


The Standard Model

= Matteris made out of fermions:

o 3 generations of quarks and leptons a
. -
= Forces are carried by Bosons: S "
o Electroweak: yW,Z g 2
o
o Strong: gluons " 8
Measurement Fit  |O™*_Qgmeas g O
0 1 .2 3 - o
| n —
m, [GeV] 91.1875+0.0021 91.1875 3 LE
I; [GeV] 2.4952 £ 0.0023 2.4958 Three Generati ¢ Matt
ol bl 41540£0.037  41.478 ree Generations ot Matter
R 20.767 £ 0.025 20.743
A 0.01714 + 0.00095 0.01644
A(P) 0.1465 £ 0.0032 0.1481 . .
Ry 0.21629 £ 0.00086 0.21582 Remarkably successful description
R, 0.1721 £ 0.0030 0.1722 f k h .
AP 0.0992 + 0.0016  0.1038 oI Known pnenomena.
A’ 0.0707+0.0035  0.0742 F  predicted the existence of charm,
A, 0.923 £ 0.020 0.935 .
N 067020027 0668 bottom, top quarks, tfau neutrino, W
A(SLD)  0.1513£0.0021  0.1481 and Z bosons.
Sinegy Q) 0232400012 0.2814 * Very good fit to the experimental
my, [GeV] 80.399 + 0.025 80.376 d _I_ f
Ty [GeV] 2.098 + 0.048 2.092 ara so far
m, [GeV] 172.4+1.2 172.5 but ...
July 2008 6 1 2 3
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The missing piece: the Higgs

What is the origin of masses?

6 Jdy 2008 m . =154 GeV

- Within SM, Higgs field gives mass ro _

Particles (EWK symmetry breaking) s Wil M- |
. . 1 i —D0.02758£0.00035

SM predicts existence of a new : 3§ 0.0274840.00012

massive neutral parficle 44 W% o incl low G dara -

Not found yet! N%e o |

Theory does not predict its mass -

LEP limit: m,>114 GeV @ 95% CL al 1

Indirect limit from EW data: 1- .

- Preferred value: m, = 84+34,, GeV 0 | Excluded "\, / Preliminary |

-m, < 154 GeV @ 95% CL 30 100 300

m, [GeV]
with ag (M,) = 0.118520.0026, Aa(5),,,=0.02758+0.00035

WOULD THE HIGGS DISCOVERY
COMPLETE OUR UNDERSTANDING OF NATURE ?
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| Beyond SM: the Unknown

The Standard Model is theoretically incomplete

f * Mass hierarchy problem
H . . . . . £ : Chemical Elements : .
- = = =—-> radiative correction in Higgs sector == “”‘““"::t::jjjf"*’“
e Unification Stars:
2 o~ A2

Amy® =~ A e Dark Matter _ Free

/\ — MpI ? . ’ a—{ 4%

* Matter-anfimatter asymmetry R

= Many possible new parficles and theories
o SuperSymmetry

o Extra Dimension Can show up in direct
searches or as subftle

o New Gauge groups (Z', W') deviations in precision

o New fermions (e*, t', b’ ...) measurements

a ...
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\ Outline

Tevatron and the CDF and D@ experiments
Tevatron sensitivities: achievements understanding the SM
The SM Higgs

Searching for physics beyond SM

o Supersymmetry

=  MSUGRA-inspired searches:
o Squark/gluino
o Third generation squarks
o Chargino/neutralinos

= GMSB-inspired searches
0o Searches in Diphoton+Missing E;

o Extra-dimension and new gauge bosons:
= Search for high-mass resonances

Perspectives for the LHC

]
Tevatron

E+.

"Particles, particles, particles."”
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\ The Tevatron

Highest-energy accelerator
currently operational

Peak luminosity 2 > 3.4 *102 cm-2 s-!
Integrated luminosity/week - ~ 60 pb-!

Collider Run Il Integrated Luminosity

B0.00 BO00.00
S 0o W Delivered: 6.1 fb-!
LI l s Acquired: 5.1-5.3 fb"!
g 3
) £
£ : g (CDF/ DQ)
2= 20 -*i]' i LR 200000 €
g 2

000 + 0.00

L} a5 [ o 125 155 183 215 245 275 s 335 365 305
Week &

(Week 1 starts 03/05/01)

| = ‘feekly Imegraled Lumingsty  —4=—FRun Imegrated Lummosiy |
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Data Taking Efficiency
01/03

5 1 e B i
509- o i E
508t =
075 =
. . 065 i -
Took >1 years of collisions to 055 : -
0.4/ ' ' ]
get to stable high efficiency pap. | s R s -
= 20 Store Ave (Acquired) =
0.2 ; 20 Store Ave (Good) 3
0.1; 20 Store Ave (SVX) : .. . March 09
&6 2000 3000 4000 5000 6000 7000
an 02 store number
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‘ Tevatron Sensttivities

Tevatron Run I, pp at \s = 1.96 TeV

’_1010
2 Jets = Jet fi
—10°] s o CDF Preliminary €1 Cross section
2 it Heavy Flavor = CDF Published measurements, heavy flavor
: 3 . . .

3 M Theory physics, inclusive W/Z
010’
S
S 10° ﬂ
S 10° w .
5 - L 32 = Precision measurements
210%1 - (Top properties, observation
| 3 ]
T10°] | Wy zy of rare processes...)

102_; 82 8 New_

i ||~10 orders WW £ wy Single Physicl?

104 | |of magnitude! e o Top 4o sl
n) 117V - Z-.T—Z 7 = New Physics searches,

10 looking for ‘the’ unexpected

10“2 J | | | ] ] ] | wo] I I I |

ots Hea, W 2 Wy, 3 Wy tF Wz t 22 H,,Ne,
J’Fiavor e

Both CDF and D@ have a very rich physics program!
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Knowledge of the SM: QCD and EWK

Test of Next-to-Leading Order
perturbative QCD

- d o inclusive jet cross section
o—r =  Probing distances ~10"Y m
= Constrains gluon PDF at high-x
v jet
o L(>ete-)tjets o W Mass and width

n Clean signature, low background

CDF Run 0/1 —e——  80.436+0.081
= Test ground for Monte Carlo tools
10" Phys. Rev. Lett. 100, 102001 (2008) 00 Rum | ‘ BTS00
—_ E —e— CDFData L=1.7 "
@ F Systermatic uncertalnties CDF Run i —e— 80.413 + 0.048
‘E‘“ : —=— NLO MCFM CTEQS.1M
‘o 10* corrected to hadron level Tevatron Run-0/I/ll —e— 80.432 + 0.039
T ——— B =M+ pT(Z), R, =13
. - —_ NLO scale p = 2p i p = py/2
;N‘; L - - - NLO PDF uncerainties _EP2 average Lan o 80.376 + 0.033
E 10° — —&— LO MCFM hadron level
x E —— World average (prel) 8- 80.399 + 0.025
© 10° ;_ DORunll m,(prel)  +—— 80.401+ 0.044
= —_——
C ' | | |
C 80 80.2 80.4 80.6
o 185 my, (GeV)
218 M,y = 80413+48 MeV (CDF, 0.3 fb™)
0 14 =t — _
g 14 S = 80401+44 MeV (D@, 1 fb)
(14 =
i I, = 2032473 MeV (CDF)
1 2 LY world’s most precise single measurements!

jets
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Knowledge of SM: top physics

Top quark discovered at the Tevatron in 1995

Very extensive program on top physics:
o Precision measurements of top mass

o Top cross sections, properties...

Mass of the Top Quark (*Preliminary)
CDF-I di-l 167.4+£10.3+ 4.9
DO-I di-I 168.4+12.3+ 3.6
- i
CDF-Il di-l 171.2£2.7x£ 2.9
- . e
Do-11 di-l 1747+ 291t 2.4
&
CDF-I 14 176.1+ 5.1+ 5.3
. ‘_-_.—_.

DO- I+j 180.1+£ 3.9+ 3.6
% =@
CDF-I1 I+ 172.1£ 0.9+ 1.3
* =
DO-I1 I+ 173.7£ 0.8+ 1.6
CDF- all- 186.0+10.0+ 5.7
- 2 _.—
CDF-Il all-j 1748+1.7+£1.9
* .-_'_—
CDF-Il trk 17534+ 8.2+30
“Tevatron March'09 | 173.1+06+ 1.1

T (stal.) % (syst]

| | | xé/dof = 6.3/10.0 (7|9 %)
|

150 160

170 180 190 200
m,, (GeV/c?)

q t {?
R . “‘_-
9 \ ;9
# 3 y
a g
85% 15%

N
51

Events/(10 GeV/c)

- N

151 =]
IIII|IIII|IIII|IIII|IIII|II

10

Mo, = 173.1 £ 0.6 (stat) = 1.1 (syst) GeV/c?

Monica D'Onoftio, IFAE

CPPM, 3/23/2009

2-tag: 99 events

[ ]Data
Signal+Bkgd

o]

L2 Bkgd only

CDF Run Il Preliminary (1.8 fb'1)

\

[~
,/A_m L T p——

L t—
200 250 300

350

’3:" (GeVicY)
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| Knowledge of SM: rare processes

= Observation of Single top (CDF/DO = DiBoson cross sections
release results on March 9t )

O s.channel = 0.9 Pb O t-channel = 2.0 pb

q ¢ S
/
ARV AV AT,
/ w b
q b

DD :0,+0,=3.94+0.88 pb
CDF: 0 + 0, =2.3+0.6-0.5 pb

Measurements of W/Zy,
WW and WZ cross sections

CDF Preliminary Single Top Summary

For M,, = 175 GeV/c’ o(WW) =13.6 + 2.3(star) + 1.6(syst) + 1.2(lum) pb

ikelihoed Function ™ vses o(WZ) = 4.4 (stat) £ 0.2(syst) £ 0.3(lum) pb

Neural Nejwork
(3.217)

Consistent with NLO calculation

ZZ production - Evidence at CDF
Observation at D@1

o(ZZ) =1.48 = 0.59(stat)*> pb

—0.19

Matrix Element
(3.217)

Likelihood Function
(3.21m7)

Boosted Decision Tree
(3.2m7)

Combination (Lepton+Jets)
(3.217)

MET+Jets,
21m")

Combination (All Channels)
‘ (3.2f°)

-5 0 5
Single Top Production Cross Section (pb)

The focus is now to uncover the unknown ‘
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'Needle in the haystack

= Every measurement we make is an
attempt to find New Physics

= When searching for a needle in a
haystack, the hay is more
important than the needle...

= Many searches are extensions of
SM measurements.

- Model-inspired searches —> Signature-based searches
o Theory driven 0 Signature driven
0 Model-dependent optimization o Optimize selection to reduce
of event selection backgrounds
o Set limits on model parameters o Event count; event kinematics
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SM H iggs Production and Decay

2 1.0 ; = Direct production gg—H

E e Production | o Highest Production rate

U o Largest background

% = Associated production ZH/WH

G ® o Leptonic vector boson decay helps for

triggering and signal extraction

Excluded by LEP

100 120 140 160 Nﬁ!ﬂ(GeVlﬁftﬁ)

Branching ratio

e Low Mass (M, <135 GeV/c?)
= Hobb mode dominates )
- WH-Ivbb, ZH - vvbb , ZH - llbb

VBF Production, VH - qgbb, H - tt(with 102 %
2jets), H-yy, WH->WWW, ttH = \!
* High Mass (135<M,<200 GeV/c2) ",.E: — )\ \ "
= H-WW mode dominates ol N NN T~
100 120 140 160 180 200
myy (GeV/c?)
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Higgs— WW — Wilv

Most sensitive channel for high mass Higgs
Unbalanced transverse energy (MET) from v

E =) En
2 leptons: ey, 1-e,l (must have opposite signs)

Events / 0.2

o Keyissue: Maximizing lepton acceptance
o Primary backgrounds: WW (and top in di-lepton decay channel) W+ et
Higgs is scalar = leptons tfravel same direction ) pudind
In t-channel WW, W are polarized along the beam direction v \a e
C0F R Prliminary [cesse ¢ Use Matrix Element and
100/ M, = 160 GeVic* - Neural Network methods
77
o + v Results at my = 160GeV : 95%CL Limits/SM
—HWW = 10

- Data

L (fo'!) | Higgs Events | Exp. Obs.
CDF |3.6 20.0+2.5 1.5 1.5

D@ |[3.0-42 |232+0.1(stat) | 1.8 |27

25 3
Aol

Both experiments approaching SM sensitivity!

CPPM, 3/23/2009
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‘ SM nggS himits CDF/D0 combination

Tevatron Run Il Preliminary, L=0.9-4.2 fb™

_I -II 1 1 .I. L .I I I | I 1 1 1 L 1 1 -I 1 ! I I I 1 ! 1 I 1 I ! A -I-_[ I- ! I I I I ! I 1 I 1 ! I I I 1
E ooccccc LEP Mmool Tevatran. |
e O der ooood Exelusion
& o mmms= Expected s WK i i
N A K AKX . — Observe. (o S WA AA LA 5 5
- 10 ::':.:":..:'2:::':':'f':":fzf::::::“:::::g‘!:c_?:égggt&#:::::::::::::::::::'E:':"f-::::-ii:’:::'i::::::::::::::::::::::::::::j:::::::::::::
| DRI ... (- o-Expected---{---- o s et e =
O s A s L osnrmnsen eastmsmmities baoerretemeny T =
B‘?‘ M SN
T B P S O AT R
o
1 } .
- SM s s s O i 5 .
i | | | | RO - Maehi s, 2009 . ¢

70 180 190 200
m(GeV/c?)
Expected limits of 1.1 and 1.4 x 0,,, @160 and 170 GeV/c?
Tevatron exclude @95% C.L. the production of SM Higgs in
the mass range 160-170 GeV
A ~30 GeV window [154:181] excluded @ 90% CL

hitp://www.fnal.gov/pub/presspass/press_releases/Higgsmass-constraints-20090313.htmi
Monica D'Onoftio, IFAE CPPM, 3/23/2009 16
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\ Supersymmetry I

= New spin-based symmeitry relating
fermions and bosons:

Q | Boson> = Fermion

Q | Fermion> = Boson Quarks = @ Leptons @ Fores SQuarks |3 Sleptons (@ SUSY Fprce
gaugino/higgsino mmig
= Minimal SuperSymmetric SM (MSSM):
o Mirror spectrum of particles Q =

: Naturally solve the re + O— =}
o Enlarged Higgs sector: two doublets hi h b
with 5 physical states lerarchy problem

H,.H, 0 - h,H,A, H* {::h Oy -

= Define R-parity = (-1)3EL+2s If conserved, provides
o R=1for SM particles Dark Matter Candidate
o0 R =-1for MSSM partners (Lightest Supersymmetric Particle)

Monica D'Onoftio, IFAE CPPM, 3/23/2009 18



Symmetry breaking

No SUSY particles found yet:

SUSY must be broken L =Lg,q + Loy
More than 100 parameters even in minimal (MSSM) models

Breaking mechanism determines phenomenology and
search strategy at colliders:

o Direct searches or subtle deviations in precision measurements

MSUGRA,
choose a model > GMSB,
gravity

SUSY ] MSSM
breaking or (visible

(hidden sector)

sector) .

Gauge fields,

loop effects....

Constrained MSSM models used as benchmark

Monica D'Onofrio, IFAE CPPM, 3/23/2009
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M (GeV)

“in mSUGRA, new superfields in “hidden” sector

“ Interact gravitationally with MSSM
= 5 parameter at GUT scale

Sparticles mass and cross sections

1. Unified gaugino mass m, ,
2. Unified scalar mass m,

3. Ratio of H,, H, vevs tanf
4. Trilinear coupling A,

5. Higgs mass term sgn(u)

BOU__%ﬂO@Se\Am =30@eV e T. Plehn, PROSPINO
| A=800ans=64>0 — ] = .
ar. e A Tualpbl pp B2, 30 L1 A5 VY. K8 X1
- qn X o RS S =2 TeV
600 B T ! N
i - N - —— MNLO
HT ', 0 -1 ﬂ \ N L
B H.rq. II"'.. Xds XA = ﬂ'x“ TI.I-I
- —— N 2 1 ™, )
= ‘\ 3 £ i
400 A ~ \
- 1.\""' l“‘ J || -"\._ A " "-\.._' ‘
i N R
B -E:{.J:r ) l-" il =L -_..-'_.:- l\“\ ﬂ
de T == X2:X1 : ﬂ % 5 m [GeV)
200_ JJJJJJ - T 5 ﬂ'rq 3 MHL’L#. 4 5 5
L L T o 1500 2000 2500 300 350 00 450 500
L h T e 5O m (GeV)
i »  Squarks and gluinos are heavy
o J ' 0 e 'J' ' '{2' — »  Sizeable Chargino/neutralino cross sections
= == 1
M(x+) ~ M(x°%,) ~ 2M(x°,) In R parity conservation scenario,
M(Q) ~ 3M(x+) the LSP is the neutralino (x?, )
Monica D'Onofrio, IFAE CPPM, 3/23/2009 20



\ Squark/ gluino production

m  Strongly interacting particles =2 “large” production cross section

s For squark/gluino masses ~ 400 GeV
o Tevatron: ~ 50 events per fo-!
o LHC:~ 100K events per fb!

= Pair produced in R, conservation scenario

Missing
— UChiEEs '3, SUSY and Background Cross-Sections
Energy =",
,;{.__ﬂ:l
g T 1u13
- Jets B
(= I Bottom
10
- = - o 119 v
q q @ Missing 1o - |
=> Transverse i a
Energy 07 Iz : t ak
Signature: jets of hadrons and large hy Z// susy
unbalanced energy (X°) el 9 - scerks
v DiB
i : IBOSOoN
o(SM)/a(SUSY) ~ O(1019) 0l g . .
* Severe rejection of QCD multi-jets and 10 | |

top needed ‘ |
* /->vv+jets irreducible

Monica D'Onoftio, IFAE CPPM, 3/23/2009 21



Search strategy

Ao

=0, u<0 >mMSUGRA: Low tan 3 (=5 CDF, =3 D@ )

M, 00,500 GeV/c?] >Assume 5-flavors degenerate

m, , 0 [50,200 GeV/c?]

CDF Run Il Preliminary

>s[]Q

M

Mq~ g

,% N}E L Toh qg final state dominates
% - 300 solution .
T~ 2 > 3 jets expected

= q
VW o<
— e
gg final state ’??I\
dominates q

qu final state dominates

> 4 jets expected © @ = M, (GeVic) > 2 jets expected

500 600

3 different analyses carried out with different jet multiplicities
Final selectfion based on Missing E; , H; = X (Ejets) and E; jets

Monica D'Onoftio, IFAE CPPM, 3/23/2009 22



| Background rejection

10° CDF Run Il Preliminary L=1.4fb"’
8 E
= Clean-up cuts applied to reject L nole dataset

10° E
= after final cuts

cosmics and beam-related bkg

10°E

10°

= QCD muliijet rejection: due to Missing -
E; from mis-reconsfructed jets -

.. K 10;_| - ) | o
> Apply cuts on Ag (missingE-jefts) S s
. . X N, =>4 CDF Run Il Preliminary
=  Boson+tjets, DiBoson and top production ; 0CD enhanced sample
10° _.-L._ —e— Data(L=20f")

rejection: Genuine Missing E; in the event —— QD+ non QCD Bkg

non QCD Bkg.
- Suppressed vetoing events with: *l_‘_lTLma Syst. Uncertainty

= jet Electromagnetic fraction > 90% +

%%
T IIIIIII

-
II| LBLLL

= isolated fracks collinear to missing E;

events / 30 GeV
T

)
||I'I'I'| INLILLLL

QCD Control region]

3

50 900 180 200 280 300 580 400
missing-E;[GeV]
AQ(MET-jets) cutreversed for

at least one of the leading jets

Monica D'Onoftio, IFAE CPPM, 3/23/2009 23




DATA vs SM predictions

N]et 23 MET>120 HT>330 CDF Run Il Preliminary

CDF 10° 3 —e— Data (L=2.0f") E 10° 3 (b) . DDﬁa,tIa.=2.1 fo DQ
: - nQiDJCngPZCD o S ; % SM Background
> [ Lo - L Fitted QCD
10 Total Syst. Uncertainty ~ 10 ElT] 000 e

8 ’_._‘—'— Bkg .+S\i{g. M. = 249 GeVic® 2] F

S M, =270 GeV/? & T

2 B g’ 10 e

.E'l. 105 + + w -

c R L

g 1g

v 1 §_ E

i Y 10‘1 §J\.|||||.L.]|.11I| i I e e -.-I"x-;\.l—.\
L T TR R T 0 50 100 150 200 250 300 350 400 450 500
missing-E;[GeV] E; (GeV)
2 jets 3 jets 4 jets(gluino)

CDF H,>330, F;>180GeV/c? | H;>330, Bf>120GeV/c? H,>280, Bf>90GeV/c?
Data 18 38 45
Expected SM 16+5S 37+12 47+17
DO H;>330, Fp>225GeV/c? | H>375, Er>175GeV/c? | Hp>400,B,>100GeV/c?
Data 11 9 20
Expected SM 11.1+1.2 10.7+0.9 17.7+1.1

Good agreement between Observed and Expected events
Systematic uncertainties dominated by Jet Energy scale

Monica D'Onoftio, IFAE

CPPM, 3/23/2009
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\ Exclusion imits: M;-M; and M,-M,,, plane

Similar results for CDF and DY@
95% C.L. Exclusion limit q Results can be interpreted as a

L2 0 anf=S 1<) function of MSUGRA parameters
600— : = 0bserved limit 95% C.L.
- - meseexpected limit ] CDF Run Il Preliminary L=2.0 fb™
i B y - 1 T oemmed mlobi o]
5 00__ __ B in th ofthelimit ... aypected limit .
B ] 250_— -
SR B ] B A,=0, tanp=5, <0 i
2 400__ ] 200} {
: | 3 ~
B N > G .
O 00__ no mSUGRA RN & 150 — ]
— B . 5 =2 ]
- B solution ] = ]
E L = = ]
200F ) <
100§ J .

600

0 o (GeVic”

0 100 200 300 400 500 600 o e .
M, (GeV/c") LEP limit improved in the region

For Mg=Mg » M > 392 GeV/c? where 70<M0<300 GeV/c2 and

Mg > 280 GeV/c2in any case 130<M, ,<170 GeV/c?

Monica D'Onoftio, IFAE CPPM, 3/23/2009 25



Third squarks generation

800

600 &, — =

K)
1 )
Gl 00 o
et
[ |

i .
- n 4 k.
a | sesssnnsnnnnnnnnns K ".;'_
* "I‘
G 400 ™. e :
...... “'n.
--------------- !
— 1
b1
= :
b1
- L9

—
——
.
—
2[][] -
-
— .
. -
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g-mediated b production

Light sbottom in large mixing scenarios
Dedicated searches for B production

If m(b)<m(g) (assuming B.R. (o>b x0) = 100%) :
Search for b from gluino decays (0;'; ~10 0,,)

o Final state: ET/+ 4 b-jefts

o Use b-tagging algorithm fo identify b-jets and 2 Neural
Network to reject background (top and QCD-multijets)

CDF Run Il Preliminary ILdt=2.5fb'1

Two optimiza Ti(lﬂ Legio ns %_ C — 95% CL limit (for m[b]=250 GeV/c?)
depending on g-b mass = e Expected limit
L 4L = 95% CL limit (for m[]=300 GeV/c?)
"qé; E N\ e Expected limit
Large Am Small Am ¢ - 50 Bb (100% ER)
Exp. 15214 23208 @ ¢ B> b%" (100% BR)
ObS. 5 .‘2 6 10-1 —
Sig (mg = 335, m; =260) 149450
10? E —PROSPINO NLO (CTEQEM)
- He= = M(@)
5 M(&)=50|0 GeVic? M(i?=60 GeVic? |
250 300 350 400

M(G) [GeV/c?]

Monica D'Onoftio, IFAE CPPM, 3/23/2009

Sbottom Mass (GeV/c?)
[\ %]
<
o

CDF Run Il Preliminary ILdt=2.5fb"

= Observed 95% CL limit .
I Expected 95% CL limit g— bbo(‘IUU% BR)
[ M(7) = 60 GeVic® & % b b (100%BR)

- M@ = 500 Gevie? S

D@ Run Il 310 pb™!
Sbottom Pair Production
Excluded Limit

CDF Run | excluded

200 250 300 350 400
Gluino Mass (GeV/c?)
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Stop searches
t - blV

Signature: Missing E;, two
opposite-sign leptons (here
ee,el), 2 b-jets

Signal topology depends on

Am = M - My
‘-‘1#“—.................................
- _ A
é DO, L=11b
" Expected
@ 1201 &N
E = Observed
E *
2 100 w F :
& E \*
._f I' i
80 *
\:
601"  Leen |
excluded |
*
400 LEFI excludei:: |
60 80 100 120 140 160 180 200

Stop mass (GeV)

For large Am: m; < 175 GeV

Monica D'Onoftio, IFAE

i Lol gy ol e D el g g gt Sepeab
0 20 40 60 80 100120140160180200
H, (GeV)

%102 i (e) Inst. Bkg. > (e) — Inst. Bkg.
o107k R [ Diboson o _ 4 g1 2iDiboson
w [ DoL=1b Wz o oipr DO L=11b -gyﬁee
b ‘ = i Y =1t
2 = el @g : 2 ee NI
c : * Data @ * Data
@ 10, | —Signal A @ 105 — Signal A

By, Signal B o T e Signal B

= “_- g n s e ) 1
1E L m——
10155

iiiess HHHHGEE
100 150 200 250
H; (GeV)

50

H; = Z(p;jefts)

Main background processes:
WW, top production, Z2>ee/1t

a

a

Use Monte Carlo samples
Normalized to NLO cross section

Opftimization in Hy, Hi+leptonsP;

channel | Data

Exp. Bkg. | Sig. A Sig. B

ee 12 1224+04 0.6 4.6
€ 61 65 + 4 6.0 16.1
CPPM, 3/23/2009 28



' Search for chargino/neutralino

‘!i

MSUGRA 0, x*, pair production  “\ . @
Signature: three leptons and E; .:i
4 X

generated

Lepton &

=190, tan([;)=3, A =0, ;>0

= Small cross sections (~0.1-0.5 pb) |}

= Very low background: M,=60, M

iLH]

— Lepton 1
o Drell-Yan, Diboson (WW, WZ/y*, ZZ/y*, Wy) — Lepton 2
o Top pair production S Lepton 3
AN

o QCD-multijets, W+jets (misidentified leptons)

________ R

o] 5 EE
0 10 20 30 40 50 6 70 80 90 100
Generated Lepton E; (GeV)

= CDF(2fb"): m DO (1.0-2.3 fb1):
o 5 exclusive channels o 3 channels type
o combinations of “frigh’r” (t) and “loose” o 2identified leptons (e,u)+soTrk
B lefrien eelicgoiss 0 ptHsoTrk, ut+t (T hadronic decay)
(I

3-leptons (e.u,t, .
" Jlopions (ST, “low”-p; and “high”-p; search
= 2-leptons (€1, T gpt) +iso-track T (Tyqqy)
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on f.l Tesults DO EWZ Do, 231" i%‘?;té,y
S 0 eel selection [ Multijet _

P -t.t'1.r'*.r'+je.*t:"';r

Background reduction using several g 1 ww,zz_;
kinematic selections: = Ouz, .
- Invariant mass dilepton pairs, N 10" DSUSYZ—;
jets, Missing E;, Ap between leptons ... ]

102

50 100 150 200 250

me. (GeV)
DD (2.3 fb-1) CDF (2.0 fb™")

Channel SM expected Data | Channel SM expected Data

> F B
‘g 3 Search for 3;
lowp;, 5.4+0.6 9 | Trlepton 088+0.14 1 3 j‘ CDF ..
E} F T [ Dibosons
w L tt
Highp; 3.3t 0.4 4 Lepton+trk 55+1.1 6 ‘ I ot g
— Signal

10"

3 tight leptons
selection

Good agreement between data
and SM prediction - set limit 102

L I ] | | | Ll | | I
60 80 100 120 140 160 180 200
Missing E; (GeV)

0 20 40
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Excluded region in mSUGRA

excluded region in MSUGRA m,-m,, space for tan(B)=3, A,=0, u>0

Similar diagram

for chargino

CDF

Monica D'Onoftio, IFAE

; i 1 1 1 1 | I-1 1 1
> D@, 2.3 fb
G 300 mSUGRA
o tanf =3, A =
3 e
=3

%
~
N

S

=~4) B
1 200 LEP
| Slepton
- Limit

,L>0 mmm DD expected limit _

L L
Search for 5(’?5(‘2 b
Bl DO observed limit

— CDF observed n
limit (2.0 fb™)

]

Similar diagram

small am = m(x,2)-m(l), soft
leptons from X,° decay
- Loss in acceptance

F
% |

X5 a@ff

1‘. ~()
X

150_ LEP Chargino Limit for chargino
1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I IIIII
0 50 100 150 200 250
m, (GeV)
At m, =60 (100) GeV/c? DO In “3I”"-max scenario:
Exclude my*, <145 (127 ) GeV/c? Exclude my*, < 138 GeV/c?

CPPM, 3/23/2009
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Gauge Mediated Symmetry Breaking

= SUSY breaking af scale A (10-100 TeV). =

m [GeV]

Mediated by Gauge Fields (“messengers”) m»ot A =100 TeV A
= Gravitino very light (<< MeV) and LSP ol N =1 " =5"
= Neutralino or slepton can be NLSP wl M, =2A =
= |f NLSP is neutralino | tan =15 P
)?10 - Gy wl HZ 0
In R, conservation scenario: woo L Snowmass p8 spectra

- 2 NLSP - 2y + MET (+X) in final state
eeny’TCohdidQTe Event

CDF Run | w00] | %

H*

0 40
500 _H g

andidate
63 GeV 300 L

0]
o)
0O

200 L

.
ol [ L —

0

(taken from N. Ghodbane et al., hep-ph/0201233)
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wtMissing E;
X%, (NLSP) short-lived or long-lived
Very low SM background
0 Ly vy, Wyy-> lvyy

Understanding of instrumental
background challenging:

o Mis-measured E;: use multijet data sample

o e~ ymisidentification: use W(>ev)y data

CDF Run Il Preliminary, 7+X, 2 b’
|'1r|.'.-rr'||1|'.'"r- T I_":'I_.I

L ||I|r|-|||[|:
S fo' . Do a
= CRgtor,
§ 10 —— QCD (fake £.) =
i x ==nee EWK (real i) =
10" - u o= Mon=callision
Fake &, only
107
'Fﬂg__.-._H
b
E
10
e e e e Ty TR T R T e T T

Er-significanca

Selection in Missing E; significance
No excess observed

flo_>}’G
’/
£ - . ¢
X1 w =
>_E’;__
/0 Z:O
g --=- X
q D
\f“-'CI —
n —>ra

= Limits on neutralino mass VS
lifetime

CDF Run Il Preliminary, 2 fb™

?25 III|III':I|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III_I_
£ Expected exclusion region with yy+§_analysis with 2 fb! n
g Observed exclusion region with TY"‘R., analysis with 2 fb™ i
= Observed exclusion region with }r+ET+Jet analysis with 570 pb™ _|
£ 20 ALEPH exclusion limit -
g;.- Cosmology favored region with 1.0 < G mass < 1.5 keV/c?

15

Mass(x°%,)>138 GeV/c?
ift=0ns

10

| | 1111 | 111 i | 1111 | 1111 | 1111 | 111 1111 | 1111 | 1111
90 80 90 100 110 120 130 140 150 160 170
1, mass (GeV/c?)
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Search for high mass resonances

Di-lepton resonances have a strong track record for discovery

—)J/LIJ'Y,Z

o Enlarge the possible final states looking also in dijet, ditop or dibosons!

Construct the pair invariant mass and look for any excesses in
the high mass spectrum

Example of di-lepton events

Transverse plane

‘_—'—"—-—\_
o
.-.-.-"'

Advantage

Sensitive to many BSM scenarios:
*Extra-Dimensions

sExtended SUSY-GUT groups
(SO(10),E6,E8...leading to additional gauge
bosons, ' and W')

*R-parity violating SUSY
and more...

Monica D'Onoftio, IFAE

CPPM, 3/23/2009
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Extra-Dimensions

‘Solves’ the hierarchy problem by
postulating that we live in more than 4~ Compact -

Dimension

dimensions.

o Large Extra Dimensions: Arkani-Homed,
Dimopoulos, Dvali (ADD)

k=10 1.2 ..

Gravity propagate in na additional spatial —

dimensions compactified at radius R Q.
Effective Planck scale: "’Eqke:"or@
MzPlonck ~ RH(MD)H+2 ¢ MD ~1TeV ._.-I-WE
G
o Randall-Sundrum model: Only one extra 'q"'hra;- b &%
dimensions (wraped) limited by two 4- e @
dimensional brains. i
SM particles live in one of the brains. "
Graviton can fravel in all 5 dimensions, « k_/:f' \,«
appears as Kaluza-Klein towers E>VW/\1 Y el \;_\?16;\5\&“&
dimensionless coupling (k/Mg) free ’ cs|

parameter
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Search for High Mass
e*e /yw Resonance

q ¥, v

q. L,y

= Central-Cenftral (|n; 5| <1) or Central-
Forward (| n | <2) e*e- pair with E;>25 GeV

Major Backgrounds:
o DrellYan
o QCD (including W+jets)

= CDF/DO0: Resonance search performed in
masss range 150-1000 GeV/c?2

= No evidence for narrow resonances

- sef limits

o0t

(]
a1’
a

L

L=25f
—=—data

Evertsf10 GeWig'}

4 KB L & m

maco

* 10 20 3 40 500 &N JN 600 9M 1000
Mee) (GeVic)

[ |Drell-¥an

10?

Number of events/10
- o

—
e e
ra LT}

Data
[ Misidentified Events
Total Background

Total Background + Signal

DG 1 b

100 200 300 400 500 600 700 800 900 1000

PRL 100, 091802 (2008) Vi (G&V)

Monica D'Onofrio, IFAE

CPPM, 3/23/2009
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\ Exclusion limits

. 1.F-‘RL 100, 091802 (2008)

[ enciuded at it &0
PrTT q;pndgd amat

DO PRAL 25, G181 (2005)
— = apchided by precision ek

WM, vs. RS gravilion mass

En_m L=251p"

= CDF (DQ) exclude RS graviton
with mass below 850 (900)
GeV/c?for k/MPI=0.1

- Exduded regon al 358 C L.

e e e L e e

W e
600 700

M 90 0.01 e
M, (GeVic)) 200 300 400 500 600 700 800 900
Graviton mass M, (GeV) T Cross Section Upper Limts 957 G spinr1) 250 —
. . . . o —-- aion
= Limits on effective Planck scale in £ sz
ADD: 1.29-2.09 TeV depending on number of ED o
1
- 3 -
3 | DO,1.05 b, Preliminary R
= - A,
s L6l | DO PRL 86, 1156 (2001) N
r «D0 PRL 95, 161602 (2005) lL 3
Caseies s --expected limit % \
zf—}— —observed limit ’,'
15 - % ='én'xi":'n'ui"ah"s&d"eﬁ"ﬁa"ﬁé_{g‘w}%.m
1%y R = Limifs on several extended gauge

groups theories: SM-like Z': 966 GeV/c?

g 5_ 6 7
Number of Extra Dimensions (n )
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\ Di-muon resonances

CDF Il preliminary J' Ldt=231b"
= Resonance decaying to dimuon % i~ Famemene
. L] — Dell-Yan
have spin 0, 1 and 2 R S
. : . N
= Searchin 1/mw INn which detector ; 1070
resolution is ~const: o
> 17% inverse mass resolution at 1 TeV b
Spin 1 Z'-like limits o
a5 : ; ; -
E 15:::::::5 R, 1u~uu - 5' 1IEI
|§: .................... m;, (c*TeV)
Ej_l: [ 7 7
> A modeljmaes it
b ... -<6- SE Median Zi 789
E : _ : i 658 of SE
:. : .................... - 95% ﬂf SE Z;EC 821
_-E o i —-—gata
= L Zh A6l . .
= . B ; . For the first time
- 4 . 7 . i
' ) L7 : bevond one TeV
; e Lo | 892 forélv\ L'
k! : : ; —— 7' -/
1] e ;I ...... I ............. - 4II ...... A I ....... gt I...1I| Z_:? 082
0 2 6 8 0
M (TeV') Zgpy | 1030

Monica D'Onofrio, IFAE

CPPM, 3/23/2009
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CDF

Investigate same models as
before (Eé, RS..) and more
exotics ones

DiBosons = clean final states

+ mass constraints =2 small
backgrounds

Here shown Zy, WW, WZ, 71

Events / GeV/c?

&
X0 ™ CDF run Il Preliminary 2.9fb"
e F .
& \ *
LA C"> WW ey
[ \\
$ ' \ 607 GeV
&
107
= Ty, KPR W0, 20 1.5 W Teaclin .
T _.._ i, L8R LIl ;
v, Exepoted Limil |
E Aed Lirmil 247
10° | WEE: o Liv 12
e moe 400 soo 806 700
G* mass {GeV)

(]

]

Also: limits on Z' and W' (in WZ final states)

DiBoson resonances

X2 Iy > ee/uuy

DO

DO, 1fb’ . g
No significant
4l . excess
i I =T an-i.;lbackgraund
| ==== 5M Zy background
|. . | S Bum ol backgrounds
M . ot BR(X>Zy) < 0.2 pb
LY (M, = 600 GeV)
.
e <2.5pb
T e~ 2 SR (M, = 140 GeV)
100 200 300 400
M, [GeV/c?]
[ RS GRAVITON LIMITS
1000~ {491 GoV CDF RUN Il PRELIMINARY
a F £=25-29FB
% I 3 ORSERVED LIMIT
E 100?5_- T ‘-\‘ XPECTED LIM(T
: 491 GeV-.
o
E ]DL %@; AU
7
: G*e I > UL/ "o
400 500 EDD ?DD 800 900 1000

GRAVITOMN MASS (GeV)

Monica D'Onoftio, IFAE

CPPM, 3/23/2009
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Final remarks

CDF and DO have a wide and rich program of
searches. No evidence of nhew physics yeft,
but.. expect to collect and analyze up to 8

fo-! of data in the next years.

Projection curves

FY10 start / -
T~

- odevl, 1~ In case we don't
; | ~ 1.8 fb-1 delivered inFYOBI /-/ m wahji:gltsg flnd new pOFTIC|€S
C L7 : @ Tevatron....

27£/ T |

N FYO8 start I

@Q@; &q}@@ o \%\@Q@ »\“\”9& @@é @@‘ Q@«‘ & q\&@% ny\@@ Q\@@ P

time since FY04
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\ The Future .... now almost present

ATLAS 2008-09-10 10:33:52 CEST event:JiveXML_§87764_49891 run:87764 :\"QSSQI q:um:try <default> Atlantis

First Event (9/10/2008)!
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' Roadmap to discovery

Higgs discovery sensitivity (M;=130~500 GeV)

1b-1 Explore SUSYtom ~TevV ..
Precision SM measuremep%s

*

-t
a

Sensitivity to 1-1.5 TeV resonances -5 lepton pairs g e &
=1. — 7
| 4 - P P %000 2
100 pb-1 Understand SM background forSUSY and Higgs 2 o L -
. e B I Signal 3
Jet energy scale calibration 2000E I CCD MG stat (<50)
- / 1500§ —
i ion”’ 1000F =
10 pb-1 — Detector callb’r‘c‘t-’rlgn / : §
Use SM processes as “standard candles” 0 E
------ > 0[; 20 40 60 80 100 120 1dItO 1EISG 1!J30 21]0
o Invariant Mass Mee (GeV)

= High-p; lepfton resonances may

provide the first signal of New -

Physics: 2,

o Less sensitive to calorimeter E e e

performance E
. . . e { 100 pb!

= //y+jets can be used for calibration

of jet energy scale R4 D D

10 1000 1500 2000 2500 3000
Mass [GeV]
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‘ S U Sy @LH C o AT
B TS
The LHC is built to discover SUSY e | Exel X A
If there, we will find it relatively soon o T St ~ one year
CDF Run Il Preliminal L=2.0 fb™ 1000 1 B @1034
B e A LS LI s o o e _
o ;\ —_ \"T‘f "\"i =:'=-m-°n oftnelmit ..., gxpected limit j % ______________________________________________________
. Dy TN T e Seo] [ | T—n E™oomy -
An example: R E E ~ one year
. S el T~ | @10
squark-gluino Swr N | o0 B g W
. = 100 - e e ‘ \ & ‘ ~ one month
production B\ W @1033
50 400 - sl = o -\‘n-‘ _____________
o b e M, (é‘:wa) b m\ % : |
RP-conserving mSUGRA 200 T ' cosmologically plausible region
:9104E—HII“l"I_+_EI|HH|IIH'HH'HH'HHHH—E < - §
= E — E_‘_ : 28; 3 0 500 1000 1500 2000
% i 2 8suU3 7] m, (GeV)
Q 10°F ' ¥ su4 E
g - ® SUs -
o - M SUs.1 _
2 q02E == SMEE . But it will take a bit of time:
£l = ATLAS preliminary| 7 o e .
s [ e : e commissioning phase to
Ny e _*_T% E understand detector performance
1L _.;:;;|::,:.,;E,E;'.,:;|;'1.';:;:,:[:,':,::,,.,T . ,_ . _Eg'*-. p s ._ qnd “re'discover" the SM
0 500 1000 1500 2000 2500 3000 3500 4000

2p,jets+Emiss(GeV)
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Luminoesity [fb™']

SM Higgs: a challenge!

Required luminosity for 95% C.L. exclusion

For low mass of ~120 GeV need 1o

10III”'III|'IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII . .
T ATLAS - combine many channels with small
9:- 1 : preliminary ] S/B or low statistics (H - yy, HoTrT,
i _ H- 77* - 4], H-> WW*—|ulv )
I === = H4| i
o __ S T
SEEET -4 & 355 [ S ATLAS preliminary .
e WW 2] 1 % F M Zbb 30 fb-! ]
combined — § 255_ t E
] . 201 The “golden” channel 1
T = s
Ty 2 =
: 5 =
III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII : . :
120 14‘:' 1EG 180 200 220 240 260 28‘:' SDU [l I v L by s by s by v b by by gy 17l
m, [GeV] f20 130 140 150 160 170 180 190 200 210 220
H

l

M, [GeV]

most promising in the range 150-180 GeV, again with H - WW* —|ulu

Monica D'Onoftio, IFAE

- almost excluded at the Tevatron!
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Conclusions

"Whatever' is beyond the Standard Model, these
are exciting times for high energy physics!

If i 's wohat I thind ir iz, we "ve gol some work ahead of us.’
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Huggs reach (@ Tevatron

With 7 fb!
e exclude all masses !l
[except real mass]
e 3-sigma sensitivity 150:170
LHC's sweet spot

This is very compelling

7.0

Luminosity/Experiment (fb_])

[10 120 130 140 150 160 170 180 190 200
my, (GeV)
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MCEM: NLO, no showering + CTEQ6.1M, hadron-to-parton

BOS On + jet S corrections from PYTHIA TUNE A

3.105§ o —e— CDFData L=1.7fb"
= — a Systematic uncertainties
Dedicated measurements performed for 2 ot " Cormecten 1 hadron evel
: . L F . NG e Do
boson+jets cross sections S NLO PDF uncertainties
o 103 = 7 —a— LO MCFM hadron level
I(>e'e)tjets: 2 F :
N
o clean signature, low background e —
o Does not constitute background for o 1sF |
BSM physics involving Missing E; s el
L 1.4
10 & 1i§
g E *** - 1 2 3 >N
3 1025— *-Q— Z{—ee) + =1 jet inclusive = jets
= g - q . T
£ F R Data in good agreement with MCFM NLO predictions
2 10; . Q . o« e
S E o corpmiore Can define a common scale factor for all jet mulfiplicity
Tl Diouicmeem  —— .
B fgofi%ef ;2&?"&";'51“3' W+jets 3 C e CDFII/MLM %~ MLM uncertainty -
4 BT TR 2 - = CDFIl/SMPR SMPR uncertainty .
107 - POF uncerainties — ¢~ 2F A CDFIl/MCFM 3
sat N L Statistics for high B OF ees ¥y =
= . . o e 1Attt s --—
g 185 jet multiplicity © E T CRM PO uncertainty E
g 1.4 . _ C . MCFM Scale uncertainty, ]
= 120 Real MET, signature = E 4 corn E
2 1k . 4 L 015 | merm n*{.; - } =
S 08F similar BSM signalls & gqb e MM . I
065 " TE W SMPR suga ® ]
. 155 | & 005F =
o§ 1.4;— — Parton-to-hadron level corrections E 5 : 5 3 1 =
13 ) Systematuncertaintes Inclusive Jet Multiplicity (n)
11 k MLM : ALPGEN v2.12 (LO) + Herwig v6.5 + MLM + CTEQ5L
T — SMPR: MadGraph v4 (LO) + Pythia v6.3 + CKKW + CTEQS6L1
09735 100 200 e [Gevic] MCFM: NLO, no showering + CTEQ6.1M
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| Knowledge of SM: B-physics

One of the flagship measurements of Run |l

- Observation of B, - B, Oscillations
Am = 17.77 £ 0.10 (stat) + 0.07(sys)

Amplitude

5 CDF Run Il Preliminary L=1.0fb"
-+ datat1c 4 95%CLlimit  17.2ps’
1.5 - 16450 O sensitivity 1.3 ps”’
1 - I data+ 1.645c lﬂll /\ AM A
= data + 1.645 o (stat. only) | * f
o5~ *
-0.51
10
1.5F
ol | | | Ll | | .
0 5 10 15 20 25 30 35
Am, [ps’]

b W~ S
B u,c,t u,c,t
s wt b

CDF Run Il Preliminary L=1.0fb"'
2L

1>K_F F
0: I

-1E \Q.’L—?%

| —e— data

oL — cosine with A=1.28

Fitted Amplitude

1 III|IIII|IIII|IIII|IIII|IIII|IIII|II
0 005 0.1 0.15 0.2 025 0.3 0.35
Decay Time Modulo 2rn/Am, [ps]

and extract the ratio |Viy|/|Vis| = 0.2060 + 0.0007 (stat+sys)

[+0.0081-0.0060] (theo)

BO

Monica D'Onoftio, IFAE

CPPM, 3/23/2009
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=5 =, Dlrect Observation

Many new baryon discoveries this past year
=, (dsb) one quark from each generation

Fully reconstruct exclusive decay
Sign of charge of tracks
Reconstructed displaced vertices

Masses and impact parameter resolution of reconstructed
vertices

Angular separation between tracks
Minimum p; requirements

Events/(0.002 GeV)

' DO, 1.3 fb" (a)
4000 | right-sign

- —— wrong-sign
300" I,
200 ‘

128 1.3 1.32 134
M(AT) [GeV]

1.36

a

Q

Q

O

Use Att for background studies
Wrong-sign
Interpretation of peak as =,
using unbinned likelihood

Peak: 5.50 significance

M(=,) =5.774 £ 0.011 (statf) + 0.015(syst)

Monica D'Onoftio, IFAE

CPPM, 3/23/2009

Events/(0.05 GeV)

T h T T

T m T

T m T T

(@)

DG, 1.3 fb™

I

6 65 7
M=) [GeV]
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B Baryon Discoveries

2

CDF 1l Preliminary, L =1

|.11ti1 Fit Prob. = 76%

1]
0
>
O
=
w
-
(7]
<3
4]
1]
a2
[T}
=
b
c
[v]
Q

— Total Fit J
— Backgroun
— 5 oAl
— 3 = Alr

Total Fit

Backgroun
I — AP

oAb

1y

8 0 0.05

0.10

|
Q.15 020

Q= m{A%m) - m(A) - m, (GeVic)

Monica D'Onoftio, IFAE

CPPM, 3/23/2009

Candidates / ( 15 MeV/c?)

Events/(0.05 GeV/c?)

-—t h
o

N

| CDF Run Il Preliminary |

Fyield=17.4+4.2'
[M=(5,791.843.7)MeV/c
[6,=(14.7+2.6)MeV/c®

L.
-

—

ML

o N A OO
!

55 60 62
M(J/W = [GeV/c?]
D5 po, 13
2 « Data__
54 0 58 62 66 70

M(Z;) (GeV/c?)
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' The Hierarchy problem

The SM requires a non-vanishing VEV for the
Higgs at the minimum of the potential V

if m?, <0, VEV results in: (H) = \/—m3, /2

Experimentally, <H> =174 GeV and m?,~ —(100 GeV)?
+ quantum corrections from virtual effects of particles coupling to Higgs field

V =m¥%|H[*+ \NH|!

e N\ . A ..
Am3; = ‘1(;;‘2 {—21\%\@?71‘; In(Auy /myg) + .. } Am¥ = ﬁ [Afm@m% In(Auy/mg) + .. }
f S
Fermion loop r7 4
> H__ o { 1 loop of scalar
d articles
N :
N\yy 2 Ultfraviolet cutoff
| Mass of Higgs scalar with quantum corrections

is kept small only with fine tuning of the parameters!

Possible solution: infroduce a symmeiry to cancel all dangerous contributions

Monica D'Onofrio, IFAE CPPM, 3/23/2009 54



mSUGRA

New superfields in “hidden” sector
Interact gravitationally with MSSM
Soft SUSY breaking 500

B
o
o

5 parameters at GUT scale

1. Unified gaugino mass m;
2. Unified scalar mass mg
3. Ratio of H;, H, vevs tanf

Running Mass (GeV)
N
o
o

4. Trilinear coupling A, ’
5. Higgs mass ferm sgn(p) 00|/ Evolved back using RGE |
2 4 5 8 10 1z 14 16
In R parity conservation scenario, I -09:02 (Cev) —
the LSP is the neutralino (x% ) EWK GUT
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| QCD multijet rejection 3

Missing E; from mis-reconstructed jets
- Collinear with one of the leading jets "’

- Apply cuts on A@ (missingE-jets)

—s— Diata {Lurn=1_108 &)
-—=-- QG0 + mon QCD Bly

Ll —— mar TG0 Big

T

IIIII|T| IIIIII"'IHIII

"’E Ap(met-jet?)

» CDF: remaining QCD-bkg estimatated

from Monte Carlo.

» Control checks in enhanced QCD-sample

»D@ : QCD-bkg extrapolated in data
by exponential fit function

N 24 CDF Run Il Preliminary - D@ Preliminary
= 3 -
n QCD enhanced sample E EX T s
10 —e— Data(L=2.0f") = 7 o ot
E —— QCD + non QCD Bkg. E 10k o 'ii-w,wzzz
> rL —— non QCD Bkg @ i . =§;;JJ- jais
AQMET-jets) é’ Total Syst. Uncertainty ﬁ - . Pt Giona)
o I =
cut reversed for @ ol W ]
atleastone of # | * [ #
ingiefs 8 'F 10
the leading jets @ ' g
) - L
107
: T ‘3
1U2:—....| v v b v b by by b by g [ aalE T+ 4
D 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400 450 500
missing-E;[GeV] E, (GeV)
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Top and Boson+jets rejection

v
v q - é :I
b Y, b q
g - q
g q q

Genvuine Missing E; in the event

Suppressed vetoing events with:

o jet Electromagnetic fraction > 90%,
to reject electrons mis-identified as jets

o isolated fracks collinear to missing E;

to reject undetected electrons/muons

Modeled using Monte Carlo
Normalized to NLO cross section

Define control regions reversing
lepton vetoes - checks of
background estimations

o Understanding these processes is
fundamental

N]ei >3 CDF Run Il Preliminary
i *erllmncedsample
Control region—— paaw-20%"
10° | —— QCD + non QCD Bkg.
% - . non QCD Bkg.
B Total Syst. Uncertainty
0 I |
o i  ——
2 i *
0] -
= -
- »
2
Q
3
|||I|I|||||II|I||IIIIIIII|ll
D 50 10D 150 200 250 300
missing-E;[GeV]
N]et >3 CDF Run Il Preliminary
etp® enhanoedsample
- Control region—s— Daa(L-20f")
102 —— QCD + non QCD Bkg.
= - non QCD Bkg.
3 Total Syst. Uncertainty
put R
™M 10 + —
— - T =
;) = [
=]
2 FI_H_L
5 1
10'1lll-|||||||||||||||||||||||||||-I
D 50 100 150 200 250 300 350

missing-E;[GeV]
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MET (GeV)

10 15

' Control regions (CDF)

Dilepton and trilepton
control regions defined
to test SM predictions:

- function of g and the
invariant mass of the 2
leading leptons

- 47 in totall

NEvents / 2 GeV/c?
= 2 = 3
=} o w .

-

=
Q
£

2

NEvents / 16 GeV/c?

-
s

2-leptons control region

R - a e » |~~~
COF Run Il Freiiminary.j.Ldt =20f" Setil’(‘h f()l' \ = \ |)J CDF Run I Prsllmlnary,ILdt= 20fb .(D(i"(i-l L'h h)l \ | X 2
- | A2 > '
2— -'.Q —— Data g —— Data
F i =
r r L Drell-Yan E Drell-Yan
E bae . L >
= i T L .Dibosons a .Dmcsons
g_ ,"ﬁ,, : t it
= 4 e
E ; oA e e o e
100 120 140 160 180 200
0 20 40 60 80 100 120 140 160 180 200
Invariant Mass (GeV/c") Missing E, (GeV)
2-leptons+T, 3-leptons
CDF Run I Preliminary,J.Ldt=2.l)fh" MET < 10 GeV CDF Run |l Preliminary,J.Ldt=2.0 w] MET <10 GeV
= "“9- L
Search for x“;;; E’ 5— [ Drell-Yan
? —+— Data o [
E - L Dibosons
E Drell-Yan ,E aC .
: _+_ . Dibosons ‘,’ L it
Bl & g L
= _Jf_ " = . Fake lepton
: : . Fake lepton 3—
L oS
C 1 +
EL A T 0: . e
0 60 8 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180 200

Highest Invariant Mass{GeV/c’)

Highest Invariant Mass (Gevlcz)
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| Chargino mass limits in mSUGRA

Theory o(7si1) » BR(3 leptons) (pb)
o 240 — w08
o CDF Run Il Preli Oeeuseassnc. L _ 2
= 2 E mSUGRA tan(f)= [ e arectimi E 0.7 m - ] OO Ge\//c
my = 60 GeV/c g s oo 0
o (a0, (i) > i) = : .
- Exclude chargino - Exclude chargino
2 4
masses < 145 GeV/c _ masses < 127 GeV/c?2
. J' 1 _+_0 0.2
CDF Run Il Preliminary | Ldt=2.0 fb Search for XX,
=16 = 0.1
2 °F  |LEPdirect
T4 [fimit Theory S8R CDF Run II Preliminaryj Ldt=2.0 fb” Search for .-
S o e 95% CL Upper Limit: expected —_ 1 1772
« .t - = E |LEPdirect Theory o oxBR
@ 1.2F Expected Limit+ 1 = £ [ limit NLO
- Lo Expected Limit 2 =909 | 95% CL Upper Limit: expected
E Coam pecte imit+ <o E E_ - Expected Limit+ 1o
2 1: \ 95% CL Upper Limit: observed %0'85 Expected Limit + 2 ¢
:E‘:‘-‘T)G; . mMSUGRA m,=60, tan(B)=3, Ao=0’ (n)>0 I 20.7% 95% CL Upper Limit: observed
T L 1 o6 mMSUGRA m=100, tan(B)=3, A _=0, (1)>0
— 1 i 1 ¥
. : In the dlrechonc,;‘\o_s% =
L jofaD@scan ¥ = E
,,,,,,, 1 04 Iy
............ = L
----- | 0.3 E
1 E
e R I R B I 02 A A
100 = 03pm e odh —— T e
& i D@, 2.3 fb’ ] ot b B
= [ NV 0, . e ~0 100 120 130 140 150 160
0 o M(i )~M(Xz)~2Mﬁ1)a M(I):’M(XQ) - Chargino Mass (GeV/c?)
% - tan6=3, u>0, no slepton mixing -
x 02 — Observed Limit
S | F P Expected Limit
W
Ka]
©

e
-

.....

730740 150 1
Chargino Mass (GeV)

assume no slepton mixing:
excluded chargino mass <138 GeV

0
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Chargino limits Vs tanf

tanB=9.6

Monica D'Onoftio, IFAE

0.2

%,) x BR(3I) (pb)

o x’f
_o
—

Dependence with other parameters: eg tanf
D Exclude chargino of 130 GeV up to

0.3

][IIIIE

Dﬂ 23fb1 :
M(x) 130 GeV; M(%,) - M(x)_1GeV '

— Observed Limit
-~ Expected Limit

MSUGRA

ksssenmansans

an?®
pan®®
e
-®

85 0o o lag 00800 0T prmeil g gl oo ol il At
3 4 5 6 7 8 9 10 1112131415

tan3
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\ GMSB CDF-DO combination

E o D&11fb! — NLO cross-section
b | = observed limit
i weesn @xpected limit
102 D@ 260 pb I expected limit+ 1a
- = : expected limit+ 2 o
10 0 [ 20 140
- m,; [GeV]
. 980 200 § 220 240 260
- : m,. [GeV]
T B e R, ST Iy, ERe YRy ATy
70 75 8 5 90 95 100 105 110
A (TeV)

CDF and D@ combo, 2005

3 events (SM: 1.610.4)
N>91.5TeV@95%CL

M(x.)>125GeV,.M(x;)>229 GeV
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Delayed Photons t=t =t =

(Z:tf) / CDF Calorimeter

= XY, life-time undetermined in GMSB — Y
- long-lifetime can be in ~ns range 2
g ° oy =5 G
= Final state: Delayed photon+§; +jets Pt P
> E> 40 GeV, p,>25 GeV, EJet > 35 GeV -
> InWI<t.1 Inget) <2 Tttt

30

Observed exclusion region

[\¥]
01||

= T I =« & [ T + & J # --- ALEPH exclusion upper limit ]
i —~— v + E_+ Jet data (570 pb™) E
10%F —an T © O &
= = F ; GMSB % —vG
- Standard Model o 20 Y M, _..=2A, tan(B)=15 1
B § Beam Halo E E B N ]
0 1oL B Cosmics ° E
£ 3 ---- GMSB Signal MC = 158 -
2] i =< [
= - I
2 B 10 ]
L = I
- Bl o o o = = — - - i
:III|IIIIII\IIIIIIIIIIIIIIIII|II‘E\IIIIIIIIIII_
nES i %5 70 75 80 85 90 95 100 105 110
~0 o
-20 0] 20 40 60 80 x, mass (GeV/c)
Photon Corrected Time of Arrival (ns)
p— Observed 2 events

2,)>
t-(y) in [2-10] ns range SM Expect.: 1.3£0.7 Gl B PLOL CE @S I
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Indirect searches: B, - Ui

ope . 5 : — " _ 6
Sensitive to new physics: SUSY particles show ~ SM: BR=3.42x107  SUSY enhance ~(fanp)
) ) , , , s SM v MSSM -
up in loops (or direct decays if R, violation) _ - ° 2
+ Data sample dominated by random " .2 2~
combinatorial background %t \
. . D Fa
« Extract signal with Neural Net based discriminant | v N s - tan® N
Bs—pp 3 observed events (3.6+/-0.3 exp.bkg.) mSUGRA at tang = 50
Arnowitt, Dutta, et al.,, PLB 538 (2002) 121
B,~HL 6 observed events (4.3+/-0.3 exp.bkg.) 1000 N _ e ‘ @ i
Br(B.—~pu)<5.8x10¢ @ 95% CL "e.: e o
Br(By—up)<1.8x108 @ 95%CL . . .
95% CL Limits on B(B . —> ) E%:‘;{ }l_“n{"xm_ :
100 - it i e ' 3
— ‘H . | ocDF aDo RS E i .
| [ opess | |1 [ oy = P |
= Ao 00 1 ool S :
= rejzo04 = S N 5 ;
s A 2005 | i} =
= 2005 ‘ { ; ; =
= e = S 490 ’. E
o inededyeis) :
o —— 1 e 3 i 1 < A i o H : :
%J 200 : 8 4
- Stancard Modet Expectation | 400 600 800 1000
oo 1 10 | 100 ‘ 1000 m]_,’z[Gev]

x10"'2 pp Collisions
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R-parity violating sneutrino Production

To solve hierarchy problem, sparticles should have
electroweak-scale masses

Resonant sparticle production requires 'R-parity’ violation
o0 SM particles: R = 1; sparticles: R = -1

o Implication: lightest sparticle decays

Can still be dark matter candidate if coupling is weak

Two terms in Lagrangian relevant for production and decay

" T

Decay , Production
L, Q;: SU(2) doublet superfields

|7i — ,u,u(Aizz) ec,, dc.: SU(2) ~ singlet superfields dd® - Vi (A1)
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Z’ production (1)

/' observable if new gauge symmetry broken ~ TeV
o Many models predict electroweak-scale U(1) symmetry
o Useful test model: Superstring-inspired grand unified theory (E8 x E8')

Compactification of extra dimensions breaks E8 to E6 x SU(3)
E;'is a hidden sector that breaks supersymmetry

An example of breaking E, to the Standard Model:
E. - SO@0)xU (1)
- (@A) xU(2) x (2 xU @),
- SU@B)cxSU(2), xU @),

All matter particles in fundamental 27 representation of E,
Contains 16 (SM fermions), 10 (Higgs doublets) and 1 of SO(10)

L Restores parity conservation, allows for
(16), — |" H-ou v uo#or “] seesaw mechanism for small neutrino
- T I f r o o
Vol d d e 1 d dd el masses, and requires quantized EM charge
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Z’ production (2)
= Eé6 breaking can result in multiple U(1) symmetries
E. » SOO0)xU (1),
S UEXUW,xUQ),
- UE)xU (), xU @), xU @), xU @),
~ UE) xSV, XU D, xU Q)
-~ U @) xSU (), xU (1),
Assume electroweak-scale U(1)" is a linear combination of U(1)x x U(1)y

* Mass eigenstate: .
['(8)=1'ycosO+ 7' sinB _E_{S.‘M]
e 6: Mixing angle, determines E_{lﬁ-
the coupling L

Z(y)
Couplings of Zy', Zx' In', ZI', ZN', Zsec' Z'{H}
determined by group theory and weak gﬂq}

charge
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\ Di-muon results

= Spin O: Limits on cross
section and sneutrino
mass:

Choose a variety of A2x BR
values (A: ddv coupling ~ at
production)

Iy r
A2. BR|mass limit
0.0001 278
0.0002 397
0.0005 457
0.001 541
0.002 662
0.005 751
0.01 810

95% C.L. Limits on ¢ x BR(Vspr ) (pb)

--%- SE Median
68% of SE
N 955 of SE
*— Data
—* 3.2BR = 0.0001
- 5 A%BR = 0.0002
%%BR = 0.0005
#*BR = 0.001
" A’BR = 0.002
3*BR = 0.005
—— A*BR =0.01
I |

I“2lll4|II5IIB

)
L . .
r 0 10 1
% T S m‘l (Tev' )
:(310_1 ____________ RS graviton| graviton
% ..... : ;rl,f"ﬂfphnck mass limit S . 2 . . .
E i gsgfmid;n: 0.01 293 pl n . Limits on cross section
S S = 05% of SE oas | w0 | and mass of first excited R-$S
- ata .
E O S S - :m: - 32315 0.025 103 grqvﬂ-on. '
g s ooz voss | @1 | — Choose several couplings
\ —_—— k.'rM = o
3 k.lrl'\u"l::g,gg 0.05 T4R (k/MPlGan)
& —— kM, =01
o P T R R R 0.07 524
6 8 10
M. (TeV'1) 0.1 921
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Search for High Mass Di-jet Resonances

CDF Run II Preliminary, 1. 13 fb!

Many Models with new particles 3 1; I
. o .« . 1 ! 1 j
decaying into di-jets g
o  Axigluons, excited quarks, Wand 7', 3
di-quarks in E,, RS gravitons, etc. i
SM couplings for W'/Z’ 10°
k/Mpl=0.1 for R-S graviton ‘:_:
e S R S M
Events with N..>2, |y |<1.0, M:>180 1% Bty
e ) 200 200 600 800 1000 1200 1400
C;e\//(:2 M, [GeVic’]
3103 _ . CDFRun 11 Prelm‘unarv,ll.'}fb ;
Observed mass exclusion | Model 2 . —=— 95%CLimis (for RS G Techniho)
v , "u,' ——e— 95% CL limits (far the others) '
260-870 GeV/c2 Excited quark % 107 P Kt s R
260-1110 GeV/c? Color-octet technirho g i — RS G (W,=0)
c = — Excited quark |
260-1250 GeV/c? Axigluon & coloron % : Axigluo:’CoIoror}l
260-630 GeV/c? E6 diquark R TRt
m
260-840 GeV/c? W’ (SM couplings) 0.0
260-740 GeV/c? I’ (SM couplings)
10° 4{'!] I Iﬂllﬂl I 'aoo' I‘.1(IDI . I12I(IJ\ '..'1400
Mass [GeV/c’]
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Top pair Resonances

2 0.18 _ =
P
Resonances of top quarks 8 b o Ms0gey
o R-S gravitons couple strongly with quarks Z 0.12F t 4— X—>ﬁM:;1000GeV
Not narrow resonance (Width ~ 0.17M) :tu 0.1 t o D@ Preliminary
2 Leptophobic 7’ 0.08;

. : 0.06) '
lepton+jets channel using a neural 0.04)- A +++++
network tagger to identify b-jets and the °-°§0;‘, et e
tt invariant mass distribution. B i S
No evidence of resonant production. 5o

ﬂl. 45§_ — Expected limit 95% CL _§
) F p = ) 45_ with uncertainty band 3
5100:_ (a) DY, L=2.1fb" = Data ‘i’ st ~-Observed limit 95% CL 1
& U ]L Preliminary [ _]2(650 GeV) > -3§_ — Topcolor Z (CTEQ6L1)_§
© L T > E =
S 80/ tst o o 2sE D, L=2.1 fb"
& [ ingie 10p 2E Preliminary -
3 60 Diboson 155 E
- W-+jets 1 _;
40— Z+jets 0.5 =

- I Muttijet $0 400 500 600 700 800 900 1000 1100
20[ M, [GeV]

_ Limits on leptophobic 7’ boson

"800
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1000

1200 =
M, [GeV] @ M, <760 GeV and ;= 0.012M,,
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' CDF Jet Energy Scale

HAD

Jets are

composite object:
ecomplex
underlying physics
edepends on
detector properties

Different correction factors:
o (fe) Relative Corrections
- Make response uniformin n

o (MPI) Multiple Partficle Interactions

- Energy from different ppbar interaction
0 (fyps) Absolute Corrections

- Calorimeter non-linear and non-compensating
o (UE) Underlying Event

- Energy associated with spectator partons

Prjet(R) = [ Prjei™(R) x firey (R) — MPI(R)] x fops(R) - UE(R)

§ 0.0 s Total systematic

£ 0 B uncertainties for JES:
5 \ between 2% and 3%
= 0.04 | 2 .

.....................................

50 100 150 200 250 300 350 400 450 500

pY" (GeV/c)

Absolute correction chtor@
50 100 150 200 250 300 350 400 450 500
et (GeVic)
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Neutral MSSM Higgs

In MSSM, two Higgs doublets

a

a

a

Three neutral (h, H, A), two charged (H*)

H,,H, 0 - h,H,A, H?

Properties of the Higgs sector largely determined by m, and tanf3
Higher-order effects infroduce other SUSY parameters

Large Higgs production cross section at large tanf.

2
tand ~ 9
cxBR, . =2xo_  x %
L MU (+A) T [9+(1+A, )]
Tevatron _ Tevatron
SM imz j*w‘--H‘HI‘EHSSM, tan3=50
o 1 A~
— ' bb—-H %
Hggﬁ-bb-rH 1
1
m Ll
_ ~ 1D'£_' dg-H \
s bb-+H 107}
i
3 | i
100 200 300 400 T 200 300 400
M,, (GeV) M, (GeV)

. q BT
s&ssss_’ b h :
d ° T
Higgs decays:
BR(bb) : ~90%

Huge QCD background
BR(tT) : ~10%
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'BSM H 1ggs: Q- TT

CDF and D@ ¢- 11 channel

o TT pure enough for direct production search
o D@ adds associated production search: bg- b1t

Key issue: understanding t Id efficiency

o Large calibration samples: W for Id
optimization and Z for confirmation of Id
efficiency

MSSM Higgs —tt Search, 95% CL Exclusion

No Evidence for SUSY
Higgs

CDE Run I Preliminary; 1.8 o

o 9 70 N
o Limits: faNB VS My « «0 no mixing
S 50
o @1 generally 4 2o ]
sensitive at high CDF: @-TT -

no mixing

tanf 10

Mo = Pr+ P+ py

T Thaa T T, Thag Channels
1000 T T T r
s00l CDF Runll 1.8 fb-1| |
MSSM ¢t Search
Preliminary
600
{ observed
400 ] A—tt
L] ZA*—tt
2001 [ other EW, tt
I jet fake
UU 100 150 200 250 300

m;, (GeV/c?)

m,=140
GeV/c2

100¢

]

300

250

100 150 200

m,, (GeVi/c?)

0 100 120 140 160 180 200 220 240

m, (GeVic?)
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rID

Decay Mode Final Particles BR _
= — signal
Leptonic e Dol 17.8% seed track —— isolation
T 7 17.4% \‘ A
Hadronic 1-prong | 7 vy 11.1% :
7, 25.4%
7 2%, 9.2%
7 3%, 1.1%
K- v, 0.7%
K—n%, 0.5%
Hadronic 3-prong | 2r— 7w, 9.5%
2ty 4.4%

e Signature

e stiff frack pointing to a narrow cluster of energy in the calorimeter
e Challenge

e Discrimination from clusters from generic QCD jefts
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MSSM Higgs sector

M(W)-M(top)

T T T I T LI T I T T T T I T T T T ] T T

experimental errors: LEP2/Tevatron (today)

80.70 — a
i 68% CL ]
C 95% CL i
80.60
% 80.50
O,
T Cross section VS M(H) in Higgs+N-b
80.40 associated production
e I I I I : I I E —1o6Tev 3
F b quark pp >20 GeV/e, |n|<2 T
80.30 ' =40
o B : |
MSSM o AN AR AT "---mlgg"}!“ 3
R | ||
80.20 both models 3 k e i o || T
Heinemeyer, Hollik, Stockinger, Weber, Weiglein '07 7 =] i Higg=+1 el 'I'.J'-'--. B b
PR T Y N N N N N PR SN R N YT U S N NN T T M QF 1 .-.r.-.'.l':r'.l'_'J'l.__:
160 165 170 175 180 185 F —_
mt [GEV] gl | ; Higes +21h's b
B ey ]
0.1 E Dawson, Jackson, Reina, Waékérd;cﬁ'.?'_i"r- e
i hep-ph/0603112 e E
S TR S AR = TR Rk
M, (GeV)
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' MSSM H iggs Limits

Limits in o(H)*BR vs m(H)

H- 1T

H - bb

o(pp~+X)-BR(9~11) (pb)

o(pp—H+b,)xBR(H—bb) (pb)

1 00 T r1 ] 1 r1Trrrrrrrrrrryrrrr1rrrrrr E
CDF Run Il Preliminary, 1.8 fb! 3
— Observed N
10 &= e Expected —
- M 16 band 3
X 20 band ]
1 =
0 1 PR N T T T I N (NI SN [N SN U NI T N '
) 100 120 140 160 180 200 220 240

10

10 |

MSSM Higgs —tt Search, 95% CL Upper Limit

m, (GeV/c?)

95% C.L. upper limits CDF Run |l Preliminary (1.9/fb)

~
=
----  expected limit £
B 1cband g
B 2cband =
(5]
—  observed limit Z
2
g
Q
[Background systematics
'Iimli’ring imlprovemen’r atf low My |

~10? — 45
Ke] o) -
o D@ Preliminary, 1.0 fb™ o D@ Preliminary, 1.0 fb™'
E —— Observed Limit ? e —— Observed Limit
& w— Expected Limit & 35 w— Expected Limit
2 Expected Limit+l{ 2 30 | Expected Limit, iy
e} 10 ©
E £ ¥f
2 2 20F
n n s
(=1} o 9
15
10
1
(a) &
il Tl srpailie g gl 0 e
100 120 140 160 180 200 100 120 140 160 180 200
Higgs Mass (GeV) Higgs Mass (GeV)
D@ Run II Preliminary
B — Observed
10°F
- — Expected
10
- | |

PRI ST R I Y (N T SNNE N RN T TN O (N N 1Y
100 110 140 150 160 170

100 120 140 160 180 200 120 130
m,, (GeV/c?) mH (GeV)
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\ LHC mSUGRA cross sections

e Strongly inferacting particles
e High cross sections for gluinos and squarks production

- Golden signaturel

T. Plehn, PROSPINO

10
(0) o foo ISRl Ta e TARE T
(0] . Oulpblpp 228, 9. 10, B2k VY. 728 00
] x\\ ) ~. e "
10 “"‘a o - R
10 bt o I
Tr "o ‘ >~ ¥af
] ‘ﬁ T, S = 14 Tev
i -
ﬂ S —  MLO
2 L ---- LO
[CF
0 _J!i ﬂ' m [{eY |
LMD | 5 20 250 RILY 150 4000 450 SO0
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