVic?
107 - - =
- - L e =
C  LEP Limit l ] T ]
c by ey o by e b b by gy L |_||-I||||||||||||||||||||||||||||||||||||_
60 80 100 120 140 160 ~¢180 200 220 20 50 60 70 30 20 100 110
X1 mass (GeVic)) 1, mass (GeV/c?)
PRL 98, 131804 (2007)
e L =346 Qb'l M~X0 1 (GeV/CZ) M"‘Xi 1 (GeV/CZ)
® Search for anomalous production of 3 SUSY Scenario Expected Observed Expected Observed
or A,yandpu>0 105.0 101.5 191.9 185.3
>
2 4 leptons A andp<0 1011  97.7 1922 1856
°
Both electrons and muons are used A,,andu>0 107.7 110.4 197.5 202.7
A,,andu<0 102.7 106.3 195.3 201.9
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o | =322 pbt
® Process: two stops produced, each of
which decay to tau + b with a BR™[3

— Selection for one hadronic and one
leptonic tau

@ Signature: lepton + narrow jet + 2 jets
® SM Backgrounds: QCD (bb, y+jet) and
W/Z+jets
@ Selection:
— Electron or muon with p; > 10 GeV/c

— Hadronic tau with p; > 15 GeV/c

— Conversion, cosmic removalandZ = tt
vetos

— Signal region (blind) N;eis>2 and
M.( £ ,MET)<35

® Expected ~2+0.5 e+t, and observed 1
® Expected ~1+0.5 p+t, and observed 1
® ForB=1m

stop

RPV stoptotau+b

>151 GeV/c? at 95% CL

CDF Run Il Preliminary (322 pb'1)

I ! .z N ! i
.~ Oy (PP tyty)  Br(ty=br)=1100%

o 2 P 52 : i
N Obpr * O%caie = = T

95% C.L. l.éjpper Iirréﬂt:

—— Obs:erved
. Expiected (iéc)

CDF Run |, LEP (from 3rd Gen LeptoQuark Search)

(
IIIIII|

m 3 155 Ge\i//czlv
H i |

| | | | | |
100 110 120 130 140 150

m. GeV/c?

160

Phys.Rev.D 77, 052002 (2008)
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Stop-sbottom #

® L =295pbt ® Selection:
® Expected o of 50 pb to 0.25 pb for — Charged particle and EM fraction cut (l_reduces cosmics,
GeV/c2 — MET>50 GeV, no additional jets, no collinear jet and met
_ and jets not collinear or back-to-back (for QCD reduction)
Signature: c+cbar+MET and b+bbar+MET — Lepton veto and high jet track multiplicity (for W/Z+jets
Three mass ranges for each of the sbottom reduction)
and stop analyses — HF tagger (efficiency 40% and 17% for b and ¢ — 1% and

5% mistag)

* Backgrounds.:. . ® After cuts the highest source of background is
— QCD multijet (from data, normalized to low-  Mjstag and HF multi-jet

MET and MET//jet regions)

_ _ _ — the latter goes to zero for the high mass region of search)
— W/Z+jet, single top, ttbar, diboson.

Mstop Mstop Mstop . p p

00 CDF Run Il Preliminary (295 pb ) 20 CDF Run Il Preliminary (295 pb’)

<100 100- >120 (\r-d EllllllllllllI\IJIIJI'IIIIIIII|IIII|II\IJ\I\I|IL br-d ||||||||||||||||||||||||||||||||||||||||||||

O [ CDFDZRun2 — Observed ] © | — Observed 3

> 9( [_Theoretical uncertainty incl. ---+ Expected limit = ; - - _CDF Run2: Theoretical_um_:erzaimy_

120 @ "~ PDF, and renormalization (o ':; — D@ Run 2 B ® | ---- Expected limit ;:‘c;.f:‘[::; r?zn;:i:‘nso‘rzmzllzatmn
g80 | and factarization ~ 72 COF Run 1 900 ~—— DZRun2 D2 Run2 : Theoretical um:ertainty_
s3F == DZRun 1 3 [ 77 CDF Run 1 incl. renormalization and 1
= 70F ~ [ -.-.LEP ',: factorifation scale

SM 13741 95+11 43+5 e = ol ]

60F i 2 ’ ‘ ]

IVlsbottom IVlsbottom IVlsbottom 505 6ol y _.‘- §
<140 140-180 >180 wf i

20t 40l ]
SM 55+7 18+2 4.7 : 5
20 F

' 20| _|
+2.2/-0.7 , : -

DATA 60 18 3 50 60 70 80 lo'”1'(|)6' FITRTT) ‘1':;6”1')16; ofdl SISYN T Wi

3y 0 20 40 60 80 100 120 140 160 180 200 220

M(t,) (GeVic?) M(b,) (GeVic?)

August 23, 2010 John Strologas, SUSY 10, Bonn 72



Extra material
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aF

UNM Graviton Branching Ratios
1 :—LI I I I [ [ [ I |
E Il
L _
5 =T WW _
o, 01 Sy :
%0 ’E—ﬁﬁ_ e — I
s 1
= B ee )
g 0.01 |'| wo
- |ZZ| e HH
Same o
0.001 F ‘ , .
for all 5
KK : ,f M =200 GeV
modes 0.0001 L L .; T
0 400 800 1200 1600 2000
Graviton Mass (GeV)
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UNM

Feeling about the SM cross-sections #

Tevatron Run Il, pp at\'s = 1.96 TeV

ﬁom . But generic production is not
ets - .
=10° Jots o CDF Preliminary enough:
2 Heavy Flavor = CDF Published
310 . - M Theory We care about the branching
ﬁ 107 _ ratios to leptons
3 — ~11%/flavor for W
Q — ~3.5%/flavor for Z
cC
S10° W
tS 10° . Z We care about the probability
© ] . .
o : for jets to be mis-reconstructed
o 103? Wy Zy as leptons
102; 8 a ; New — Depends on the jet and
{ ||~10 orders WW wz Single Physicf? lepton identification
104 | |of magnitude! = e TOP__ tigg requirements
1; v - Z'[FZ E — 102-10*%
107 And we care about the trigger
10-23 ' and reconstruction efficiency
g H“;pﬁ' 2 w2 wyd wpt 22 HJ%VP.?;- and detector acceptance
g M, =160
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U?M Why chargino-neutralino, why trileptons? #

®  The non-excluded chargino-neutralino production cross-section at the Tevatron is of the
order of 0.1-1 pb, depending on the SUSY parameters

Baer et al. PRD 61, 095007 (2000)

106 I |\\\l I I I | I I I I ‘ I I I I
) . a) mg=mpg
\ \\\\\\ M=+mg
__10% — < N CTEQ41, PDFs—
e \ ~ =
= assoo. N\~ | Vs=2TeV
- prod. S\ \ ~ N
o N T
2 L ~ ~ NN\\ h \\\\ — +W__
10 gg+gq+dq ==
~ L~ ~~
- LEPZ2 Wie o
eXCfluded A <
100 | | | I | I | ‘\| | |
200 400 600 800

mgy (GeV)
® The leptonic decays of the chargino and the next-to-lightest neutralino give
3 leptons and MET, a signature with low SM backgrounds.

® For these reasons, the trileptons are the golden channel for the discovery of SUSY at

the Tevatron
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UNM R-parity violation #

@ R-parity violating part of Lagrangian

Lppy =t €525 LI L E, + €50, LTO7D,

ijk ijk

AyUPDID] + ¢ qu, L7 H,

2 aﬂy ijk

® uLH = neutrino masses
e LLE and LQD -2 lepton number violation
e UDD - baryon number violation

® We set limits on the couplings A\’
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UNM MSUGRA

he
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® The free parameters are

— m, the common sfermion mass

- M, the common gaugino mass

— tanp, the ration of higgs vacuum expecation values
— A, the trilinear sfermion-sfermion-higgs coupling

— Sign of y, the higgs parameter scale
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UQM Checking one SUSY benchmark point #

® This is point m,=60 GeV/c?, m,,,=190 GeV/c?, tanp=3, A,=0, u>0
— Benchmark used in CDF, Phys. Rev. Lett. 101, 251801 (2008)

® Spectrum created with Isajet 7.79

® The decay to leptons is really good and our acceptance even better
— Neutralino goes 30% to selectron, 30% to smuon, 40% to stau
— Chargino goes 2% to electron, 2% to muon, 2 % to tau, 92% to stau

® Cross section (prospino) equals to 0.47 pb.

® Masses:
— Lightest chargino ~ 122 GeV/c?
— Next to-lightest chargino ~ 325 GeV/c?
— Lightest neutralino ~ 67 GeV/c?
— Next-to-lightest chargino ~ 125 GeV/c?
— Lightest higgsion ~ 100 GeV/c?
— Heavy higgsinos ~ 350 GeV/c?
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U?M Chargino — Neutralino to Trileptons #

® Chargino-Neutralino proaucﬁon and aecay to fr||epfons is a golden
SUSY signature

— Very low SM backgrounds, cross sections of the order of 0.1-1 pb have not been
excluded yet

Decays through W/Z favorable Decays through sleptons
for heavy sleptons, but BR to guarantee final leptons, but also
leptons low preference to T =7

* Signature of interest: Three leptons and Missing Transverse Energy
(MET) due undetected neutralinos (LSP in mSUGRA with R-parity
conservation) and neutrinos
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U?M Squark-Gluino production and decay #

® The dominant squark-gluino production process
depends on their mass (0~0.1-0.2 pb for our sensitivity region)

If M.<M. If M.>M. If M.=M.then
q 8 q 4 q g
additional contribution:

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

Result: 2 jets and MET

@ 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;)
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UNM Supersymmetry breaking and spectrum e

® “Minor detail”: We haven’t discovered new particles with same
masses as our known SM particles and only a spin difference

@ So if SUSY is a symmetry of nature, it has to be broken at a higher
energy-scale and the effects are mediated to the electroweak scale.

® |n Minimal SUSY (MSSM), supersymmetry is broken by introduction
of extra Lagrangian terms
— Soft SUSY Breaking

® Minimal Supergravity (mSUGRA) is MSSM with some extra boundary
conditions and assumptions
— SUSY breaking is mediated by gravity
— LSP is the Neutralino
— Only 4 parameters and a sign (m,, m,, tanf, A, )

® Alternatively, in Gauge Mediated SUSY Breaking (GMSB),
SUSY breaking is mediated by gauge fields
— LSP is the Gravitino
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UQM Soft leptons and isolated tracks

@ Staus are expected to be the
lightest sleptons

— They will decay to one or three “ .
charged hadrons resulting to one or "
three tracks 4 "

— Or, they will decay to soft leptons >WWW/W

@ For this reason, we include
isolated tracks to reconstruct
some of the “hadronic” taus
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UNM  Current trilepton analysis improvements e

® We arein the process of extending/improving the chargino-neutralino
analysis (in addition to adding more data, currently 4 fb1in total, and new
triggers)

® \We expand geometrically
— Weinclude forward (|n|>1) regions of the detector

® We expand kinematically
— Low-p;and low-M;

® Weinclude new objects
— tau leptons

® Qur goalis the completion of the most sensitive CDF analysis
—  For the greatest discovery potential
—  For the best limits settings
—  For setting benchmarks for the current LHC experiments
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UNM Increase coverage for muons and electrons =g
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® We will use the full CDF detector, including the forward calorimeters and
muon systems.

® The forward objects roughly double (triple) our dilepton (trilepton) acceptance
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U?M Lower lepton p; and dilepton mass

he

®  Lowest p; value for most objects will be 5 GeV/c and lowest dilepton mass will be
10.5 GeV/c2. Also looser cuts for low-p; leptons will be used

® Motivation: the signal is most probably there !!

— Due to cascade SUSY decays and the preferable production of staus that
decay to taus that decay to soft leptons

®  This way we fully utilize the low-p; dilepton triggers

®  Extra backgrounds: Heavy-flavor. We have developed and tested a method that
estimates the HF with data

Example: 1 fb-! dimuons  Phys. Rev. D 79, 052004 (2009)

a = < .
g - Opposite-Charge Dimuons 5'-: B Same-Charge Dimuons
..3 B —&— CDF data a 1000— —&— CDF data
wn10° b —— Total Background n B —— Total Background
ha - b - HF
: - aool O
o B rees
§1n2 - a I
5 E 5 600
2 r 2 _
E E R
2 10 3 400
200
1E N
- ' [ PR T R N N T S T | 0
0 20 40 60 a0 100 120 140 0 5 10 30 35 40 ;5
Dimuon Mass (GeV/c?) Dimuon Mass (GeV/c")
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UNM Inclusion of tau leptons ne

®  For many SUSY scenarios and parameters o L Tau R
the staus are the lightest sleptons g 038 Ew we
0.3 Fakes | overflow 0.09727
—  Especially for high tan : Diboson (et e
bectaly gh tanp 2 ot Signal+bkg : e
®  Asaresult, we expect many tau final states g “E R
0.15
®  We catch the leptonic decays of taus through e
the soft leptons (>5 GeV/c) "B ahe 0| o
0 20 40 ) 60 : 80 100 121] 140
®  We want to catch the hadronic decays of taus, M,, (GeV/c?)
by USing tau ObjeCtS +u+T hsignalTotalMet
ntpu au Entries 1602
g 0'4 Mean 36.79
- 2 F DY+  |rMs 17.57
Initially for llt, eventully for ttX decays 2 Signal+bkg [ e o
o IFakes Overflow 0.07877
D E _ Integral 4.997
. . 0.3 IEID'b‘m" totalMet
®  We define atau using 1 or 3 tracks (for 1 or 3 prong 2 F Lo [E
. . . e © 0.25— RMS 13.61
decays) isolated from extra hadronic activity g aton 9
< o5t ‘
®  For the [m,=60 GeV, m,,,=190 GeV, tanB=3, A,=0, u>0 ] b
benchmark, our sensitivity to third taus is better than oos
that of third electrons! o - "l-— ol

MET (GeV/c?)
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UNM Event Display (1) #
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Event display (2)
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UNM Hadronic Tau reconstruction -_"_-}L

* |nl<1

o [E>20 GeV

® M<1.8 GeV/c?

® N, (innercone)=1or 3

® N, (between inner and outer cone)=0

® N <6

towers
® good tracking for seed track
® dO cut on seed track

® track-EMcalorimeter matching with seed track
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