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Standard Model Physics at the LHC

Outline of part2
» Tests of the Standard Model (QCD) using
jets
top quarks
W/Z - bosons

* high precision measurements of the
W boson mass and top quark mass
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tests of the Standard Model (QCD) :
jets in pp collisions
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Why do we want to study Jets ?

QCD Jets at LHC: Motivation : why jets ?

* hard QCD subprocess :
hard (=perturbative=calculable) QCD
gives us partons

» Jet = collimated bundle of particles

» jets are formed in fragmentation
colorless
# partons

However:

» Jets = footprints of partons
sensitive to hard subprocess

Reminder: pp collisions oarton dynamics

hard and soft QCD
e study QCD - look at jets

Marcello Barisonzi marcello.barisonzi@desy.de LHC experiments August 25-26 2008 4
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Why do we want to study Jets ?

QCD Jets at LHC: Motivation : why hard QCD ?

 cross section of hard subprocess
and jet cross section calculable

« compare data and theory =
test of Standard Model, test of QCD

- find problems in theory ?

- Hints of new physics ?
e.g. quarks substructure ?
known: not down to 10 m

- Need to understand QCD jets
in out detector, in order to find new
physics

“yesterdays signal = tomorrows bgr”
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Historic Jet Events

What do jets look like?

w130 6ol TEYIIS Di-Jet event JADE at PETRA

e+e- collisions at Vs = 30 GeV

F
A i
hadrons [
/ o/
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hadrons L4
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i iy
rrf. a'llr.x'f
w7
N JADE at PETRA
€85, 8 (DESY)
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Historic Jet Events

What do jets look like?

6.0 1.7 4.9 N.)

29

TASSO

Ecm=35GeV Famous three jet event
from PETRA

first hint of gluons

Hadronen
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Jet Events at pp colliders

What do jets look like? . i
Dijet event in CDF

Jet,
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Jet Events in the CDF track detector

/
N /
.
s
+
S
/\ .‘)’ -

2 jet event

Multijets not so
clearly seen by
unaided eye

helps: calo info!

3 jet event
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Jet algorithml: Cone algorithm

Sum over all calorimeter activities within a certain cone ofl
radius R around a high energetic cluster

cut criteria for jet-cone:

R =(A$)* +(AN)* < y(cur)

y(cut) typically 0.5 ... 1.0
jet definition depends ony

overlapping jets

Merge or split ?

overlap’ tot

>f merge
<f split

additional parameter f /
Marcello Barisonzi marcello.barisonzi@desy.de LHC experiments August 25-26 2008 11
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Jet algorithml: # of jets vs y-cut

—

@
=
T ALEPH data
=
o * J—lefs
® Z—jois
I 4 d—jets
0LE ¥ S jets
I ——  JETSET 7.4
——————— ARIADNE 4.08
0.4 o e HERWIG 5.8
0.2 |

107~ ik 10"

¥Yout

Jet not well defined physical object
but depend on definition
e.g. “cone algorithm with a given y-cut”
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Jet algorithm2: k_ algorithm

(a) (b)
Make a list of all particles e a
. Pl - p —
(e.g. calorimeter clusters) T TR
o — 2
Calculate for each particle: di = Pr;
Calculate for each pair particle: (¢) & (d) ok
— 2 2 2 7 7
d;, =min(p;;, py ;) LR, NN
where R ) '
R, =(An’, +A@ )
(E) _f‘,.-r {f} f’,.r
~ ~

is J < ? e e j_i_
i,] i \

Yes: add clusters i and j to the same jet
No: put clusterion the list of new jets

repeat until the list is finished
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Cone vs k_ algorithm

| K get Cone jet
unambiguous mapping T
particles -- jets ! (speed )

soft particles at edges neglected simple shape of jets

g complicated boundary
( speed ~ N° meanwhile: implementation
with ~ N InN avaiblable, ok!)

Marcello Barisonzi marcello.barisonzi@desy.de LHC experiments August 25-26 2008 14
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Jet Energy Scale (JES)

correct from measured energy to
energy of the jet of hadrons

take into account:
hadrons  offset due to underlying event, pile- up, ...
subtract E, that does not belong to this jet : E

‘?_ . leakage infout cone of jet  R___

« calorimeter response to Jet Rjet
different for electrons / photons and hadrons

Emeas — EO
Rjet Rooc

Ejet —

JES = main experimental uncertainty
typical uncertainty of JES : few %

ello.barisonzi@desy.de LHC experiments August 25-26 2008 15
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QCD jet production : example from Tevatron

Inclusive Jet spectrum as a function of Jet-P;

Inclusive Jet Cross Section

=Y

=10
o -1 :
> =02 Runll Data, L, =34 po data from the D@ experiment
Y10’ S (Run 1)
%_ —NLO CTEQ6M, R, =13, 1y =itz ==
~10 compared to QCD prediction
Q.
-510
o Cone Algorithm very good agreement over
'a .
< R, =0.7 many orders of magnitude !
10"
In|<0.5
10"
D@ Run Il preliminary }
IIII|||||||||IIII|I|||||||I|IIII|||||||II|IIII|

100 150 200 250 300 350 400 450 500 550
Jet Transverse Momentum [GeV / c]
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QCD jet production : example from Tevatron

Jets = footprints of partons ?
contributions of the various

hard subprocesses to the inclusive
jet cross section at different p_*'

similar analysis by CDF
data corresponding to ~1 fb!
double differentially in Prand n

CDF Run II Preliminary

10
=10 ¢ K. D=0.7 Quark/Gluon Contributions to Cross Sction
__(_.2 = T Dat 12
L ata
2> 107 L L =0.98 b | inti i
o 100 — 3 =0. Systematic uncertainties N .
(L] — 'y — = NLO: JETRAD CTEQ6.1M i Leadlng Order QCD (MRSO’)
S —
—_— a4l ™ a corrected to hadron level 1 =
n 10 — M‘-"—«lﬂqﬂ !_|R=!_l’__=maxp‘_ll_ETj2=!_|0 = T]1 nZ 0
= - -LH.HQ s RUREEEEE PDF uncertainties i GG Gluon-Gluon Scattering
- — e e - QQ Quark-Quark scattering
'-'_j d: 10 = Ly Fe L 08 QG Quark-Gluon scattering
— Mm o = :-: e L
T 2 o " - =R JET E "
= 102 o g Iy’ "1<0.1 (x 10°) i o
I.Iﬁ.l — !1!4_“ Pﬁ%ﬂ} e 06 GG QQ
>\ — MMM Hjniq-—\c I:E:qh I
T10° L . e e 0.1<|y”"<0.7 (x 109 -
- — o gl N
b :_ '1-&{« P == 04
o 10° \““m\ e 0.7<ly""|<1.1 :
—_— HE.-Q-'\ \I‘\IBZI r
L p JET 3 r
10_11 il Pﬁ% 14<ly” |<1.6 (» 107) oz L
= '\—\E—' :
1 0_14 = 1.6<)y”™ "|<2.1 (x 109 L
Covoa dovaaa b b b b b Loy O T T a0 10 10 200 250 300 350 ao0 a0 =00
0 100 200 300 400 500 600 700 GeV

Transverse Energy of the Jet

p; [GeVic]
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Angular correlation in di-jet events

Study angular correlations between jets
» reduced sensitivity to JES
 sensitive to higher orders of QCD
- 2 partons - 2 jets : back- to-back A ©° “leading order QCD”
- additional hard partons = “higher orders of QCD”
not back-to-back any more! smaller A) between 2 hardest partons/jets

4 '||:|5|_ |r ‘E" N
- DO N DO
J * pf= > 180 Gev (x2000) ; = g -
Aq) =~ 107 o 130 < p™ < 180 GeV (x400) Q9
ii B 100 « Fl-rm-c 130 GeV [=20) & BT = 180 Gal
0L O 75 <p <100 Gev = bl :

o B L i, jiy depandenos
o 2 2 — POF uncsrlainty

| 130 < pr < 180 Galf
Ao PR -

4 )

..'r o E
. 2 .‘}
1 :__:w
i | 1uu-iur"‘<lsnllﬁa1u'

MLOJET++ (CTECS M) o2

— NLO .
e LO 2 b

¢ NLOJETe+ (GTEQS 1M) —T- =
|.|r=_|L,|=EII5pr'T'“"‘ ?Etn.r"‘ﬂlﬂﬂl?ﬂ‘i'

ni2 a4 n e 3l f
A gy (rad) Ay (rad]

Good agreement with QCD-predictions
if higher orders are included!
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W and Z bosons
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W and Z bosons

Production in Drell-Yan process

comparison of data with theory
test of model
test of pdf!
pdf uncertainties!

QCD production

e e
{{Lw\p {{me QCD production
W(Z) + jets
.
| eogee q

0000249 V' W/Z = “clean” probe of hard subprocess

_9 | _ 94 |eogee
\ g \ g test of QCD
Marcello Barisonzi marcello.barisonzi@desy.de LHC experiments August 25-26 2008 20
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Discovery of W and Z bosons

predicted by electroweak theory
as result of Higgs mechanism
needed to explain weakness of interaction

ENERGY
7] SCALE
10 GEV 1

discovery in proton-antiproton collisisions
at SppS at CERN by UA1 and UA2

W and Z event in UA2 experiment

- ]
10 GeV |
ed T .

el

s Nobel Prize 1984
Rubbia, van der Meer
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W/Z cross sectoin - comparison with theory

CDF and D@ at Tevatron measure L0 s 59 A I Presneny
. . . 3.9+
iInclusive cross section for L W <
W —lvand Z — Il =
compared to theory b T
CDF and D@ Run 2 Preliminary il +
E 1.5 e :E;:y‘:‘ & D3y
_ N OCDF{e) o CDF{u)
[ PP WX —1v+X 17 e e e e 2

Center of Mass Energy (TeV)

103 CDF and D@ Runll Preliminary
a - 350
o [ ’ g
i 5 300 PP > Z4X 14X :
@ : ¥
- — E L
y pp—Z+X - 1 +X < a0
N %
2 & 200,
b; 10 L | #D(e} = @ DO{u)
[ DGi(e) Run2 L Dﬂ(u) Run2 N Y Runil DO} @ CDF{y)
» 150 ACDFle} W CDF(7)
B A CDF(E) Run2 = CDF(},I.) Run2 _ Runl  TD0)  ©DOf)
i * D@(e) o DB(p) T i i i i e S U S
17 175 18 18 19 195 2 205
A CDF(e) O CDF(p) Center of Mass Energy (TeV)
o UA1 ¢ UA2

1
Center of Mass Energy (TeV)
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W/Z +jets = test of QCD

=
[ )
T

'ng<e {% mvg\p<e Z + jets pT distribution

>10E -y
eooees VY ° F D@ Run Il Preliminary
a 9 |oopeo w [ "-.l 2y (— e*e) + 2 njets, 343 pb'1
AN ’ AN 9 g0 & Jets: p. > 20 GeV, | < 2.5
9 E v s + Data (errors: stat)
woE e *-.,‘ ....... ALPGEN+PYTHIA MC
S
: . TN R, (CTEQSL)
Z+jets: jet multiplicity - 1% Ny
data w/stat error E ' . s,
g [ ___ DORunl Prefiminary | &, Sons =R Ty
o [ Sherpa range stat & sys 1 . '.__. 7+1 .et
E 103 1:— ¥ ."1.‘ '*, J
- E Z +2 jets
O 102 C , 1
Z 10 _1‘Z+3jts | | | | |
1 %% 50 100 150 200 250 _ 300
s : Jet p, (GeV
Jet Multiplicity
E ar . .
5o comparison with models
77 MC generator SHERPA
~ 1 — * } | | W
© C T + 1 ]
E -
o ] +
i 1 1 1 1 " 1 " 1 1 II " 1
02 9 1 2 3 4 5 6
Jet Multiplicity
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Top quark physics
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Top Quark Physics

the top quark is the HEAVIEST fermion in the standard model!
... and the least well known

» discovered only 1995 at Tevatron: CDF and DO
' ‘ . Tevatron data from Runl: consistent with SM .. so far
statistics limited
‘ e new Tevatron data (and LHC!) :
‘ ‘ better precision

deviations from standard model ?

 Top and new physics:
high mass - probe el. weak symmetry breaking
and fermion mass generation
other massive particles?

» Top at LHC: o(tt) SOQPb
80 miott pairs per year (design Lumi )
* Background to searches for new physics

lepton masses quark masses [MeV]
electron 0.511 electron neutrino 0 up 5 down 8
muon 107 muon neutrino 0 charm 1500 strange 160
tau 1777 tau neutrino 0 topl75 000 beauty 4200
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Top Production in pp collisions

Top pair production Single top production
Drell-Yan process and Wg fusion

>~UELWB/< ) ’

q i W™
L1 t 9 t g i q B
¢ {
+ +
q q
g P9 P9 7 W - W ;
b b
cross sections: at Tevatron ~ 5pb ' d
at LHC ~ 800 pb cross
relative contrlbutlon9(§|o/qo-glgof)/0 eV sections: Tevatron LHC
5% 95 % atLHC o (qq) (pb) ~1 10
c (gW) (pb) ~2 250
c (gb) (pb) ~0.1 60
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Top Quark Decays

» top quark decays before it hadronises — no top mesons or baryons!

« decays to ~100 % into W bosons and beauty ¢ — Wb

» dilepton channel b
both W decay into leptons t
W — v I=e or u, 5% |
 lepton + jets Vv
b
‘%"
 sighatures: leptons, missing ET, b-jets CI’

one W decays into Iepton/ the other hadronic
W —lv W — qq 1=eoryp, 30 %
Marcello Barisonzi marcello.barisonzi@desy.de LHC experiments August 25-26 2008 27
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Discovery of top Quark at Tevatron

l,q

v,q’

= Eventis before tagging
¥ SVX tags

b5 Expected bkgd + top
------ Expected beckground

10 F

Number of lets

Marcello Barisonzi marcello.barisonzi@desy.de LHC experiments August 25-26 2008

tt Event
SV X Display
Jet 2 Jet 3
y
Jet 1
A
/
/ IJ =45 mm
/// [2 =2.2mm
{" Jet 4
A%
M, =170 = 10 GeV/e? miq#izglje;:::ml:ﬁm«;

top

b-quark lives for ~10** s
vertex displace by few mm

Njet distribution w and w/o
shifted vertex
compared to bgr+top
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Discovery of top Quark at Tevatron

combining 3 techniques:

L

S I I B
- 160 170 180 1vg
4 B Top Mass (GeV/ie™)

Aln(likeclihood)
— = — ra
T

for lepton+jet events:
 shifted vertex of b-decay
« additional leptons from b decay
also
» dilepton events

Events/(10 GeV/eD)
[F5)

Channel: SVX SLT Dilepton AL
observed 27 tags 23 tags 6 events i H """ e
expected background 6.7+21 15.4+£20 13+£03 S O I I I I P S
background probability 2x 107" 6Gx107* 3 ‘.U_a O eonsimcied Viass (éz:r;?;[) o
The numbers of tags or events observed in the three channels along with the expected reconstructed mass

background and the probability that the background would fluctupte to the observed

number or more.

of leptons + 4jets

5 of the 6 dilepton with b tag
events have a b-tag

bined b bability 10 unlikely for non-t bgr!  Miop = 176 =8 & 10G6V/02
combined bgr-probability 10

corresponding to a 4.8 ¢ discovery
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DO top candidate with 2 leptons

p.(e) = 20.3 GeV/c?
p-(n) = 58.1 GeV/c?
E/= 141.0, 55.2
GeV

.
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tt cross section measurements at Tevatron

Lepton + jet channel

signature:

1 isolated high-pT lepton
large missing Et

at least 3 jets

e . -1
. B-jet CDF Preliminary (195 pbt) CDF (195 pb™)
- ' ' ST N——
S0 N 23 | .
\ fw 0.9F 1
60} 0.8+ 1 1
. " _
Hp = E : pr _I_EI%ZLZSS % “ 0.7; 3
o .
jets,leptons o
B W+jets
201 I other EW A
¢, WHQCD _
/0 100 200 300 400 500 600

HT (GeV)

background from W+jet
events can be removed
by requiring b-tags
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tt cross section measurements at Tevatron

Lepton + jet channel with b-tag

. signature:
B-jet 1 isolated high-pT lepton  poth CDF and DO:
large missing Et b-tag using
at least 1 b-tagged jet silicon detectors
je B-iet *%1200— E':_’ata
J @ -Eﬁlﬁ%cn Number of Events with
S 1000 [ 1Diboson -
5 I Single Top W+n jetS:
£ w0l = data compared with
> - Whbb . : : : .
ook 1 Mictag different MC distribution:

signal top MCand bgr MCs

8

g

0

W+1 jet W+2 jet W+3 jet ‘L:.'::_;i 4ljeitty
/ Ultiplic \
W+1jet, W+2 jet :/ \

W43 and more jets:

control region : : -
. signal region, top enriched
sum of bgr describes data very clean sample!
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tt cross section measurements at Tevatron

T T T | T T T | T T T | T T T I T T T | T T T | T T T
[ cacciari et al. JHEP 0404:068 {2004) Assume m=175 GeV/c’
Kidonakis,Vogt PRD 68 114014 (2003)  CDF Preliminary

'Dilcptun

8.3:1.5+1.0+0.5

(L= 750 pb )

'I'_Eptnn+.Je.trs: Kinematic 6.0+0.6+0.9+0.3 )

(L=760pb") %% Good agreement of different

“LaptorJets: ,,,E,tf_.ﬂw/%' .a_zl in.sm.z—un.s measurements and with QCD prediction
/

(L= 695 pb ) (similar results for DQ)

\\\ﬁ

Lepton+Jets: Soft Muon + +1 .3+
optorJote ‘{% 5.3+3.3 +13+0.3

'MET-I-Jets:rUer'tnx Tag /
(L=311pb’ ) %

Combined 7 7.3:0.5:0.6+0.4

-1
{f = 7&0 ph
. 60 pby ) (stat) + (syst) + {lumi)
[ I

0 2 4 6 8 10 12 14
o(pp —> tt) (pb)
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Precision measurements
of the W boson and top quark mass

Marcello Barisonzi marcello.barisonzi@desy.de LHC experiments August 25-26 2008 34
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Precision measurement of W and top mass

fundamental parameters of the standard model

mw relation between m, m and m_
T 1

Mtop mw = em
\/§GF SiﬂHW \V/ 1 — AT’

Ar m?andlogmp 3%

Fermi constant, o and weak mixing angle known precisely
(from muon decay, e+e-or atomic trans., LEP)

precise measurement of
mw and Mtop : constraints on Higgs mass
Mw , Mtop and hopefully also Higgs : ultimate test of SM !!
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ALEPH [prel.] —=t
s DELPHI [prel.] —'—

L3 [prel.] —I-—

OPAL [final] -

LEP Preliminary =

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

CDF [Run-1] ——

DZ [Run-1] —-—

Tevatron [Run-1] +

80.379+0.058
80.404+0.074
80.376+0.077
80.449+0.063

80,392+0.039
vYdof = 29.2/35

80.433+0.079
80.483+0.084

80.452+0.059

x“/dof= 0.2/1

Overal| average -- | 80.410:0.032

80.0 81.0
M,,[GeV]

Mass of the Top Quark (*Preliminary)
Measurement wa [GeV/cQ]
CDF-1 di-I | 167.4+11.4
D di ol 168.4 +12.8
CDF-ll di-* —e— 164.5+ 5.5
DIl di-I* an 176.6 £ 11.8
CDF-l I+4] +Hlo— 176.1 + 7.3
DDl I+ e 180.1 + 5.3
CDF-Il 1+j* -hl- 1734+ 2.8
DIl 14j* — 170.6 + 4.6
CDF-1 all+ —0— 186.0+ 11.5

x*/dof = 8.1/8
Tevatron Run-I/11* -é- 1725+ 2.3

150 170
M

top

®
DESY

‘o Marcello Barisonzi marcello.barisonzi@desy.de LHC experiments August 25-26 2008

[GeV/c?]

190

Todays precision

MW (from LEP and Tevatron) = 80.410 =+ 0.032

m, (from Tevatron) = 172.5 2.3 GeV
precision: M :4-10-4 and m_:1.4%

Constraining the Higgs mass...

1 —LEP1 and SLD
80.5- - LEP2 and Tevatron (prel.)

68% CL

80.3

150 175
m, [GeV]
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How can W mass be measured?

Decay W — ve andW — vu Transverse mass for ev and

CDF Il preliminary _[L dt = 200 pb”

missing Et and lepton ID

Fit of MC
templates
for different Mw

1500 —

Use pr(e) and pr(had)

Py = —(pr(e) + pr(had))
M = \/2 Pl g (1 cos Ag(L, )

events / 0.5 GeV

ol M= (604932 48, MeV
- yldof = 86 / 48

100
m_(ev) (GeV)

Energy scale calibration using Z peak COF W preiminary Juazmpw

CDF Il preliminary j L gt~ 200 pb”

200—

10.5 GeV
events / 0.5 GeV

1000

events

100—

500 M,, = (80349 + 54

stat

) MeV
y2ldof = 59 / 48

P S S R S S S
0!0 80 90 100 110
m,, (GeV) %0 e

70 80 — 90 — 100
mq(uv) (GeV) -
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Expected precision from future data

o Int. Luminosity 0.08 fb! 2 fb! 10 fb!

Sources of uncertainties and
their expected contribution: Stat. error 96 MeV [FIOIMeV| 2 MeV
Energy scale, lepton res. 57 MeV 20 MeV 16 MeV
Monte Carlo model 30 MeV | 20 MeV | 17 MeV

(P;W, structure functions,
photon-radiation....)

Background 11 MeV 2 MeV 1 MeV
Tot. Syst. error 66 MeV | 28 MeV | 24 MeV
Total error 116 MeV | 34 MeV | 25 MeV

» expected :

total error (per lepton flavor, experiment) at LHC +25MeV

total error at Tevatron =+ 34 MeV

main uncertainty: lepton energy scale
systematic uncertainties — estimated by using/ — ][] sample

« combining ATLAS and CMS, 10 fb-1 each, e and u and
assuming a lepton energy scale uncertainty of £ 0.02% will be reached

precision could be Am  ~ £ 15 MeV

« Tevatron 2 fb Am_~ 30 MeV
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How can top mass be measured?

D Run Il Preliminary Lepton+Jets (=1 b-tag)

: —— tT+Background
= ==emes Backgruund
[ ——Data

£ 2|
.
8 20| }
=
- L=230 pb" - ;
.
)
.

Events/(10 GeV)
SI S

a
o
I

up N IS o ©
II|II

J€ B-jet

Lol ialay . H i i
0100 120 140 160 180 200 220 240 230 280
Fit Mass (GeV)

« kKinematic fit under tt-hypothesis (each event)
e likelihood for observed events as function of top mass
* -log(likelihood) has minimum at most likely top mass

Measurements from DO and CDF:
M, = 173.4 £3.5 (stat+JES) =+ 1.3 (syst) GeV/c? (CDF)

m,, = 170.6 £4.4 (stat+JES) £ 1.4 (syst) GeV/c2 (DQ)

statistical and JES uncertainty dominant error
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Expected precision from future data

Mass of the Top Quark (*Preliminary)

2 H .
Measurement Mg, [GeV/c] expected constraints on MH.
CDF-1 di-l ot 167.4+11.4
i LT T 171 | T T 171 | T T T 1 | T T T 1 I T T 1T 1 | T T T 1]
D@l dil ® : 168.4+12.8 80.70 | experimental errors 68% CL: ]
CDF-Il di* —@— : 1645+ 55 - LEP2/Tevation (today) g
D@-Il  di-* o 176.6+11.8 L Tevatron/LHC
CDF-l 4] +ilo— 176.1+ 7.3 8060 \LC/Gigaz
DBl I4] ' —o— 180.1 + 5.3 I
CDF-Il I+j* -or 1734+ 2.8 =~ :
DI 1+f* —p- 1706+ 4.6 & 800
CDF-I all 1 @ 186.0+115 = i
' =
5 x2/dof = 8.1/8 80.40
Tevatron Run-I/11* -é- 1725+ 2.3 :
; : - . 80.30 —
150 170 190 SM EEEEE
M,, [GeV/c’] MSSM [T
80.20 both models BiEEEH |
B Hamameaysr, Weiglain 08 T
C 1 1 11 | | I I | | 11 1 1 | L1 1 1 L1 1 1 111 17

160 165 170 175 180 185 180
m, [GeV]

current value 172.5 £ 2.4 GeV
Precision expected from full Tevatron data set: =+ 1.5 GeV
expected precision with 10 fb-1 LHC data : +~ 1 GeV
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Summary

 Hadron colliders can provide future tests of the standard model

predictions of Quantum chronodymaics can be tested with
jets, W/Z boson production, top quark production

 also precise measurements of standard model parameters
W mass ~ 15 MeV
top quark mass ~ 1 GeV

providing indirect constraints on the Higgs mass (of ~25%)
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tt cross section measurements at Tevatron

dilepton channel

signature:

2 isolated high-pT leptons from W decays
large missing Et

at least 2 jets

B-jet
L=230 pb* _
2205 w " CDF Run Il preliminary (750 pb”)
2185_ = D& gata 180 —a— Dala ]
= T (0 = [ WY Bkgd + o uncertainty
Wk Wl ios7pb) 160 [ =53mm)
O, _r - Fake leptons 140 | [ wwivez
= 14 oy
Q12 L] _MZ o 1200 O f=ke
E L [z~ = P
3J10 o 100
F S
3 W g
60
40
20
9 L = HT>200 + OS
. - 0 jet 1jet >2 et B
Jet multiplicity Jet Multiplicity after Z veto, MET > 25 GeV and L-cut
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