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Tevatron

* Direct measurements are the most
precise and can only be done at
hadron colliders: Tevatron now,
LHC in the future
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Detectors

e Accurate tracking system with silicon detectors
e (Good calorimetry to measure EM/Had energy
« Efficient b-tagging capabilities

Wall Calorimeter (Had) (. "
N

Plug Calorimeter (EM+Had)

Forward Muon Detectors

,,,,,,

» -=';5—':_3
W @
\ P8\
Forward Calorimeter (EM) A
Silicon Vertex Detector
(LOO+SVX+ISL) =——
N |
Drift Chamber (COT) % 14T Solenoid

excellent tracking system excellent muon coverage
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Particle detection

 Electrons:
_matching between track and EM calo Tracking Electromagnetic Hadron Muon
chamber calorimeter calorimeter  chamber
—shower compatibility (reject nt9s) i

_ _ _ photons
—isolation (reject showers from quarks)

et

 Muons: —»

—matching track to muon chambers muons
e
—isolated tracks

nt p
—
e Taus:
n
—1 —>leptons through e,u — —

—1 =*hadrons through jets Innermost Layer... » .. .Outermost Layer
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Leptons

e “simple”, robust ID, small fake rate
* Cross section lower than jets, but easy to trigger (e,u)
« Many final states contain leptons

o Start with SM signatures

e Deviations can provide hint of NP
e Using ratios may help to look for deviations
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SM Higgs and beyond

*Higgs search is a major goal of HEP, central part of Tevatron Program.

*With recent observations of single top and WW/WZ-vjj Tevatron is closing

in on the SM Higgs boson.
«Direct search & EW fit set: 114.4<m <186 GeV @ 95 % C.L.

*The SM Higgs is now within Tevatron reach !
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Higgs decays

e At high masses: H=WW is dominant decay mode
o At low masses: H—bbar is dominant decay mode
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Search strategies

*Event selections are similar for the corresponding CDF and DO analyses.

*Search for H-bb in association with W and Z:
— Main low mass channels
— ldentify Higgs as two jets with 1 or 2 btags
— W, Z identified as leptonic or hadronic decays

*Search for H-WW=Ivlv in inclusive production:
— Main high mass channel
— Selects on two charged leptons + missing et

*Search for H-TT, YY in inclusive production:
— Minor channels for Tevatron, but important for LHC
— ldentify Higgs as a pair of T or a pair of y

*Employing “no channel too small” strategies to gain signal acceptances
while reducing backgrounds with advanced analysis technique(NN,ME,BDT).
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Low mass Higgs searches

e |dentified leptons
e WH—-Nbb, ZH—IIbb q §u z °
N

¢ Invisible leptons
e WH—()vbb, ZH-wWbb ~  MWWA

“H

1. Identify W/Z: leptons (e,u) ‘
e Maximize lepton coverage

3
n

e e.g. leptons not in fiducial region of calorimeter Forward Electron  Central Electron  Track in Crack
. . . Tagger
2. |dentify Higgs decay: jets - 4NN \
< * JLIP
e Develop NN and other advanced tagging algorithms g D3
e Develop multivariate jet corrections %
3

Dagra od v o0

3. Reduce backgrounds

e Multijet backgrounds particularly difficult =S e :
* Model using data = ’. soq-"' o ———
e Use NN to separate R I R R ]

Fake Rate (%)
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ZH channel

CDF Run Il Preliminary (4.1 fb™)

(" . o data WWWZZZ
3500 PreTag (High S/B) 0 ; i ! -
42 2008 D M,, = 120 GeVic* x 1500 Wz @n
g B z+ee [ uncertainty
= 2500
o
| 2
¢ Fully reconstructible final state g
Z

e Backgrounds primarily Z+jets, diboson and | g .
ttbar (little QCD) 75 80 85 90 o5 100 105
e \ery small signal rate L)

CDF Run Il Preliminary (4.1 fb™)

2200 PreTag oda [@PWWWZZZ
e Expand lepton selection to maximize g 2007 Ou,-oeowe it i j::ﬂ‘g o
acceptance Z 1600 Wzoce [ uncertinny
¢ Select events with 2 leptons, 2 jets, at least E
one of which is b-tagged £
e Can use NN to improve dijet mass -

resolution 0 50 100 150 200 250 300 350 400
M, (GeV/eh)
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/ZH results

ZH—Ibb

—— data
.. -1 ~

. CDF Run Il Preliminary (4.1 fb™) < SR TPy T | Z+jets
= 1 Double T Tag (High S/B) o daa  [EWWWZZZ | = 30 — %HF
g 5.: - . mistags D Fakes E [ Dié)OSOn
E ] D M,, = 120 GeV/e" x 25 . Z +bb D 1t & Multijet
- 4 Z+ inty —
S : [ z+cc [ uncertainty ZH X 100
2 ]
E %7
> ]
7z 2

1

0

0.6 1 0 01 02 03 04 05 06 07 08 03
NN Output 10% Slice BDT Output

e CDF: 2D NN (ZH vs ttbar, ZH vs Z+jets), include leading order ME as input
* 4.1 fb-' Observe (expect) 5.9 (6.8)x0sm @95% CL for my=115 GeV

e DO: boosted decision tree
e 4.2 fb' Observe (expect) 9.1 (8.0)xasm @95% CL for my=115 GeV
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Low-mass Higgs

Tevatron Run Il Preliminary, L=2.0-5.4 fb™

R e
E 4
-
o 3
N
& 2
1 SM=1
! November 6, 2009
0100 105 110 115 120 125 130 135

my(GeV/c?)
e Comprehensive search for low mass SM Higgs at CDF and DG
e Cover all associated production channels
¢ High mass H—=W+*W" search also contributes at low mass
e Combined CDF+D@ sensitivity at my=115 GeV is now 1.78x0sm

e Observed limit of 2.70x0sm at mp=115 GeV
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High-mass Higgs search

Dominant decay
g for m >135GeV I

isH—-WW

2 opposite charge
» high p_ leptons

(electrons, muons)

Dominant production mode
at the Tevatron is gluon fusion

: +
Missing E_
4
;.
CDF Run Il Preliminary fL =481’
8 70 OS 0 Jets, High S/B _w
S  Em, =160 GeV/c? .31;
» Event signature: £ o
> - — HWW x 10
—two isolated high-pT leptons with opposite “ *f
charge 4ol
—large MET o0
 Backgrounds: dibosons (mainly WW) “E
—Drell-Yan “F
—Top, W+jets, W+y, multi-jets %08 06 04 02 0 02 04 06 08 1

NN Output
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VH=>VWW=|vlv+X

CDF Run Il Preliminary [L-asw"
25: SS 1+ Jets Wijets
. . . = = 2 mwy
Search for Higgs signal in sample 20:'“" 1600 Gevie =0

with same sign dileptons to further 2z
increase sensitivity both in the 15 % + o

intermediate (~130GeV) and
g

T

Events / 6 GeV

10

high (~160GeV) mass regions

IIl1|IIIl|lIIII

5
VH —- VWW where V (W or Z) and e N
one of the Ws from H decay leptonically % _e‘ol "7,0" T 15# ;‘G‘l‘%)
e
CDF Run Il Preliminary J.TL s’
VH-=VW'W —=|*v|*v+X 8 [SS1+Jets "
S kM, =160 GeV/c? a
g 7 W -
Largely reduced SM background 2 1 v mo
"

—HWW x 10

[y
N

due to like sign

”' 4 -e-Data

[]H
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NN Output
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Instrumental backgrounds:
Charge flips and fake leptons
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Tevatron combination

Combination of orthogonal final states to maximize sensitivity
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Tevatron combination

Combining CDF and DO for maximum sensitivity

Tevatron Run Il Prellmmary, L=2.0-5.4 fb™

—
UE) LEP Exclusnon h Tevatron
?é e L Exclusion
..... xpecte
Eo] = e e
- ' . +2c Expected
(&
2
nH
(o))
M, =165 GeV
Obs: 0.94
M“=115 GeV AAK November 6, 2009 Exp: 0.89
Obs: 2.70 100 110 120 130 140 150 160 170 180 190 200
Exp: 1.78 mH(GeV/cz)
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Prospects

‘With 10 fb! data, Tevatron has 1/3 of chance to see
some hints of SM Higgs for all m <180 GeV/c>.

Probability of 3¢ Evidence

0 :j"t"-l"'l'l".’l‘/"“"(l-l1 llllillllillllillllillllillllillll:lll
100 110 120 130 140 150 160 170 180 190 200
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Higgs In Top decays

e Search for H* in ttbar events: 100sM(H*)<160 GeV/c?, BR(H—=tv)=1

« if the H* exists we may observe an excess of events in the It channel
Incompatible with the SM

ft — WFW~bb — Tv,lvbb tt — H"W~bb — v, lvbb
(4 T
4/ o H* oL Vi
q q -’

SM tt ChargedHiggs

—>probe non-standard physics (t—=H"b, ...)
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Measuring ratios

e Tau dilepton analysis is useful check on tau efficiency
and can be sensitive to non-SM physics

« Key is to understand relative efficiency of |/t
 All other systematic cancel out (i.e. ISR/FSR, lumi, etc.)
e If discrepancy is found, case Is more convincing

x50-100 events @LHC "

16 [

* BR(t—H*b) could be large
* H*—t *v, enhanced if tanf large

= observe more taus

(tanp: ratio of vacuum expectation values)

N
N
'y

Expected number of events

S ®
T

)
I

(o) @
T

SRS
T

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

PRD 62,012004
Miiggs =100 GeV/c?
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Upper limit ot 95% C.L.
e S
L ww
o L ondeerrr il st b s lanasleoss ]
0 0102 0304 0506 0.7 08 09 1
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Cross section ratios

PLB 682, 278 (2009)

Many systematic unc. cancel in the ratio

~—
) ) T 1 B(H" —c3)=1 A
Study of cross section ratios 8 exected 95% CLimt 2 L1018’
> sensitive to BSM = "1 —e— Observed 95% CL limit

1. BR(I+jets)/BR(Il) 06 e,

2. BR(I+tau)/BR(ll) 04|
B(t — H'b — cab)” °%

Tevatron *=preliminary 0 1 — — — —
T 80 100 120 140 160
~—1 lept.+jets M, [GeV]
DO,/ o |—0—|-|| 0.861017 ' e
il i -0.17 1
i | T ] BHowe 0. Lo1.0 '
| 0.32 '? 0] HH Expected 95% CL limit T
DOG,_ /oy, 0.97 L % GL limi
gt o ikl 0.29 ~_ = Observed 95% CL limit

0.6

| ¥ ¥

. B(t— Hb b
| tasgp BEo HIb o T
|
|

CDFG,/c,* : 5
o L tau |ep'[;kA e ///
% - 029 o

———
0.5 5 15 > 07780 100 120 130 160
tt Cross Section Ratio M, [GeV]
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Top quark: dileptons

* Two leptons (e,u)+2 jets+tMET

» Look at jet multiplicity
* Derive b-tagging, R, cross-section

PRL 100, 192003 (2008) B(t — Wb)
] n ' —
1§' | L=0.9fb” - DO Data o B(t — Wq)
® ] tt
° 4004 Iothgr
2 1 Wijets +0.09
5 1 WMultijet R=1.03_ 4 (stat+syst)

200" ’ :
- |V |>0.71 @95% CL (lepton+jets)
IV, |=0.91 (single top) (hep/ex-0612052)

- ,
1 22 Not yet sensitive to SM

Number of tagged jets

= Simultaneous measurement of cross-section and R
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Probing heavy flavor of ttbar events

» Study dilepton channel » Selection:
— 2 leptons+ =2 jets + MET

* Advantages: o .
— no b-tagging in preselection

— less combinatorial ambiguity

— less background ® Clean S|gnature
* Disadvantages: e Goals:
— lower statistics —measure ¢(b) and R, cross section
— jet assignment PAS TOP-09-001
msoc . wu' 03’_1 T :._'...T._I_._ TT M
Z>450~ CMS simulation ST - C S S|mulat|on
: L - 250 pb-1 : 025~ -::' '\.,,..' Stat Only
400F . : '
350; oot . O‘2H
3001 W/Z+ets, VQQ -
2505 di-boson,QCD E 0.151— : .
200F Single top : — 30"%.,'
: . 0.1HEE o " ]
150F Ll
- ] L—— 10
100 -
g 0.05 +f' t result B
50 =
1 —— MC truth ]
0 0 1 2 3 4 5 6 . 00721(37‘;‘676 0.78 08 0182‘(518‘;‘0&5 088 09
b-tag multiplicity €p
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Multi-bosons

 Direct probe into the gauge structure of the SM

— rich phenomenology with well calculated predictions:
+zero triple neutral gauge coupling ‘i'“ﬂ"‘" O Ay — ie(W,r W = WiW, )l .i,li),,H'J - oW+
«radiation-amplitude zero ie(W,f A, — WS A,) +ig'cu(Wi 2, - WS Z,°+

 Must-do preliminary for the Higgs 11002 = B2, + ig W W = WEWE)P
— benchmark for experimental capabilities

— diboson final states ~ Higgs final states
 New Physics effects

—new couplings
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Diboson production

Tevatron Run Il, pp at \s = 1.96 TeV

10
‘;;0 Jets
?109 1 v’ Observed & measured
o Heavy Flavor at Tevatron

standard model

S10°4 w

WY W : :w P
Y Y 8101 M Theory
0., 7
3101
O .6
q Y Y O 10°4
IZ

q 4 =
3] v_iZ
ZY 7/ § 10% 4
— 3 p
q 102 1 - v New
‘ . ~10 orders WW Single FPhysics
q W ' A4 104 | |of magnitude! - i YVZ Top :
. 1y . . 7z Higg
1
q W g W 191
- 10°* ‘ ,

RN T AT

q W A4 Flay,,
W
WZ Process Events in 5fb-1
." Z z WW—lviv 2720
z , Z zz->I 30
:( >"X Zy->lly 1485
, yA WZ-Ivbb 599

WH-Ivbb 158
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Two leptons: WW

q
i W W E (a) ee+ep+un D, 1 1o’
« 30
S
~20
q9 \"A" q W g -
o |
. @10-
Two isolated leptons and large MET
¢ Easiestto observe
LI 80 100 150
¢ Important background for the H-WW Leading Lepton p_ (GeV)
Results:
¢ CDF:12.1£0.9(stat)+1.6+1.4(syst) pb 2 Fiod Tomplaios wer
e arXiv:0912:4500 3 —
€ Czz
¢ DO: 11.5%2.1(stat+syst)£0.7 (lumi) pb : Eff
e  PRL103, 191801 (2009) prad
Nominal MC
¢ NLO theory: 11.66%0.7 pb

0.1 02 03 04 05 06 07 0.8 08 1
Matrix Element Likelihood Ratio (LRWW)
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WW and TGC

Lepton p; is sensitive to TGC ~04 @ D@, 1 6’
o CDF Run Il Preliminary rL=3.6 ' 0-2
%10z = = —tDbaa 24=0.16 0: @
(0} = [
o L At =0.34 -0.2
(\D 10 - :
'aé; ; - A" =0.72 -0.4E
o 4L 1 0 1
B Ax,
o'k Lwwy _ igY (Wi, WHVY — WiV, WH)
gwwv
o : i uv AV 2ot B oyvA
ot ] +iryWIW, VY + W] wH v
0 50 100 150 200 250 300 350 400 450 500 Mg,
Lepton P, [GeV/c]
o 4 (D) DY, 1 fb’
CDF Preliminary Results at 3.6fb™! <™
A 2 Ag? AK" 0.2
2.0TeV (—0.14,0.15) (—0.22,0.30) (—0.57,0.65) 0
1.5TeV (—0.16,0.16) (—0.24,0.34) (—0.63,0.72) 02
D@ Results at 1.0fb~! e
A \Z Aglz Ak -0.4 _ _ . ‘ .
2.0TeV (—0.14 , 0.18) (—0.14 , 0.30) (—0.54 , 0.83) -1 0 1

Ak,
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Ly

COF Run Il Preliminary (2.0 fb) y =~ ry

O Two leptons and a high ET photon

O FSR and ISR only ! Z i
¢ New physics can contribute Zl BREL. " L
¢ H-Zy Y :
q L 3 ee +uu Data
— H L x*¥
O 0=4.6%0.2(stat)*0.3(syst)*0.3(lumi)pb - x [ ] 2++ + Background
O NLO =4.5%0.4pb 40 50 60 70 80 90100 200 30¢
M, (GeV/c?)
CDF Run Il Preliminary (2.0 fb™") "'; 2.0l DQ, 3.6 fb!
e + i data é ’ * Data
3 o L JZ+y O Add MET channel " |+~ Sumofbackgrounds
0] 102 T:’:Lk B Zyy + Jet % 1.5F1 — SM signal MC + backgrounds
Mzee+det | . o ... ® N ATGC si . _
t B¢ + Fake ee * Z—-vv+photon X ATGC signal MC + backgrounds
g. 10 ¢  MET+photon final state 10
N
st L2
S 1 O TGC in high Et photons ~ 0.5[ 18
>
m | A _ ,,,,, e . 1
. o L 00100 150 200 250 300
0 80 100 120 140

40 60
Photon Et (GeV) & [GeV]
Michele Gallinaro - "Multi-leptons: from the Tevatron to the LHC" - March 25, 2010 27



Events / 2.5 GeV

Three leptons: WZ

q W q wW
*Final state with three leptons vy,
— WZ=>Ivll (I=e,un)
— A¢(MET,any-jet/[)>0.15 p 7 a 7

107

107

CDF Run Il Preliminary [Ldt=1.91"
ion: Signal

Source Expected + Stat + Syst + Lumi

- Data  [[Z+jets Z+jets 2.45 £ 0.48 £ 0.48 = 0.00

(wz Wzz 77 1.53 = 0.01 + 0.16 = 0.09

Ozy Bt Z~ 1.03 4 0.06 + 0.35 + 0.06
£ 0.17 = 0.01 + 0.03 = 0.01
Wz 16.45 =+ 0.03 + 1.74 + 0.9
Total 2163 <+ 048 £ 2.5 £ 115
Observed 25

o(pp — WZ) = 43"} (stat.) & 0.4 (syst. + lumi.) pb
NLO: 3.7+0.3 pb

0 10 20 30 40 50 60 70 80 90

E, [GeV]
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Four leptons: ZZ

q 7 7
Zly .
* Four lepton final state
q Z q
CDF Run II Preliminary Jra-4s0’
140 e [z

|Z(y)+jets
* Data

§
<
QN_‘1'120; _____ Events in E = 4.8 fb_l
@ L I R O | Signal 4.68 £ 0.02(stat.) £ 0.76(syst.)
Suoof i Z(v)+jets  0.041 £ 0.016(stat.) & 0.029(syst.)
I DO M g [N Total expected  4.72 £ 0.03(stat.) £ 0.76(syst.)
Fwp LR T Observed 5

| S A

AR D B
of o+ T 077 = 1.56T3(stat.) & 0.25(syst.)
. R | NLO: 1.40.1pb

11 11 1 171 [ TR
20 40 60 80 100 120 140
M, leading P Z [GeV/c?]
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Large Long Lived

Missing Massive

Energy '\~ Particles

p- _p
Multi- Multi-

Flavor Jets
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Stop searches

>
Ny g CDF Run Il Preliminary, 116" =505 signai |
—> ) m m = 10° Cut Group c (ee+ep+up) Wlliiakes
. ( v ~) 2 ET, HF(data)
t gby X :l: > t § m(f)=150, m(v)=75 GeV/c’ 1M ggl-Yan
10OsOoN
— data
o DO ee, el ,_, \\'i 2 |

e CDF ee, eu, pu

‘\‘ - b
W §
Events per 2.7 fb~* in the signal region with >1 b-tag 4 “\/ : -

Source ee ep i o

" top | 116+ 18 104i15270+37490:t69 N R T T R T e, . | .
z/y'+HF | 12+02 08+01 04401 24+04 20 40 60 80 100 120 140 160 180 _ 200
z/y'+LF | 0801 05+01 03+01 16=02 Ep, GeV

diboson | 02=01 01+£01 02+£01 05=01

| fakeables | 05£02 0501 19406 28:+09 Scalar top in the DiIepton Channel:t — 17 b

Total |143 =20 12316 207 =38 564 £ 7.2 —130¢
stop | 20£04 21+05 54+11 05=19 N : o " CDF Prelimina
Data | 15 12 30 57 S 120 Z; Br (- )=100% Y
' & 110k / Run I, 1 fo”
> (f) Inst. Bkg. > () Inst. Bkg. = :
S102F I ) Diboson -
gﬂ)2 DO, L=11fb" Dnboson 2102:_ DG, L=17b" Zly —ee s 100:
~ -Z/{ >TT N -
< ~ -Z/y —TT 90 F
a | (ep channel) g h = :
& - Data o (66 channel) . Data 80F Q-
a ! ‘ - & 10 : .
@ 10l Signal A w 10k — Signal A 70F :
Fa S Signal B . ~ =~ Signal B E S| CDF Expected
\ 3 —— CDF Observed |
NN ! 50 &7 oL;?al “ D@Runll 1t
1 | F
| RN 40 Al AT T E Tl G
""" ' 60 80 100 120 140 160 180 200

_ . l
100 150 200 250 300 350200 10'56" 100 150 200 250 300 350 ;
S; (GeV) Sy (GeV) M; [GeV/c®]
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2 leptons: RPV

D@, 3.1 fl.s’ preliminary

eCDF@1 fbL: e, UT,eT > 10;—
e DP @41l eu S
= @ |
~ e (p3) g |
d(py) > v < i
- . :

d(pZ) s (p4) 107 50 100 200

.. N .. _ . Meu}zoeV)
WAL=1 S %)\"JkLiLjek -+ %\’ZJkLindk -+ ,LL’ZLZ'HU,

~10°

T Channel

o

CDF Aun Il Proliminary,(1 10}
( v.1500 GaVic') signal

COF Run Il Preliminary (110 )
©.(500 GeVic') signal

COF Run Il Preiminary (180 )
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RPV (cont.)

" DO, 4.1 16 prelimi
o006l preliminary

0.005}
0.004}
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95% CL A,

0.002

0.001}
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DO:

e All RPV couplings are null but

)\;9,11 and Ago1 = A319
for My < 100GeV

0
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3 45
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T 4 Bl Expected Limit t1c
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X 25

©
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3/4 leptons: RPV

al
<l vl
 Several models predict final states with G <&k~ R < El
. . ~ /Y ~_ 1]
3/4+ leptons in the final state: Asz Az
—RPV SUSY, nMSSM, doubly-charged Higgs " s .
Ty - ‘el Yy -
« Two or more leptons: p:>20, 8, (5) GeV il S Loy,
v el X B
% 10} T .
® Data (348
&) A, susy P
: T [ | DY =y
[ Mis-ID Jets
'8 1b e B Diboson bkg data
§ Background Uncertainty Three-Lepton Signal Samples
w A121 scenario 3.1+£0.8 )
A122 scenario 1.9+1.0 1

Four-or-More-Lepton Signal Sample

A121, A122 scenarios

0.008 +0.004 0

0 20 40 60 80 100

E; (GeV)
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Trileptons: chargino/neutralino

: Ay s . \ A 7
s oesd . CDF: PRL 101, 251801 (2008)
i " w B / e 3 leptons (e, u) + K
D@: arXiv 0901.0646 e 2 leptons (e, u) + trk(e,u,7) + Kt
o ce, uu, ep, T + trk(e,u,7) + K CDF 2fb—1, dilepton+trk:
3" Do2ats’ | - Datm . BT - 0w
O E ey . WmZy*Y E )| [ | Drell-Yan
2 4o o0l selection  miljet " e
% F it S i
E ! ' g 1 — Signal+SM
= 1 E g | ﬂ
f CJSUSY 1 & 100 p
- TISUSY 2 | T B
i ] 102 £
10_2é: | 0 - ,2%’ 40 6(;7 (G:\(:) 100 ‘*1—20 140
50 100 150 200 250 7 vs 6.441.1 (all channels)
Mee (GeV) fake £ 1.4, DY 3.0, dibosons 1.6, t£ 0.5
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Trileptons (cont.)

 chargino-neutralino production

* three isolated leptons (low-pT):
— uutl (I=e,u)

 low background/data-driven

Total SM expecied SUSY expected Observed

3+1 0.06 = 0.01 =
14+ 4 0.08 = 0.02 16
control regions 0.3 *0.1 0.10 = 0.03 0
5+2 0.06 = 0.02 8
) . 0.03 = 0.01 0.04 = 0.02 0
signal region — 0.4+ 0.1 1.7+ 04 1
B PRD 79, 052004 (2009)
T 2
e
E = 3 t
e
B - )
. - ““71700- o
e e 200
see P. Ribeiro’s 3 ™ @

presentation
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Search for [+photon+X

Motivation S ———
e Run I eeyyEr (107° expected, 1 observed) sof + COF Run Il @3 i (b)
o {yFr: 7.6+0.7 expected, 16 observed, 2.7¢ 8t ° U Datalow), 925004 8% + ]

o LjeY O30k 4+ 1, E

Analysis 2 || Waconemenze] |l 1
e Signature-Based search 520 15%7 # ]
e o priori defined cuts (same as in Run I) @i {ag) T . ]
e MadGraph, CompHep and Baur MC 050 40 60 80 100120 140160180 . TR Ty

R 1 t Photon E; (GeV) Lepton ET (GeV)
esults safr ey 2 —
By evBr | wvBEr | (e+p)vEr % i (@
Predicted  94.8 £ 8.1 A 55.7T+7.1 150.6+13.0 ol | o:

Observed 96 67 163 =12 H ‘ =1

0 nl
P e ey % 4L €
CDF Run i @] °© (b) - + - o

>0 * E, Datafe+y), 929 pb'] >5 } E w4 £ 1 w E
60 QWY 3 8 5 3 ) ; E 3

S50 fzy jet o 50 100 150 200 250 300 50 100 150 200 250 300 350 400

o e fake y I 3 M(l,1) (GeV) M 1,7) (GeV)

£ B wj, w, QCD, Zyy, Wyy € — ‘

gx 1 o2 n‘L i 172% eery LY Elry

w Woop gLy : Total | 39.0+48 26.1+3.1 651+7.7

20740 80 80 100720140160 780 0 o @ 200 Observed 53 21 74
i A ok °'°°“*‘e"’ , 0 epy vs. 1.040.3, 0 Lyy vs. 0.62+0.15
3 (e) 7 E

%50. . 14F‘ CDF Run II (a) 4 CDF Run II (b)

O 4ok 212 | e Data(u), 929pb" | B2 |+ Datafe), 929 pb*

2.4 §‘°‘ L Dz ; §15- 32y ;

£ 85 [ Wz acp, zpy io Nzj,acp, e fake v, Zyy

g20f 51 {s'

@y of S ] Y . gaE i {54 L | j

B e 2 Tt ; 4 ] ? |
00 20 40 60 80 100 120 140 160 50 100 150 200 250 300 350 T —h ------- + ‘LT """" -,Xi“ I R
E, (GeV) M, (1,E,,7) (GeV) 5 10 15 20 25 30 35 © 5 10 15 20 25 30 35

E; (GeV) E, (GeV)
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Cross section: TeV

Fermilalt:H%SC
CERN
1l vl

First collisions at 0.9 and 2.36 TeV in 2009 m Gtot—___.w 10°

UA4/5

LHC collisions at 7 TeV in 2010 (14 TeV design) i
1 mb-

Top cross section goes up faster than background
processes at higher sqrt{s} T EM0.03Ys —

 From TeV to LHC, Top cross section goes up by é F 0,18
factor of ~20: S 1ub[- - &
— Cacciari,Frixione, Mangano, Nason, Ridolfi - _§ ~ kil %
arXiv:0804.2800 g T owestn OF ) q;

_ Top o(2TeV)=8 pb B 1nol T 3

— Top o(7TeV)=200 pb L - F %

. i

Background is more “flat” u

O Higgs
m, = 500 GeV

| | .
0.001 0.01 0.1 1.0 10 100

Vs TeV
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A word about QCD background

* QCD may still be large background
in Top events
e From Tevatron to LHC
— ofttbar) increases by 100
— o(W) increases by 10

Slide by Michelangelo Mangano

oxB(W—ev)[pb]|N jet=1|N jet=2|N jet=3|N jet=4|N jet=5|N jet=6

3400 1130 340 100 28 7

230 37 5.7 0.75 0.08 | 0.009
Er(jets) > 20 GeV , |n|<2.5,AR>0.7

...however...

® Ratios almost constant
over a large range of
multiplicities

» o(W+4 jets) increases 100 times
=W+jet background is large

. * O(ay) a.tTevatron. but
o)/o(l) o(3)oQ) o(4)io(3) o(5)o(4) o(6)/a(5) IR S 2

H LHC B Tev 29
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Summary

Leptons are experimentally accessible at colliders
— Good background rejection vs jets
— Many multi-lepton final states in (B)SM

Multi-lepton final states may signal New Physics
Measurement and searches at Tevatron

— No evidence for anomalies
— At the limit of current experimental reach

New LHC energy frontier soon available
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A few thoughts

e The devil Is In the detall...
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Multl-muons

e Motivation
— Large inclusive b-quark cross section measured
in Run |
— Problems with low-mass dimuon spectrum
— Wrong value of time averaged mixing parameter /"<t
X il
M
« Recent results: oo o
— New and very precise measurement of o, i
agrees with prediction, PRD 77, 072004 (2008) | wocseusson
— Study of multi-muon events responsible for 0

previous discrepancies, arXiv:0810.5357[hep-ex|

1 2
R, = o(Data)/5(NLO)
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Low-mass dileptons

PRD 72, 072002 (2005)

- (a)

Event topology ~150 - Dil

away-Jet Iep-Jet ol T m
£ :
B enriched sample: | o R
. . . v (;‘ 1 2 3 + | 5 6
the low mass di-lepton invariant mass M (GeVic))
is not well modeled by sequential e
. . . Dil
semi-leptonic decays of single b quarks , ,, ¢ du .
E',}J.— e+ ,“‘f ‘é . ) i
Z Z ,§ 200
Vv AY o .
b .0°. > C .'°. >S B 100 ‘00.
') e anentmateete®”
0.8 0.85 09 095 |
Simulation: HERWIG+EVTGEN cosf
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“Ghost” muons

« Study is about di-muon events
« Requires both muons originate inside

beam-pipe
10° E::::iep:____----—‘"'"- : SVX’ (Run I)
10° & . .
» Size of ghost sample is about the
£ 7R same as bb sample
g 1o ‘\_ * No dependence on run#/lumi
(=3 bt . .
% L ‘,{:ﬁx,% ghost * Possible explanations:
3 I T — Tracking reconstruction failure
10 1;11{1_1‘ 1 M'IFN ST T : :
: T O e o — Semi-leptonic decays of b-hadrons
1 SM H' H ' Huﬁmm with large boost
LRI BN E B l.SH il — etc.
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Muon impact parameter

* Impact parameter of both muons 10° b“
 Histogram is sum of templates fit to -
data (bottom, charm, prompt) 10k
 Excellent agreement over 4 ordersof o | "L
magnitude S L
o 107 -
> f =
c C e
S T T
2 10? ‘T].:.LLL._
- gt
EE
- 1 'Ly..
10f 't
: 1 1 A | J A J L 1 1 1 1 § — l A L i | 1
0 0.05 0.1 0.15 0.2
d (cm)
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