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SUperSYmmetry |

» Standard Model is theoretically incomplete
» SUSY: spin-based symmetry iy sy
that relates Fermions to Bosons & F ,,;.

Q|Boson> = Fermion mi M
Q|Fermion> = Boson
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> Define R parity: (-1)3-0-s
R=1 SM particles If conserved, provides

R=-1 MSSM partners Dark Matter Candidate
(Lightest Supersymmetric Particle)

»No SUSY particles found yet
» SUSY must be broken -> models depend on many parameters

even in "minimal” models

Donatella Lucchesi



_ SeorchforNewPhysics |

The breaking mechanism determines the phenomenology and
the search strategies:

Model Driven,

- theory driven, optimize analysis to the searches

- explore large region of parameter space

Signature Based:

- search for unusual final states (not SM)

- optimize selections to minimize background

- interpret the results in ferm of several models

Global Searches:

- maximize the parameter space coverage

- less sensitivity but can give hint on possible deviation from SM
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Experimental Approach |

® Lepton-only final states

e/u identification well understood

T id more complex

Straightforward and efficient approach to search for anomalies
® .+ MET and Photons

wealth of models and exotic process

detector effect are important, need to be understood
® .+ Jets and Heavy Flavor

more complex signatures

Need to maintain high S/B
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Model Driven Searches
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v mSUGRA: minimal supergravity grand unification model provides a
good reference model (5 parameters)

v Consider production with highest cross sections
B Small masses (chargino/neutralinos) or m=iGer.n, =306er

. . A4,=-300,tan =6, >0
large couplings (squark/gluino) &0 - Squarks and
. = gluinos heavy
I L - 1st and 2nd
w5 _
) L ) 600 b TN generation
b]: g8, Q0. 1T, FoF .09, 7o L .
PRI PR EE B0 L T HY ¢ -+ | squarks are
S =2 TeV —_ - H.A N Xd: X2
_ ) % |'_ — 1'1‘ .|||. |: mass
- O 4001 ‘ | degenerate
= h mixing of 3
i ‘w=== =] | generation
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o~ Lo also expected | |
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Donatella Lucchesi 6




Y’ Zx 1Produc’rlon Trileptons |

Assume R" conservation and

X ,is LSP (light stable particle)
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Main Background:

Z+y, DY, di-bosons

Donatella Lucchesi

> Low cross section:o x Br < 0.5 pb

Clean signature:

» 3 isolated leptons
» MET due to v

> no jets

» Z veto



X X, Production: Trileptons

Search for 5.%,, COF Run Il Preliminary, 3.2 i’ |

iusons

20 40 60 B0 100 120 140 160 180 200
Missing E, [GeV)

Control regions in MET vs M,, phase-space

Background validation done in
the control region 76<M <106

Chargino mx *,<164 (155 Exp.) GeV

is excluded

® Good agreement with SM background

DO [ Ldt =23 b~ CDF [ Ldt=2.0 fb~!
Background Data Background Data
low pr 5.440.6 9 Trilepton 1.47+ 0.21 1
high pr 33104 4 Lepton+tract 9.38+1.44 6

Data compatible with SM
Set limits in the mSUGRA model

Benchmark scenario:
A%=0,tanf3=3,n >0

CDF Run Il Preliminary, 3.2 fb!
1.2

LEP 2 direct

Theory o, - BR

1 \ limit ] Expected Limit+ 1o
Expected Limit+ 2 ¢
---------- 95% CL Upper Limit: expected
0.8 \ Observed Limit

mSugra Mﬂ=60, tan =3, Aﬂ=0, (w)>0

,— 3 (pb)
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e by v vy b b v b v by by
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Chargino Mass (GeV/c?)
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.D-Q - 2I3Iftlj1 — T 'S' I h f U CDF Run Il Preliminary, 3.2 fb™
; . earcn ror . x ; 260 o ora tan pe3, A=0,(u)>0 served Limi
300~ mSUGRA B DO observed limit _ " ) -Ebptj i
_tanf=3,A =0,0>0 mmm DO expected limit | M), M) > ) S LEP irect imit | 170
- & — CDF observed 1 24~ S ]
- - limit 2.0fb7) I El
250— S N I 150 <
B S & 1 5220 1S
; i 15 £ |
200 LEP m Rl
" Slepton i . Eb
_ Limit . 180 110
150— LEP Chargino Limit a \\§100
AR TN SN T [N S TN ST W (NN TN TN SO SN Y ST SR SR SO (N T WO S 1 T IS AN NN NN N
0 50 100 150 200 250 20 40 60 80 100 120 140 160 180

m, (GeV) m, (GeVi/c’)

Use common scenario tan(p)=3, A,=0, p>0
Limits depend on the relative masses:
~, > my increases BR to e/p

~, = my reduces acceptance to lowest-p; lepton
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Process:

~N

dd—aax ,°;° (M, < m,)

Search for squark and gluino |

RN Tl 4 - qqax ;X ;° (M, ~ m,)
o o ~ g9 — 99qgx ,°X ,° (Mg > m,)
TR Final states with Jets+MET

- MET>70 GeV s COF Run ll Preliminary L=1.4fb"
- At least two/three/four jets il [ whole datase!
with ET > 25 GeV mmsf —jeabwion
- Ap (MET-jet)> 0.7 10
(first two/three leading jets) 10
- No reconstructed Z from tracks
0
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Signature Based Searches
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Di-leptons searches:Starting Point |

Search for resonances in ee/py above 150 GeV

- lepton id well under control q

- Z peak used as reference

- clean events Excess? _
3.8 standard g

deviations over SM.
Keep monitoring

Evertsii0 Geig)

Data

B misidentified Events

Total Background

Total Background + Signal

DO 1 b’

Number of events/

......... |

10 200 30 40 500 800 700 800 900 1000 100 200 300 400 500 600 700 8OO 900 1000
M(ee) (GeVic) M, (GeV)
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_Di-leptons searches:New Phyiscs searches |

New Physics limits

- understand very well data spectrum in term of SM process

- calculate new signal acceptances and trigger efficiencies

- derive the number of expected new physics events

- if no events found in data calculate 95% CL cross section limit

and set particle mass limit N
CDF Run T1 Preliminary CDF Run II Preliminary

i 52 |L=25 1"
Cross Section Upper Limis (95% C.L, spin-1) L*—Eoi:mum eXCIUde 950/0CL _ﬁmmml’nwhm{mﬂ spin-2)

— Observation
—--- Expectation

Z' with SM coupling

with mass <966 GeV

Z,

/¥, =0.1
— KW, =0.07
— kWy=0.05

ki#,=0.025
— WM, -0.01

|
-

Randall-Sundrum
graviton with
mass< 850 GeV

AP T R T BT N L A W T
MY NI PR SIS PRI PR FEL S PR l2[I] J0 400 50 600 700 800 900 1000

o000 w0 6w o aon, 1o excluded at 95%CL W, {GeVic)
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_Di-leptons searches:New Phyiscs searches |

New Physics limits

- understand very well data spectrum in term of SM process

- calculate new signal acceptances and trigger efficiencies

- derive the number of expected new physics events

- if no events found in data calculate 95% CL cross section limit

and set particle mass limit N
CDF Run T1 Preliminary CDF Run II Preliminary

i 52 |L=25 1"
Cross Section Upper Limis (95% C.L, spin-1) L*—Eoi:mum eXCIUde 950/0CL _ﬁmmml’nwhm{mﬂ spin-2)

— Observation
—--- Expectation

Z' with SM coupling

with mass <966 GeV

Z,

/¥, =0.1
— KW, =0.07
— kWy=0.05

ki#,=0.025
— WM, -0.01

|
-

Randall-Sundrum
graviton with
mass< 850 GeV

AP T R T BT N L A W T
MY NI PR SIS PRI PR FEL S PR l2[I] J0 400 50 600 700 800 900 1000

o000 w0 6w o aon, 1o excluded at 95%CL W, {GeVic)
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Tau final states searches

seed track
\‘

not associated
with tau candidate

Efficiency [%]

N
T c T

*\

— signal
— Isolation

40

Di-taus:
one T decays leptonically

one t decays hadronically:

64,3 1 or 3 tracks in an isolated

0,,30°

cone

.‘...,-—.-".—‘—.—.-'+'—.—|_._. -

Tau Efficiency (Rec + ID)
CDF Run II Preliminary

8

50

100 150

E,. [GeV]

200
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o(pp—Z')B(Z'>17) [pb]

Events / 5 GeV/c?

High Mass 1t Search
CDF RunII Preliminary 195 |::|h'1

uoibay |oJjuon
uocibay |eubis

. Z—1

.Othar Backgrounds

P s

-
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m,;, [GeV/c’]

10 |

CDF RunTI 195 pb™’
Preliminary
Z'>1T

95% CL
upper limit

sequential Z'
cross section

300 400
m,. [GeWc7]

500 600
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®— 11t searches

In the Minimal Supersymmetric Standard Model at high tan(p)
higgs neutral sector simplifies: A and h/H become degenerate = &
&->bb (90%), &->t'1” (10%). &->t"1 searched looking at visible mass:

7,T, channel

20

160

120r

80r

401

50 100

m, (GeV/c?)

Preliminary

CDF Run Il 1.8 fb1 | |
MSSM ¢t Search| |

+ observed
[] A—tt
] Zi*—Te

[ other EW, tt

I jet fake

150 200 250

100¢

100

50

my = 140 GeV

150 200 250

m, (GeV/c?)

TeThad T Ty Thad channels

1000

800r

600r

400r

2001

CDF Run Il 1.8 fb-1 | |
MSSM ¢—tt Search
Preliminary

{ observed
[] A—=tt

[]zZA*—tt
[ other EW, tt -
I jet fake

100 150 200
m, (GeVic?)

mpy =140 GeV

—

250

100 150 200 300
m, (GeVic?)

Donatella L.ucchesi

50

o(pp—~¢$+X)-BR($p—17) (pPb)

combined limit

MSSM Higgs - 1t Search, 95% CL Upper Limit

100

10E

0.1

T Il T T ] TTrJrrrJyrrryrrryrrrri 4
=

CDF Run Il Preliminary, 1.8 fb"!

= Observed

M 16 band
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L1

[ I Y N N NI N i
160 180 200 220 240
m, (GeVic?)

I I I
100 120 140
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Di-jets Final States:mass bumps |

Selects events with two high P_jets = - g—— et """"‘“““‘::flf’;f':m
Look for bumps in M, cross section

Prob 0. 5127

Mjj [pbi{ GeVic™)]

(Data - Fit) / Fit

Excited quarks
Dijet mass spectrum
from QCD and excited

- 400 600 800 1000 1200 1400

quar'k pr'OdUCTiOn. = 10 CDFERun lIgPreliméinary " M, [GeVic’]
Excited quark AN R B S e
mass=300, 500, oy O\ AT Hﬁj\y/\yxt;
= I R o VIt

700, 900, 1100 GeV/c?. >\ L S ——— R R

: : 107 ‘ 0. S —
Excited quark decaying . a3

. o o (1| S T T L
to a quark-gluon pair e 0500 "m0 6w s 0w f200

10 e e N M, [GeVle]

simulated with Pythia 2000w ofh | 2% o
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Di-jets Final States:mass bumps con’r'dl

New particles

CDF Run 11 Prehmmary, L13m™"
—10° - . _
Red: 2 F\ . ——e— 95% CL limits (for R-S G, Technirho)
. o ? -"n, —— CL limi (fDr he others) :
||m|1-s On The Randall_Sundrum .%_'_1.325 ............................ *e "'«, ................... 95; ................ E ........ t ....... TEChnlrhn ...............
gr'GViTon and COIOr.—OCTeT E-mf *‘i‘ ................................................ _RS.G HMP‘ DT]
. ,E ; — Excited quark
Tec hnl r'ho ] B e AxigluonfGnloro?
<l - =« BB diquark
Black -l -
ac & .
||m|'|'s on The exci-red quar-k' “107 5. ......................... ,* ................. .;....'..‘.-.é;: .....................
axigluon, flavor-universal coloron, :L. . . 1. . 1 =N\
400 600 800 1000 1200 1400

and E6 diquar'k Mass [GeV/c’]

These limits are compared with theoretical predictions for
these particles production.
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Di-jets Final States:bb

100

aurkpy 20 GoVfe iz | 1| Inclusive bb is hard due to QCD

o == 1 background me’
S =71 Require a 39 b-jets ="
B ] Good compromise between %

... . " signal and background rate

M, (c,ﬁ.'}

M,,, inv. mass of 2 Ieadmg jetsused  Result:
to SQPGPGTC Slgnal fr‘om backgr'ound g 5 C.L upper lmits CDF Run Il Preliminary (1.9

L]
]
COF Run Il Preliminary (1.9/fb) CDF Run Il Preliminary (1.9/fb) 8180 -« expected limit
Qo o bm C o0 B bbb 2 160 M 1oband
> 02f > B bbx '%140 B 20 band
8 0175 Wb G 500 B beb T —  observed limit
w o B beb n B bgb = 190
T ok B b T B m=150 i
g : q o 400 b o 100
Qo025F ] X
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& o1 | 2 300 3 80
& E | o o
0.075 F | + 60
: 200
0.05 :_ { I
05 T 40
: 100
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Photon + MET |

Photon+MET rare in Standard Mode| mm sensitive to new
high-energy invisible particles. Photons can be radiated by incoming
parton or be produced in the decay chains of new particles.

One model: Large Extra Dimensions.

Large Extra Dimensions (LED) by Arkani-Hamed, Dimopoulos, and
Dvali (ADD): qq->v6, q9->96.,99->96.99->96

Data Selection: 1#F  CoF Runll Prelminary, 201"

-+ Zy, Z—sw i
Central Photon E >50 GeV B z//;% o | Main
Missing Et>50 6eV 5 [EEC 1 Eer Thgckgrounds
No jets with Et > 15 GeV & < j/ | ] J
No tracks [ ///// _

1E IR I

1 | 1 1 | ‘ | 1 1 | 1 1|
60 80 100 120 140 160 180 =180
Missing E; (GeV) 21



Photon + MET :Results

10°E |

%

Events/Bin
=)
T \‘

CDF Run Il Preliminary, 2.0 b

Zy, Zvv
P W-oelptoy
vy, losty

60 80

MD:4+n dimensional Planck scale 6

Missing E; (GeV)

h=N of extra dimensions

8 Non-Collision
_x“si::fzt;m;gv'
=

1_|‘||\‘||\ 11
100 120 140 160 180 >180

MET distribution including

| /ex'rr'adi mensions, n=4

7] S CDF Run II Preliminary

— CDF y +E, (2.0fb")
B CDF Jet + B, (1.1 1)
--- LEP Combined

1.2 - - - - - :

—

My Lower Limit (TeV)
o
[os)

2 3 4 5 6
Number of Extra Dimensions
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__ Lepfoquarks searches |

Leptoquarks are proposed as link among quarks and leptons, with
fractionally-charged color-triplet bosons carrying both lepton
and baryon quantum numbers. Leptoquarks appear in a wide
range of theories, including SU(5) grand unification,
superstrings, SU(4) Pati-Salam, and compositeness models.

1 Generation 2™ Generation 3" Generation

LQLQ—ee'qy LQLO-ppqy LQLA—wtqy Final states with:

— __ _ -jets
LQLA-e'v.qq LQLQ-'v qq LQLA-Tvg, -]]ep tons
LQLQ-v,y,qd  LQLQ-vy,qq  LQLQ-vy q) -neutrinos (MET)
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Leptoquarks searches cont'd |

First generation:

* di-electrons + jets Main background:

* electron + MET + jets W+jets, top, Z+jets
* MET + jets

Second generation:

* di-muons + jets Main background:

* muon + MET + jets W+jets, top, Z+jets
* MET + jets

Third generation:

* di-taus + jets Main background:

* tau + MET + jets W+jets, Z, QCD

* MET + Je.rs Donatella Lucchesi 24



Leptoquarks searches: Results

Search For First Generation Scalar Leptoquarks

Search For Second Generation Scalar Leptoquarks

1 1
O .. F e St @ Al
ll\ 0.2 /l\ og B s é.&g.&,,&,,jieis .........
Ol 0.7 B g O oz B 8 R s e
- s fo N - rYy: = - T T
Nt ~—/ i
€ LsFE 2 Rl (&

0.5 ..........................................................................
an an
|| DS =i i i ] Gl R AR || 04 il udie gl
u 0.3 m 03 P i

CDF Run Il Preliminary,203pb* CDF Run Il Preliminary,198pb ™

N TR R R A P R P S SR S SR
100 izo 140 160 1s0 zo0 2z0 z40 ° 100 120 140 160 180 200 220 240
Leptoquark Mass (GeVFc ) Leptoquark Mass (GeVIcz)

CDF Run II Prelimmary (522 po )
T T T T | T

S 10-2 H ] T T LI B B B S S N L =
Y E GR@PPA+PYTHIA Monte Carlo =
e - B(VLQ_ — tb)=100%, CTEQSL .
- - *Yang-Mills Couplings -
O 10 > DD e Minimal Couplings —
5‘ = "1 Theory Uncertainty (+ Y02, +02,_.)
o | Observed 95% C.L. Limits
C
o 1 Ereg N --<-- Minimal Couplings _|
> = S —e— Yang-Mills Couplings>
% | - |
=107E:_ g PEE) 3
o - 2EE &2 2 .
CEES = 25 M>251 GeVic® .
O30 SEY M >317 GeV/c® : ]
| 1 | 1 | | | | | | 1 | 1 | | | 1 | | 1 | *h | 25

| 1 | |
200 250 300 350 400
Vector LQ, Mass (GeV/c?)
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Non Standard SuSy Searches: B ->up |

SM r b MSSM

o
-:l
wl

~ lan’B

SM: BR=3.42 x10®° gysY enhance ~(tanP )8 _ m,,—3 TeV. m,=0.7 TeV

A second interesting class of

models that predicts enhanced

rates of Bs — pypy decay are

S0O(10) symmetry breaking models

/' Sensitive to new physics:
SUSY particles show up in loops

: (or direct decays if R violation)

800 —

500 =

200 -

100 L1 Il Il 1 I 1 1 L1 Il Il 1 Il 1 1 1 Il 1 I I N S | 2T I
] 100 200 300 400 500 600 700 800

M, (GeV}
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Non Standard SuSy Searches: B ->up

Number of candidates B ->up normalized to the number of B'->J/yK’

L. -1 = CMU-CMU
CDF Il Preliminary CPF ] P_I‘F-‘!Imlnal'yﬂ (2 fb A) ., 2 CMU-CMX

~ t‘:’. N -
L -1 ] = - - o =
E 2fb ; Prob 0.09248 3 58l . L .
102500 = LN A X .
-~ F = r & ASA
.§ L 5.6+ e Lt dw - i - .
S20000 N(B") = 11387164 - . - N
" 5.4 P s . BBS
[ L - Lm .Y - s o - Aaa. '
- B)>4 GeV/c L S A T = . " e
15001 P-(B) 5.2 '_ I San ’ 7By
. In(p)1<1.0 ", " FOURI L s
1000 e 5L et e e
i , CDF Il Preliminary 2 fb R L S S e ap
o~ L] agtem oo '3 L
[= -+ (%] - ro- - - Aﬁ =" Aﬂﬂ [] Aﬁ - o - lﬁ “am
SOO—I P NS S H N A U S A A N NN NN N O SO AN N AN SN TN U O \er+ % Bs(d)%“.““ CMU-CMX 83_ - I.‘l "a " a. s " ﬂA. aﬁ .:E. - [ ] .ﬁf
515 52 525 53 535 54 = = 32 ST T L B
invariant mass / GeV/c? = | NN>0.995 o 3 0.9 0.95 1
Ny 'E £ NeuralNet Output (NN)
g B
£ 2- =5
c QO -
] = @
o 3
n =, h
sideband m D sideband AfTer' the cut
> 4+ <
1 NN>0.995
oL | | \ | |

4.8 5 52 54 56 58 27
MHHIGeWcZ



B (B, > 1) and Cosmological Connection

95% CL Limits on B(B ¢ — uu) mSUGRA at tanf = 50
3 Arnowitt, Dutta, et al.,, PLB 538 (2002) 121

B 10T

100 1 . ' 1 '(JlCDF 1 ]000 -[ 1 LI I! rrTrrrrynrd i 1] 11‘ L I:i T i iiiiiiiii )
§ K ' _ /
@ CDF Expected | L Ay=0, p>0 4
|- | - I i — =1
PRD 57 (1998) :mé!j | ADO : : tanp=50 :
~ o % 4
o ' T X Tevatron B i
- (CDF+D0 Lum) 800 - ?—. Y. 11<10""
x CTHL - o 2R iy 1
10 B o A 4! i
c 11 pdp %, Y s 7
o PRL 93 (2004) 052001QO P e T Y 7
— A > - e e i 7
Q ; o ch X ) e “
= | ST 5 AL & Gt -
© PRL 94 (2005) 0718024 3| | | <O 600 - B, iy -
= - s e VD SR |
= RN AL "= S EC’ E o A B ) : 7
PRI 3072000 221600 - i il % w2 2 L% : .
= hep-ex/0508058 —= X F:milab-Pubfo?-sas-E & e S T 5
| - g ' : &
'S 1 COF Note 81764 y - 5 Py ] : -
= EE AP o AR RN & ; L e'e‘ i
E D0 Note 5344 77 [ N 400 = . ,‘ ‘ .a'\\o-q._. I —
m 2 P w‘@*ﬁ;ﬂ i &
N o b -
S o W% -
B : A ]
TR Al I..'IE IIIII “'I L.l rlll.i llllll E! L I i LE_L IIIIII 2

0.1 200

10 100 1000 10000 200 400 600 800 1000

Luminosity (pb™) m, ,[GeV]
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Model Independent Searches
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Model Independent Searches |

Wide searches for deviation from Standard Model:
Vista (model independent), Sleuth(quasi model indepent)

CDF Run II Preliminary (2.0 fb") CDF Run II Preliminary (2.0 fb™1)
Final State Data B&Ckgl‘Oﬂﬂd g O SLEUTH Final State ’P
betp 690 817.7+92 —43-27
vt 1371 1217.6 + 133 +4.0 +2.2 (i 0.00055
pErE 63 352+28 3.7 +17 (0 g 0.0021
b2jp high-Spr 255 3272+89  —3.7-17 ,
2j7'£ low-Lpr 574 6703 +£86 —3.6—15 £y 0.0042
irT low-Spr 148 1998+ 52 —3.5-14 0y 0.0047
e pr 36 172+ 17 435 +14 (et 0.0065
QrErT 33 621+43 —35-13
et] 41710 764832 + 6447.2 —3.5 —1.3 _ ,
jort 105 1508 +£ 63 —3.4 —1.9 Most discrepant final states

Most relevant searches
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Model Independent Searches: Results

. e CDFRunll Data . .
biYpr-a0cey  |mmome ™" | Jet mass in events with
ECDF Run Il Preliminary (2.0 b)) | P?tw;gj;{:loqg%/o .
» 2000 — oty | 1btagged jet
g - 2 jets
@ 15000
1500, ¥ p1>400 GeV
5 1000- o CDFRun I Prelimil;l)aryo(%boogl%' )
-CE’ C £ gof . COFRuniidata —
5 _ S T = Piha Zimn: 20
Z 500- L - 1 Pythiajj: 20%
8 ; 25; E E)/I{ahcllfvent Z(—pp)j:6.5%
0+~ E f
_ 2 20
M(j) (GeV) -
MC does not reproduce data o ‘
This combined global search for new .- +
physics reveals no indication of : - IR

°O

50 100 150 200 250
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