


‘ Beyond SM: the unknown

Good reasons to believe there is unknown physics
beyond the Standard Model

= Many possible new parficles and theories
o Supersymmetry

a Extra Dimension Can show up in direct
, : searches or as subtle
1 New Gauge groups (27, W) deviations in precision
a New fermions (e*, ', b’ ...) measurements
a
- Model-inspired searches - Sighature-based searches
o Theory driven o Signature driven
o Model-dependent o Opftimize selection to reduce
optimization of event selection backgrounds
a Set limits on model parameters o Event count; event kinematics
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Outline

Overview of the CDF experiment

Model-inspired searches:

o MSUGRA:
Chargino/neutralino

Squark/gluino
Stop/Sbottom
a W > tb
o Flavor Changing Neutral Current: t = Zq
o MSSM Higgs
Signature-based searches
o High Mass resonances: Dielectron, dijet
o RS YrERf
Emphasize new results based on /L >1 fb! of data
Underlying problems and issues in terms of MC tools

http://www-cdf.fnal .gov/physics/exotic/exotic.html
CDF results http://www-cdf.fnal .gov/physics/new/hdg/hdg . html
http://www-cdf.fnal .gov/physics/new/top/top.html
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The CDF exerimen
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Model-inspired searches

onica D'Onofrio
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‘ Supersymmetry

= New symmetry relating fermions and bosons to cancel Particles\‘
d .

out conftributions to Am?, : Supersymmetry vL
9

Q] Boson> = Fermion Q| Fermion> = Boson )
=  Minimal SuperSymmetric SM (MSSM): L

o Mirror spectrum of particles

o Enlarged Higgs sector (two doublets with 5 physical states)

. ) Supersymmetric
= Define R-parity = (—] )3(B'L)+25 "shadow" particles

o R =1for SM particles, R =-1 for MSSM partners
> if R-parity conserved, sparticles produced in pair, LSP stable

. ¢ \ = Unifications of forces possible

SM = Provide a suitable candidate for
42 , NG With SUSY Dark matter:
/’ 50 LSP stable if R-parity is conserved

;nl / 40 Typically LSP is the lightest neutralino
Current mass limit > 43 GeV

30
Abundance of neutralino matches Dark
Matter density in the Universe

1
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logl0(Q°)
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Symmetry breaking

No SUSY particles found as yet:

SUSY must be broken: breaking mechanism determines
phenomenology and search strategy at colliders

More than 100 parameters even in minimal (MSSM) models!

choose a model

MSUGRA (gravity-mediated susy breaking)
o Neutralino is the LSP

o Common scalar and gaugino masses gravity
(5 parameters at GUT scale) SUSY > SSm
o Many possible final states breaking or (visible
. . (hidden sector
GMSB (gauge-mediated susy breaking) sector) . )

o  Gravitino is the LSP

) ) Gauge fields
o Photons from y = Gyin the final states

AMSB (anomaly-mediated susy breaking) | R-parity

Split SUSY » conserved: sparticles produced in pairs

* Not-conserved: single sparticle
production, constrained by proton decay
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‘ mSUGRA: Sparticles cross sections
and spectrum

10
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Typical signature at colliders:
large transverse energies and
large missing E;.
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; :
‘ Search for chargino/neutralino -

= MSUGRA 9, ¥*, pair production

o Signal generated with PYTHIA Tune A (Isasugra
v7.51), rescaled to NLO PROSPINO cross section

= Signature: three leptons and
significant missing transverse energy (&)

q
o Small cross sections (~0.1-0.5 pb)
o Very low background
r | 5000: )
w4 LEpwISP) | ] gcacrated
C 4000
o mussing' Eg wi|  Lepton Er
P Esmﬁ_ ! M,=60, M, =190, tan(})=3, A =0, ;1>0 0.9
Eam;_ M,=60, M,,=190, tan(P)=3, A =0, >0 E 2500 i—& — Lepton 1 0.8
lﬁmp:_ Ezunu;_ — Lepton 2 bﬂ'?
E 1500;—\\:\ _ _U.ﬁ
1o fL 1000 %Lepton 3 go 6
b 500: E -
T '*l'!; 0 ;!'1\%0' TR 0 20 R 060 5 04 : _ _ : _
ssing E; (GeV) Generated Lepton E, (GeV) /7] 0.3 I o BH[-II-_I;.-:i 30
= Data collected via high p; single lepton (18 GeV) 02 e BRI = 2 n)
and low p; dilepton (4 GeV) trigger paths DA [ —— BRUryy; - 2Mel)
pEe v T T e b L
= Hadronic decaying t as “isolated tracks” (T,) T Cnargino Mass (Gevich)
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‘ The analysis

= 5 exclusive channels with optimized
energy lepton thresholds

= various combinations of “tight” (t) and

“loose” (L) lepton categories \
W

e'uaTLep’r' THaar

o 3-lepfons (1,7 o)
o 2-leptons (e, T gpt) *isO-track T (Tyqqy)
= Ordered in terms of S/B

Signal region: Missing E; > 20 GeV + topological cuts, N;=0,1 and E{¢' < 80 GeV

T
tTT

SM Background

MC-driven estimate Data-driven estimate
s Drel-Yan Misidentified tight/loose leptons
i %{/boson (OWW, WZ/y*, ZZ/v*, or Iso-tracks (fakes)
)
s top pair production t-thar (W+jets, QCD)

- PYTHIA 6.216 (Tune A, P,Z correction) Large number of control regions

NNLO/NLO theoretical cross sections defined to test SM predictions
used for absolute renormalization

Workshop on MC Tools for BSM Physics
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MET (GeV)

10 15

‘ Control regions

Dilepton and trilepton
control regions defined
in terms of & and the
invariant mass of the 2
leading leptons

- 47 in total!

2-leptons control region

-1 A . . ~+ ~
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‘ Results and exclusion limit

channel MSUGRA Signal|  SM Expected DATA
fmepion | 45102404 | 088£005+013 | 1
(3 channels)
dilepfon + frack] o1 02+07 | 55+£07+09 6
(2 channels)

NEvents / 4 GeV

mSUGRA Benchmark:

m,=60 GeV/c?,
m,,,=190 GeV/c?,
tanf=3, A,=0, L>0

Good agreement between data and SM prediction - set limit

Search for ,(gyz;
——Data
Drell-Yan

[l Dibosons

tt
[l Fake lepton

— Signal

3 tight leptons
selection

10"

10%

1l I P R A N
60 80 100 120 140 160 180 200
Missing E; (GeV)

0 20 40

Use Bayesian approach
Sensitive up to 145 GeV/c?

Mass(x*,) excluded up to 140 GeV/c?

First chargino mass limit in mSUGRA
scenario at the Tevatron!

-

B
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‘ Search for Squarks and gluinos

q ¥ pair production of gluinos and squarks
70 v scan across gluino/squark plane

v PYTHIA Tune A, input masses, mixing | TaNB =5, Ay =0, u<0
and couplings using ISASUSY 7.74 mo ee [[05’8%%(?32@%2]
70 v Normalized to PROSPINO v2 NLO s SEa

v'MSUGRA signature with energetic jets of hadrons
q and large missing E; (x°)

L SUSY and Background Cross-Sections

CE ' Wolv+iets, Z-ll+jets

10

13

L and Z—vvtiefts:

12 | [—

=,
<
I < Bottom
ﬁ o =Use ALPGEN v2.1+PYTHIA
D 1 da

oo 6.325 (MLM matching),
QCD multijets: 10° normalized to the inclusive
- Missing E; due to jet energy o’ measured DY cross section
mismeasurements e .
> use Pythia Tune A MC DiBoson
normalized to dafaiin low- . = use MC normalized to MCFM
missing ET region 12 NLO cross section

u TOpI use Pythia MC samples mt = 172 GeV/c?
normalized to NLO cross section o,o,= 7.3 pb
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‘ Background rejection

10° CDF Run Il Preliminary L=14 fb‘1
a E
g ] whole dataset
CleOnUp Cuts “>‘1o5 I after basic cuts

after final cuts

» at least one central jet with | n | <1.1

» minimum missing E; of 70 GeV

104

» beam-related backgrounds and 10°
cosmics. Removed using vertex

information, calorimeter activity with 10°
correspondent tfracking activity...

10

ml

f | - 1 1 1 1 L L
210 3x10°  Missing E, [GeV]

70 80 102

W/Z+jets and diboson rejection

CD reiection > Elec’rromoqr?e’ric fraction of Thg je’rs.l.ess
= J o . . than 90% to reject electrons mis-identified
» |Ad (missingE;-jets) | > 0.7 to avoid as jets
events where the missing & is due to » | Ad (missingE-isolated track) | > 0.7 to
jet enregy mismeasurement. reject events with MET due to undetected

muons
» / veto applied

Workshop on MC Tools for BSM Physics
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Optimization |>.¢ i
T < o dgprod.
Mz> Mg R ggr?irr?c’res
7 H; =XEtjj1 4, E; Of the 5 prod H W |
leading jets considered dominates . \% 2f£fted
to further discriminate > 4 jets T /,
signal from background expected S e

M. (GeVic?)
atg
(=]

Different topologies
expected throughout
the squark-gluino plane

Me< M~

\
Giprod.

\\ im{q) <m(x, .
N dominates

N

100 200 300 400 500 600

M. (GeVic)) > 2 jets

[GeV] 4 jets 3 jets 2 jets expected

HT 280 330 330

missing E;| 90 120 180 Use jet multiplicity topologies to

Et(jet1) 95 140 165 maximize signal efficiencies and
Etjet2) | 55 100 100 enhance S/\B
Et(jet3 55 25 - : : :

werd > Define 3 signal regions
Et(jet4) 25 = -
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DATA vs SM predictions

events in 2.0 fb’!

DATA

SM Expected

>4 jets

45

48 £ 17 (syst = stat)

>3 jets

38

37 £ 12 (syst = stat)

> 2Jets

18

16 £ 5 (syst+ stat)

Nlet >2 MET>180 HT>330 CDF Run Il Preliminary

events / 30 GeV
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et~
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10}

10}

o=

—e— Data(L=20f")
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\ |
_|III|IIII|IIII|III|||||III
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Good agreement
between
Observed and
Expected events

Nlei >3 MET>120 HT>330 CDF Run Il Preliminary
10 —o— Data(L=20f0)
i —— QCD+non QCD Bkg,
> I —— non Q0D Bg.
0 10° Total Syst. Uncertainty
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S
o ' +
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‘ Exclusion limits
Use Bayesian approach
95% C.L. Exclusion limit on MgMy, and MgM, , planes

* When Mg=Mg —>2I\/I >392 GeV/c? * LEP limit improved in the region
* Mg <280 GeV/cexcluded inany case  pere 75<M,<250 and 130<M,,,<170

GeV/c?

.. -1
CDF Run Il Preliminary L=2.0 fb
600 L L L AL
Th tical rtainties included F— |
inthe calculation of the limit Bl observed limit 95% C.L. | p
- - == expected limit | CDF Run Il Preliminary L=2.0 fb
300 T T T T | T T T T T T T ‘ T T T T T T T T
500 - [ mintm(zpmeEn <m) Theoretical uncertainties — observed |il'l'lii 95% C.L. :
A, =0, tan=5, ll‘?/@l'q included in the calculation of the limit ... aypected limit _
,f, = _
P ¥ 250 — .
=) =
400 ., st . = A,=0, tanp=>5, u<0 m
- = 200— —
N -— ‘P = —
-.?_ < o _
= > no mSUGRA S L
@ 300 solution 3 150 —
o = L
— o
[ -2 x~ [
=
= 100 —
200 FNAL Run |
50
no mSUGRA
100
LEP1+2 uﬂ 100 200 300 2 400 500 600
M, (GeVic’)
0
0 100 200 300 400 500 600

M- (GeVic?)
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events / 30 GeV

‘ Knowledge of SM Backgrounds

Nj|=t >2 MET>180 HT>330

CDF Run Il Preliminary

= F—— = Understanding SM backgrounds is
- —fne fundamental
e —— o Tested away from signal region
- S et Uncortainty o In g/g analysis control regions done
10 ~- DataL=2.01") reversing selection requirements
- e > PYTHIA Tune A does a good job for QCD-
1 multijets and top production
- > Boson+jets well reproduced with ME+PS
oo RSO B (ALPGEN + PYTHIA in this case) once
) missing-E,[GeV] normalized to measured DY cross section
‘Control regién‘ Signal region ] N23 CDF Run Il Preliminary
Njﬂéa MET>120 HT>330 CDF Run Il Preliminary 1[’4%' 2 . g(a:t]: (eljdf:;cflb?)mple i
p— b — QCD + non QCD Bkg. isolated tracks
wE -z : nonQCDBKS. reversed cuts
F B top (0] L otal Syst. Uncertainty
s [ Zow g F N >3 CDF Run Il Preliminary
D 0L Wiy < oL =t
(U] [Jaco 0 E et it enhanced sample
=) C e ToLSysl.Unm_a]rlaimy "E - —e— Data(L-201"
2 L -+~ Data(L=2.0b") g 1 102 —— QCD + non QCD Bkg.
o 10 o . => non QCD Bkg
‘E E 10 ;‘ (q,’ Total Syat. Uncertainty
(] 100 200 300 400 501 ¢ - 1
missing-E;[GeV] "g
o'l AG(MET-jets) cutreversed 3z 4L
o fo0 150 200 250 for at least one of the :
E
< missingEr[GeV] > considered leading jets
W s Yoo 50200 250 300 550

Monica D'Onofrio
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MCEM: NLO, no showering + CTEQ6.1M, hadron-to-parton
corrections from PYTHIA TUNE A

[ J [ ) [ ]
10° = -
W/Z + inclusive jets 7. e
=N Systematic uncertainties
. - L —&— NLO MCFM CTEQ6.1M
Dedicated measurements performed for [ vt
_ F AT NLO scale p = 2u, ;p = p /2
boson+jets cross sections & 100l T LS et hadron e
Z(>e*e)+jets: ENE )
. 10 =
o clean signature, low background e
o Does not constitute background for e |
BSM physics involvina MET % Tef
. 1.4
10° - CDF Run Il Preliminary .% ; Zi
? § s - .12
é 102 = #*_Q_ Z(—ee) +21 jet inclusive 1 2I 3 > Njets
g T . . .
a0k == Data in good agreement with MCFM NLO predictions
T OCF A N Can define a common scale factor for all jet multiplicity
1 = —&— NLO MCFM CTEQE.1M ——
E Corrected tg hadron level -
1: :ﬁjgt‘ilpgﬂfmp:‘-:’ W+Jets % = ® CDFII/MLM ----r\snhrg;ncertzragn_ty -
10 g_ - - PDF uncertainties =?= o . D’E 2:_ z EBE Hj:ﬁ'lhélgﬁ uncertainty _:
: L . L Statistics for high = °F ]
185 . . e . 5 - ]
2 16- jet multiplicity | : S 1» =
E 142_ ReOl MET Si ﬂ(]'I'UI’e E ------ mgllzm EEE::'EUS;ES%THWW E
T . , - B : : =
s 1 mearmandstaae e o 9 © 015 ARl K =
E o8t similar BSM signals = ™ F & mea b . -
0.6E- ©  01E o swer LY
I 7
0.4 | « o00s5E Alga 3
g 155 - E
$ 145 —— Parton-to-hadron level corrections C . . . -
© E stematic uncertainties 0 1 2 3 4
13¢5 [ Systematic uncertaint Inclusive Jet Multiplicity (n)
125 MLM : ALPGEN v2.12 (LO) + Herwig v6.5 + MLM + CTEQ5L
e K SMPR: MadGraph v4 (LO) + Pythia v6.3 + CKKW + CTEQ6L1
0.95 . . L . . ‘ MCEM: NLO, no showering + CTEQ6.1M
30 100 200 et [Gevic)
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Model-inspired searches:
heavy flavor in the final state

Workshop on MC Tools for BSM Physics
Monica D'Onofrio CERN, 10/3/2008
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‘ Sbottom/ stop searches

= In mSUGRA framework, dedicated searches for b/t pair production
o assume masses are light and sbottom/stop decay in b/c + neutralino (LSP)

= Final state: missing E; + HF jets, identified via tagging algorithms

Main background:

o top, W/Z+jets, QCD multi-jet

o Tests MC predictions in

control regions

e Light Flavor contributions (mis-tags) = from data
* HF contributions - from MC samples

* ALPGEN v1.3+HERWIG 6.5: W/Z+jets(b,c)

* PYTHIA 6.216 Tune A: di-boson, top, QCD(bb,cc))
* QCD Multi-jet normalization - extracted from data

: imi 3 CDF Run Il Preliminary (295 pb”
QCD-dominated CR B L s
(5] C CDF Run Il Preliminary (295 pb ') Gy00| — D@ Run2 TODTITINATAS e r ’
v 1w L _| &= | 77} COFRun1 el e ?"=8°_ i L
£ E —e— Data 3 ‘é‘i - LEP Ayl T .‘fm
@ E I H g
d r [ Mis-Tag ] o 3 )i =
g Il cco (+HF) 3 60 s 50,
~ B r 40f
- B ewk+Top ] " :
10 E = 30f
E 3 = 20F
) ;_ _; i - II : 10,., T _;
E 3 _.|I Wi v |‘I'\|.|.||i:.- Lbetdd o_;|||l_“-.J||||l.-||||||ll.JT
- ] 0 20 40 60 B0 100 120 140 160 180 200 22,1‘1 5 60 70 80 90 100 110 120 130 140
b ] M(b,) (GeVic') M(t) (GeV/c?)
10 = = - -
; w 7m0 On-going searches updates with more
issing E; (GeV) data and new MC tools (ALPGEN v2)
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, —
W’ 2 tb
Search for resonant tb(+cc) pair production

In W+2 jets and +3 jets channels (semileptonic W),
look for unexpected structure in M(Wjj)

Background estimate:
DiBoson and tt: Pythia MC, normalized to NLO cross sections
W+bb/+cc/+c/+mistagged light quark jets:

H 1.9 fb-!

Prod

w’ W|th SM like fermions Coupling

Event selection
-1 high p; lepton (p>20 GeV)

a] Normalization taken from data -MET>25 GeV, 2 or 3 JeTS
o Determine HF fraction from MC samples (ALPGEN v2+PYTHIA) -At least 1 tagged jets
o HF fraction calibrated in W+1 jet data sample using distributions -Z and QCD veto applied
sensitive to HF content (shape informations)
Q Remove overlap W+inclusive jets / W+HF jets MC samples
95% C.L. Observed Limit - CDF Run Il Preliminary: 1.9 fb"
CDF Run Il Praliminary, L=1.9 it B Single Top - - - -
ih.-'lcunte Gark:u Scaled to Data] [ ttear 1.6 R — Expected Limit .
'3 Jets 1 Tag [ Mistag+Nonw u | [ + 10 Expected Limit
I [CJw+c like 14- "¥| —e— Observed Limit '
8o [ Wb like _ 12:; [ SMW: MW > M(v) |
—— Data £ | —— SM W MW') < M(v)
" sol. — Sys Uncert 19 1;_
E ; 0.8 -
g Al
4o EE 0.6
6 F
aal 0.4} ...................................................................
: ] 0.2 f_ ......................................................................................................................................
‘:' 16.:. B:H] m q‘m E‘:HJ E-W E?m 03qool 1 1 |40‘0I \530I 1 1 Is.jol 1 1 I7.jol 1 1 Isoiol 1 1 Ig.!ol 1
KS: 93.7%
Chiz/DoF: 15.7/17: 52.7% Mwya (GeVicT) W’ Mass (GeV)
Workshop on MC Tools for BSM Physics
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1ot |

FCNC (t 2 gZ)
q In SM, top FCNC decays highly suppressed (BR~1014)

Some SUSY models = higher BR (up to 104)
o FCNCsignal: PYTHIA 6.216 Tune A, my,, = 175 GeV/c?

L(e*te,utu)+4 jets candidate events perform a
template fit of mass x2

2 MW rec — MW PDG ’ Mt —Wh rec — My 2 My Zgrec — M .
y2 (Pre-Tag) X = ow + Cr—Wh i Ot Zq
(DK Prfiminary J7.dv=19Th t (@ Daa - Z+jets dominant background: template from MC
N E;”::i-.u ] (ALPGEN v2+PYTHIA) = rely only on the shape
= .e - . . . . .
I Eéxﬁf“ - Two signal regions: 21 b-tag jets, anfi-btag jet
N zl,::::“;:'n_. Best Fit to Mass x2
‘l“‘*;oﬂn- wn TFF JFTF FrTF fFE R [ NN [ FIF [T FT [ FIFJF TN [T NI FFFFOR
Ralic LT = Tagged Anti-Tagged | Control
3 i 5 Fuumay [ oI5 Fvamicy [ 'fl'.i'ﬂ Eruveai
- spl ® pamiisnly | CDFI Prefiminary |
- [ CFONCULPe) | [Ldr- 19
0 & 10 | T Fil Lnceraimy _
Pre-selection sample v g Aol & L
Top and diboson from MC. 20t B Dascsontwz. 72y T
Z+jets backgrounds scaled to ' '
match the data.
o

n 2 4 6 0 2 4 6 6 2 4 6 &
BR(t = Zq) < 3.7% 95% C.L. Limit e

Workshop on MC Tools for BSM Physics
Monica D'Onofrio CERN, 10/3/2008 23
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Heavy flavor-jets SM processes

Difficult to predict heavy - use MC samples for variable shapes and
flavor bkg in BSM searches: rescale to data

Boson+jets: estimations using ME+PS or

S Z+ b jet. CDF RUN Il Preliminary
T T

NLO calculations s F ]
. o 5 V=196TeV o CDFData =
- dedicated measurements performed g [ ;:w;v — PYTHAR. ]
_;' - .20 ]
o Ambiguities due to ME and PS overlap g ¥<1.5 :;Lg’:f“ ;
o Large uncertaintfies (PDF, ug, W) 3 — MCFM +Had Corr ]
Predictions underestimated i 1
_ o Z+b (1 or 2 jets)
W+b (1 or 2 b-jets) it .
Result 6xBR = 2.74 £ 0.27 (stat) £ 0.42 (syst) pb OE , + 5-1
1 2
Prediction: oxBR =0.78 pb Number of b jets
ALPGEN v2.10° + Pythia v6.325 + MLM + CTEQ6L CDF Dala | DYTHIA | ALPGEN | HERWIG | MO | 30
: : ~U Ethadr.
a(7 +bjet) 0,864 0144012 pb 050 pb | 053 pb
W+cC (single jet) ol +bjet)/o(Z) 03362005 £0041% | 035% | 021% | 020% | 0% | 0.28%
o(Z +bjet)/o(Z +jet) | 211£033+£034% | 2.18% 1.45% 124% | 188% LTT%

Result:oxBR = 28.5 £ 8.2 (stat) £ 4.4 (syst) £ 1.7 qum) P
Prediction: oxBR = 22.2 + 1.2 (PDF) £ 3.8 (scale) pb

Workshop on MC Tools for BSM Physics
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‘ Neutral MSSM Higgs _

= In MSSM, two Higgs doublets
o Three neutral (h, H, A), two charged (H?)

o Properties of the Higgs sector largely determined by
m, and tanf

o Higher-order effects infroduce other SUSY parameters
= Large Higgs production cross section at large tanp. 3| Higgs decays:

10 "k Dbb (~90%)
1.9 fb? a4f T (-10%)

gg-H

H = t1: major background: Z-> tt 100 ZDDM ?Engif{;U
Use partial mass Ty, T, Missing E; H
= H= bb: "3b" channel best compromise
1000 . ITGTD-'_ITMTh | —ry Wt between signal and background rates

[ Jet fake 1o E ' ' ' ' ' ' ' 1-: =196 Tev 3
F b quark p; >20 GeV/c, |n|<2 mﬁ —a0 3

m, = 140 GeV m=_|.[l.[|_|_]_l_[[[_|]_“-l-[l-l.]..”.l_[l_] lmgg_ o
|_—.|:'I_:I_':'_I:'I'.' S T | | i

i e, I

-
T
- L 0 T
1E Ty

S {ph)

|'|ll gEs+21b's
[']]'”llllll[||1|1|[||]]

ol Dawson, Jackson, Reina, Wacker!)t'hr T s 3
F . hep- ph/0603112 3
100 105 T Tlo 1S o1 10
M, (GeV)
0 50 100 150 200 250 300

my, (GeVic?) Search in mass of two lead jets
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' MSSM Higgs(bb)b

CDF Run Il Preliminary (1.9/fb)

events/(15 GeV/c?)

& 0225 F = oo
Backgrounds: E 02 ——
QCD-multijets (two true b-tags + b/c/fake tag) o 175k M bob
ot 0.15 b
Start from double-tagged bb sample -.3"":: Characteristic m
(fake-tags subtracted), then weight g M CAracteristic M
- 07 E | spectra for each
events by flavor hypothesis 005
Correct bbb and bcb shapes for 0025 £ .
double/triple-tag selection bias %0 10 150 20 20 00 350
. . GeV/
Fit the observed m,, spectrum with the mya (GeVE)
bCICkgrOUﬂdS Clﬂd a nggs ShGpe = 95% C.L. upper limits CDF Run Il Preliminary (1.9/fb)
No significant excess observed > — xpected fmit
L I 2cband
o CDF Run Il Preliminary (1.9/fb) :;:r —— observed limit
. e
- oox &
M beb A
M bgb a 10}
10 + s
I
T
g
10 ‘.E' PR [ TR TR TR NN TR TR T NN TN TN T [N NN NN TN NN T TN S N
100 120 140 160 180 200
> limits on o x BR my, (GeV/c)
50 100 150 200 250 300 350 » Background systematics limiting
m, (GeV/c?) improvement at low m,
Workshop on MC Tools for BSM Physics
Monica D'Onofrio CERN, 10/3/2008
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Signature-based searches

onica D'On

Workshop on MC Tools for BSM Physics

oftio CERN, 10/3/2008
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‘Se

ete Resonance

Many models with di-lepton resonances
o E4Z's
o RS graviton
Central-Central (|n; , | <1) or Central-
Forward (|n | <2) e*e- pair with E>25 GeV

Major Backgrounds:

o DY:PYTHIA, normalized to data in Z mass
window

o QCD (including W+jets): data-driven
Resonance search (mass range 150-1000
GeV/c?) performed with unbinned
likelihood ratio

> Fluctuation ~ 240 GeV/c?

> S/oB=3.8

> Probability of observing a background
fluctuation: 0.6% = 2.5 o significance (5% if
using previous analysis selection)

arch for High Mass

CDF Run II Preliminary

“ - data
I E: 11 Drell-Yan
:_._-%1 f B i aco
S7H, i 4 [l Other SM
E .ll - T
Sl o
E &S &S0 200 230 40 O 200 ":ﬂ.’l:.l l:?]z.ﬂ'.llz
w

100 200 300 400 500 60D VOO 200 900 1000

M(ee] (GeVic)

(data-prediction)/c(prediction)

L 1 FEPEFE BPECEr AT
[<TeT] Too aon Q00 1000,
Miee) GaVic

'l EPEPEPEE PP B |
200 300 400 S

Workshop on MC Tools for BSM Physics

Monica D'Onofrio
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‘ Search for High Mass e*e Resonance

CDF Run 11 Preliminary

= Set mass limits on RS graviton and Cross Section Upper Limks 95% GL, spi1) |- 2250
Z’S from E6 E"l!: —-- Expaciaion
o SM-like 7': 966 GeV/c? o)
. . T
o RS graviton with mass below 850 ]
GeV/c?for k/MPI=0.1 is excluded £
-
e
Signal samples = PYTHIA, k factor = 1.3 applied for 5
NLO corrections o
World best limits

RTINS T S T A SIS AR A O A Pt 1
"2pp 0 A0 S00 00 JOO &M 900 rﬁl]

M. (GeV
CDF Run II Preliminary CDF Run 11 Preliminary
Cross Secion Upper Limits {957 C L, spin-2) [L = 2.5 fb! KM, vs. RS gravllion mass
EI — Dbsewatinn z
= - Expectation B oo L =251
4 kA, =0.1
T — kﬂ:=ﬂ.ﬂ? - Exduded region al 35% < L.
e | — KMp=0.05
= — kM, =0.025
? w0 — W= 0.01
= [
[+ |
B t+ it
FEE ERE T NI T R R I AR T N AN ST A A tooa by ks Bayogg v by v e v b v s o |l
"0 300 do0 500 600 700 800 900 1000 S G0 FO0 GO O
. (GeVic) M, (GeVic’)
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Search for High Mass D 1.1 bt
Di-jet Resonances

Many Models with new particles
decaying into di-jets |
0 Axigluons, excited quarks, W'and 7', R e -

CDF Run II Preliminary, 1.13 fh! _
w0 b indf  16.16717

RS Prob 0.5127
L ' ' z z

do / dMjj [pb/{ GeVic®)]
o

di-quarks in E.. RS gravitons, etc. 10° _______________________________________ _______________________________ o ___________ =
L Use PYTHIA Tune A for SigﬂCﬂ ::: _____ ___________________ ___________________ ___________________ ___________________ __________ ++ ______
M, [GeVic’]

SM couplings for W'/Z’
k/Mpl=0.1 for R-S graviton

(Data - Fit) / Fit

Use events with Ni>2, |y |<1.0,
M;>180 GeV/c?

o Fit mass spectrum by smooth

function % %é _________________________________________________________________________________________________________ § __________________________
test with Herwig, Pythia, and NLOJET++ f %::':".“ """ H+++++++ """""""

o look for excess over fit function L e
+ z;n ll(;l:l Elil:] a'm 1[Il:ll 121'.'1(1Mu [G:‘I;!lézl

Workshop on MC Tools for BSM Physics
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‘ Search for High Mass Di-jet Resonances

= NO excess observed | ©bserved mass exclusion Model
o Set 95% CL limifs
a World best limits

260-840 GeV/c? W’ (SM couplings)
260-740 GeV/c? Z’ (SM couplings)

1 _ . CDF Run IT Preliminar;r, L13 fb'l.

5 CDF Run II Preliminary, 1.13 b
P[] - =10 E = T H H
i) ' ' ' : : 4 = : - , :
o ——e—— 95% CL limits (for B-S G, Technitho) | a r —e— 95% CL limits (W)
k¥ ——e— 95% CL limits (for the others] v oI —&— 95% CL limits (Z')
:\1_102 SRURRRRRN . /SN, T RO 2_ 102 e
E:- ---- Technirho : E.h . ] :
? - — RS G (ki],=0.1) 3 i —Ww
E 10 g N e ,. ............................. — Excited quark E 10 M IAN -Z
E' - . . | Axigluon/Coloroh E' -
< b N - . .. - E6dquark | < L N R SN S SO
®* E : : : Yo, i, : # g "
[ = : : H o - :
o | m ;
» N * B g
D'1(,-1 -E-- D1()"' .E... .......................... . A
102 o e NN 10-2_ N T RPN SR B, PR A
400 600 800 1000 1200 1400 400 600 800 1000 1200 1400
Mass [GeV/c'] Mass [GeV/c”]
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‘ Single y + Missing E;

= Compactified LED models predict direct
production of Gravitons:
qgq>YGy (also MET+et aq>9Gy,.ag>aGy. 99>9C
(signal simulated with PYTHIA 6.216)
= Event selection:
o <10
o E(y) & MET>50 GeV;
o nojetwith E>15 GeV;
o no frk with Pi>10 GeV.
Optimization for Large Extra Dimension signature:
E;(y)>90 GeV CDF Runll Preliminary, 2.0 fb=!
Channel ~ET > 50 GeV ~Er > 90 GeV
i _ W—e—y [473£51 26+ 04
Major bkg: W p/r—n 191242 10402
« Zy2>(VW)y Wry —wy—~331+£102 L7412
(MADGRAPH) Wr —ey—~ 80£30 08+0.7
Wry =71y —=~|17.6+16 2.5+ 0.2
. Yy —y 180£23 23106
*Non collision bkg |cosmics 364+25  08+13
eFake (|/Je1' > y) Zn — vy 99.7+95 252+ 2.8
Data. 280 40

Mp Lower Limit (TeV)

Illil[lil

Zy, Zovv
I W elpft—y
20 vy, losty

I T T 1 | T T 1 | T T
CDF Run Il Preliminary, 2.0 fo'

il'l

£ I Non-Collision
a [0 W/Zy, lost efu/t
§2} — ADD n=4 m=0.8 TeV
c 10F
o £
>
L
1 = L (LT I| oo |
100 120 140 160 180 >180
Missing E; (GeV)
I SO ! ! ' I

3

CDF Run Il Preliminary
=0 CDF Jet/y + E-

— CDF y+F; (2.0f0")

I CDF Jet +F, (1.11b)
---- LEP Combined

4 5

Number of Extra Dimensions

Monica D'Onofrio

Workshop on MC Tools for BSM Physics
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X

= yyrtX where X can be missing E;, d
lepton or a third photon

X = Missing Transverse Energy
=My 2l <1.00 By 2)>13 GeV

= Data driven background estimate

o “MET Resolution Model” to predict fOke/ET/
and select events based on ME;-significance

o MET-significance measurement based on jet
+ unclustered energy resolution

= Two confrol regions : Z—e*e"; non-ISO yy

CDF Run Il Preliminary, 2.0 b vy signal sample
|q ||||||||||||||||||||||||||||||||||||||
<10° —s— Data
£ ; 1 Bckgio, .

S 104 B =3 QCD with fake &,
w [ SM with real E;

I Non-collision
Fake §; only

MET-significance

18 20

wdu-uw‘ETm,

14 16
-log(1-P
o1

Many models to interpret results!
-Fermiophobic Higgs
-Technicolor

-GMSB \ ,

X = tau lepton

= Ny 2| <1.00 By 5)>13 GeV
= Tau visible mass >1.8 GeV
= | or3tracksin 10°cone
= Data driven bkg estimate (fake 1)
= Real 1 from Wy and Zy: MadGraph
Search foryy + X, X =1 Search foryy + X, X =1
o [ CoFRunWpreliminary 2014p6" | B 225 | COF Run lPreliminary 2014pb’ |
g 25 B 1 ndard Moder] g 20 —— Standard Mode |
8 218 =
§ 20 5
oo ] 3
15 1 e
10- ]
e ]
E R L REE L DA EE N E N E

Tau Et (GeV) Missing Et (GeV)
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Conclusions

CDF has a wide and rich program of searches
for physics beyond the Standard Model

Some of the most recent results (1-2 fo!) have
been presented

No evidence of new physics yet ..
Major challenges in BSM searches:
0 understand SM background processes

Workshop on MC Tools for BSM Physics
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‘ The Standard Model

Matter is made out of fermions:

o 3 generations of quarks and leptons g
. © ")
. 3 A .
Forces are carried by Bosons: 3 g Higgs
o Electroweak: v,W,Z =
o Strong: gluons § g
. ) = O
Higgs boson: § s
o Gives mass to particles 2 Not found yet _
Three Generations of Matter
Remarkably successful description of known phenomena but ...
The Standard Model is theoretically incomplete
9 Chemical Elements:
8 (other than H & He) 0.03%
Neutrinos: * Mass hierarchy problem
0.47%
Stars: e radiative correction in Higgs sector
0.5%

e Unification
Free H

R e  Dark Matter

4%

Rt * Matter-antimatter asymmetry

Dark Energy:
70%
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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|!

AP a2 Y . Mg ..
Ami; = 16;2 [—21&%l\®-m§r In(Auv/my) + .. } Am¥ = ﬁ {Afr\@m% In(Auy/ms) + .. }
f 5
Fermion loop rT <
>t o { 1 loop of scalar
f articles
U sl g
Ayy =2 ultraviolet cutoff
Masss of Higgs scalar with quantum corrections

is kept small only with fine tuning of the parameters!

Possible solution: introduce a symmetry to cancel all dangerous contributions

Workshop on MC Tools for BSM Physics
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mSUGRA

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

5 parameters at GUT scale

B
o
-

1. Unified gaugino mass m, ,
2. Unified scalar mass m,
3. Rafio of H;, H, vevs tanp

Running Mass (GeV)
| 9]
o
o

0
4. Trilinear coupling A,
5. Higgs mass ferm sgn(u) 0o |/ Evolved back using RGE |
l ¢« v e ey oy
2 4 6 8 10 12 14 16
. : : LogoQ (GeV =a7
In R parity conservation scenario, I 29109 (GeV) p—
the LSP is the neutralino (¢, ) EWK GUT
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‘ LHC mSUGRA cross sections

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

- Golden signaturel

T. Plehn, PROSPINO

107
(0 o) I O S S
(Po) Oy [Pl pp — BE. Q3. 1)1, 227 V9. %22, 700
10 2 T B
10 |
| IS = 14 TeV
P
— ML}
-1 - Ll
i)
.2 ﬂ m el
L0}
L (WD IS0 2000 250 300 350 4000 450 300
Workshop on MC Tools for BSM Physics
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‘ Control regions

—
8
CDF RunIIPmIiminarijdt-E,[lsz" Search for {li {'f =
1 - —
5 L
p.8— Control Regions: Dileptons =
ﬂ.ﬁ;— 2 tight leptons 1 tight + 1 loose leptons 0
0.4;— o
0.2
Fop—— e
: g ¥ 15 _ 76 106
0.2 Invariant Mass (GeV/c?)
0.4 Q_IGDTOH,S CDF Run IIPraIimInaryILdt=2.l121'b" Search for {ll W
B control regions 5, -
0.6 = ) )
- 4 :_Cuntrnl Regions: Trileptons
_n_ﬁ:— 32— . Twotight . Omnetight & Twotight gnetlght
] T O O O oF  Anngm | O"S'9°% | Tweloose | Oneswack - Oneloose
e | = N o= = gz N = N -] z a = : . h .
5 8 NN 2 5 8 NN 2 - : : : :
= = 1= : : E :
o bt . bl ol S
8wk f s'lls}lls* T f
o ar } E E E '
3-leptons 2 5 5
control region -3
-4
_5:IIIIIIIIIIIIIIIIIIIIIIIIIIII
5T 8 &8 & 8 &8 8 8 &8 8 /8 &8 8 ” &
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Fake rate estimation for trilepton
analysis

= Hadrons (A) misidentified as tight/loose leptons
or T, (fakes)

m Three lepton final state:
o Fake rate P(h—tlll) measured in data
a Data driven estimate events with lI+A scaled by fake
rate P,
= Dilepton + isolated frack final state:

o Fake rate P;(h—T.) measured in data as a function of
event frack mulfiplicity

a MC driven estimate events with ll+A scaled by fake
rate P;

Workshop on MC Tools for BSM Physics
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Systematic uncertainties for squark/ gluino search

Signal & Background - 3% variation in Jet Energy Scale (JES)
- 6% uncertainty on luminosity

PDF: CTEQ6.1M. Use Hessian
method to determine systematic
uncertainties.

Renormalization scale:
Default:
. ~Q:gz L= My
-Sg: 1 = 0.5[MgtMq]
-Ssand sb: p = Mg
Nominal PROSPINO scale
shiffed fo V2 and 2 .
ISR/FSR:

increased/decreased via variation

ISR/FSR in top and Boson+jets
production

Most sensifive in tails at high H;

For top bkg, also consider 10%
uncertainty on PDF and
renormalization

2% global uncertainty on inclusive
W/Z cross section used to normalize
W/Z+jets cross section

10% PDF + Renormalization
uncertainty on diboson cross section

Uncertainty on QCD normalization
negligible (< 1%)

Workshop on MC Tools for BSM Physics

Monica D'Onofrio CERN, 10/3/2008

43



‘ MSSM limits for 3b-Higgs search

> From limits on ¢ x BR to Interpref results in 95% C.L. upper limits COF Run Il Prefiminary (1.9/fb)

MSSM scenarios:

» Include non-negligible Higgs width (~20% for

tanb = 100)
> Lose senisitivity and yield
» limits worsen considerably

> Best limits obtained in scenarios with u<0

(loop enhancements)

expected limit
1o band
2o band
observed limit

10

o(pp—H+by)xBR(H—bb) (pb)
BlE

10

100 120 140 160 180 200
my, (GeV/c?)

CDF Run Il Preliminary

@ - 95% C.L. upper limits CDF Run Il Preliminary (1.9/fb
0 gask m. = 150 . 200 PP ry ( )
} . __ 0 [
g c B SM no-width g 180
160
n 021 M tanfi=50
-
— 140
e C I tanp=100 120
0 0151 =
tanfi=150
E r ¥ 100
= 01f 80
C 60 ---- expected limit
o I 1icband
0.05 B 40 m, " scenario, |1 = -200 GeV B 26 band
I | : | 20 Higgs width included ——  observed limit
u L k . 1 1 L L L 1 1 1 L L 1 L - . . . . Il L 1 I Il Il Il I 1 Il L I 1 1 1 I Il L L I 1
0 L
50 100 150 200 250 300 350 2 00 120 140 160 180 200
m,, (GeV/c?) m, (GeV/c?)
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B~

Sensitive to new physics: if no
observation, it can strongly
constraint SUSY models

b MSSM e o
SM prediction:
HY/A° BR = 3.42 x107
SUSY enhancement
< = ~(tanp)®

~ tan®p

 Data sample dominated by random
combinatorial background

« Extract signal with Neural Net based discrimina
B, and B, considered separately:

Bs—uu 3 observed events (3.6+/-0.3 exp.bkg.)
Bd-uu 6 observed events (4.3+/-0.3 exp.bkg.)

No significant excess = exclusion li

1000
800

~
[«B]
3 600
=l

mSUGRA at tang8 =50
Arnowitt, Dutta, et al.,, PLB 538 (2002) 121

A=, >0

tanf=50
¥ -1
i a <11x10

T S R R Ty

200 400 800 1000
Br(B.~up)<5.8x 108 @ 95% CL m, ,[GeV]
Br(By —p)<1.8X 108 @ 95%CL
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