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Why SCUCIANZ +-Jets productlon’P

HEPEEXTAEISEHE e

IESHEIRP@EDNRIMUItIEr eEnViroRmEnt:
= Presence ofi W/Z ensure high: Q% pQEh

RGeS ENVIreNMENENERLONICHINAISiatER s
EDIOVIGES Clean signature; Iow BG

"— LIghIStatisticsiallows precision tests

Diboson
B Multijet

Events / 0.05

"1 = Keyisamplertovalidateravailable MC ] 4
: LOOISIUSING experimental data 0010203 040506070808 1

-g~W/Z+HF productlon sensitive to' HE PDES RF Output
S StUdiesiofiloprproduction & properties s
= — — SMHiggs search : WH & ZH channels
= — BSMisearches (SUSY in MET+jets)

CDF Run Il Preliminary (5.7 fb™)

c(Z° —I*lI) ~ 250 pb

oc(W=—lv) ~ 2700 pb

=Millions of W's; 0”01 02 03 a4 a5 ge 07 o8 08
100’s k Z's per fbl
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nesheveatron Collider at Fermilalb

SRORICOIISIoNs @5 = 1.96 76V, S
S 86ibunches, 396 ns calk 10¢
eallant ariorElnes

=S Peakilumits 3.5 E32 cmizsit
ENidE /week ~ 50 pbit

6th EXPLSIPERORMInG Wells
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Weekly Integrated Luminosity (pb)
(=]
Runintegrated Lumlnoslty (pb* )

\ Expect ~2.5 fb-1 delivered in FY11
Tﬁéﬁks tO ’Ghe Accelerator DIVIS@%\. Results presented based onl 1 — 61t
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CLREE DY Runtli Detecths

SV EEPFPOSE detectors withibroad
El G ENGENUTICAtION CapabilitieS

SENCOIMONNEALUINES

S=racking in magnetic field with
S| liGenVertexing

= EMiandHadroen calorimeters
—Vuensystems

o
e e
-

S COmpPELtVeradvantages

oA,

—— ; better track momentum
| resolution & displaced track

trigger at Level 1

- : finer calorimeter
segmentation, and forward
muon system

AL
WU

Toroid
1 |

'n? use of; e .
pilities - e B

H ‘| Calorimeter | H HD@
N

Performing well' mak
all detectors capa

f
1
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SIS ARZES 5= decays arereasily
ldenitifigd Wikl ligelSezlecejfatislel

“BG liakeeptons, semi-leptonic
._ecays GAIEHOSON productlon

e Jets are identified using midpoint
cone algorithm:

® Jets are full'corrected for the
Instrumental’ effects back to the
particle levelrjets for comparison
With the theory: predictions.

—
b]
——
=
o
e
)
3
(]

Theory predictions at parton
level : Need corrections for:

non-pQCD effects (hadronization
and UE); derived from simulation
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COmMpPArasonitoNLLO.QED & MC Models
— P - i
SNH@EIDCalCUlations ,‘_Q' -

2 NEO ezlletfzitians mostly a\alilzle for Iower JEL multlpllcmes

71 J-J::, EESHEts)atiN o 110) evalliated WIERIMEEME
W } jets (4 jets) at NLOmow available in MCFM

-'.

-.‘
o~

J Voyrjie Czle) Slmulatlon Jio0ls

J LO) g fnx Blements PSTmodeling

P CPYTHIA V6.420 Data fully” corrected
for instrumental

effects = can be
directly used for

e Perugia (pr ordered showers)

—

= *:rf. Tiune QW. (@2 ordered showers)

~ HERWIGV6.510 +JIMMY v4.31 e e
e @Mmatrixelements matched with PS MC models and any.
- - ALPGEN v2.13+PYTHIA v6.420 future calculations
ALPGEN v2.13+HERWIG v6.510 /models.
Sherpa 1.1.3
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_V + Jets

ZJyASmr)tjets &7.6.0 fb-X  Preliminary

Zy(>ee)+jets CDE/2.5fb* Preliminary,

-—/'./Y‘:"P-—'as p‘ JC 3-” C '-.J'r /470D NIMATOOZ, 698 M”—-«

Z] v (Snw)+jets DO/1.0'fb*"  PLB 682, 370 (2010)

Z[y* ~—>ee)+Jets DO0/1.0ftb'* PLB 678, 45(2009)

4o €e)tjets CDF/1.7 fb't PRL 100, 102001 (2008)

W(ES1) ,)+Jets CDF/0:32fb* PRD 77, 011108(R) (2008)

Z{yH S pn)Fjets D0/1.0fb*  PLB 669, 278 (2008)
Zjy=(—>ee)+jets D0/0.4fbt PLB 658, 112 (2008)

.«. m-evatron Run 11 Resultsef 8 ] -
.j

| V' + Heavy Flavor Jets
W+charm CDF/4.3 fb't  Preliminary

e Z+b/Z+Jets D0/4.2 fb? hep-ex/1010.6203
-~ =~ W-+bottom CDF/1.9fb'* PRL 104, 131801 (2010)
—— Z{y>+bottom CDF/2.0fb't PRD 79, 052008 (2009)
W+charm CDF/1.8fb'* PRL 100, 091803 (2008)
WHc/WHjets D0/1.0 fb? PLB 666, 23 (2008)
Z{y*+bottom CDF/0.33fb* PRD 74, 032008 (2006)
Z3+-bfZFjets D0/0.18 fb'* PRL 94, 161801 (2005)

Will concentrate on recent results
Ashish Kumar SM Benchmarks for Tevatron & LHC, 11/20/10 7



~ Data: 13200

- Background : 6%
QCD:Multijet, WHjets
Zy (dominant), ttbar,
Diboson, Z—>zz

Ashish Kumar

s > 1 Jet

~ La=r6" D1
Inclusivesjet diffi cross sectionstin' pIt and Yyt

CDF Run Il Preliminary CDF Run Il Preliminary

—e— CDFData L= 6.031" —+— CDFData L= 6.031"
[ Sytematic uncertainties [ sytematic uncertainties
—— NLO MCFM CTEQ6.1M —&— NLO MCFM CTEQ6.1M
Corrected to hadron level Corrected to hadron level
1= M +pi(2), B,=13 12 =M +p3(2). R =13
--------- =250 =2 e = 2y 3= 12
PDF uncertainties PDF uncertainties

It [tb/(GeV/c)]
2 2
do/dly[® [fb]

do/dp

2= u'w) +21 jetinclusive 2y (= u'p) +21 jetinclusive
pk' > 30 GeVie, Y| <2.1 P > 30 GeVie, Y| <21

100 200‘t 0 02040608 1 12141618 2 22
7 [GeVic] V™|

Data / Theory

Measured Cross Sections are corrected back to particle
level. Compared to MCEM NLO: prediction including non-
POED; effects. Data isiwell described.

SM Benchmarks for Tevatron & LHC, 11/20/10 8



CDF Run Il Preliminary

—e— CDF Data L= 6.03 b
[ Sytematic uncertainties
—&— NLO MCFM CTEQ6.1M
Corrected to hadron level
o = M +pr(2), =13
--------- =20y 1 =12
PDF uncertainties

—
)

[fb]

It [fb/(GeV/c)]
do/d|y|™

do/dp

——

2y - ') +22 jets inclusive

= -on ejart, Corr, fo)r 1 230 Gevie, Y <2

& fiagmentation and —t
= (JEfestimated fiiom
Pythias=liunerA

100 200
pe! [GeVic]

Data / Theory
Data / Theory

- D= 5o

InclusiveNet:diff. cross sectionsin'p,< and yJet

CDF Run Il Preliminary

—e— CDFData L= 6.03b"
[ Sytematic uncertainties
—&— NLO MCFM CTEQ6.1M
Corrected to hadron level
e =M +pr(2), R =1.3
......... Ho=2 0 =1,2
PDF uncertainties

Zh ( Hop'w) +22 |ets inclusive
Pk >30 GeVie, [Y¥| <21

0 02040608 1 12141618 2 22

Iy"!

Measurements are well described by MCEM NLO

Ashish Kumar SM Benchmarks for Tevatron & LHC, 11/20/10 9



—e— CDF Data L= 6.03 b

[ Sytematic uncertainties

—— LO MCFM CTEQ6.1M

—o— NLO MCFM CTEQ6.1M
Corrected to hadron level
W =M +pi(2), R,,,=1.3

e W= 2o L= U/2

PDF uncertainties

e
e N—

Z/y*(— W) + =N jets inclusive

.—Q—q
>30 GeV/c, [Y*|<2.1

—_——

o
-
©
-—
©
(a]

Ashish Kumar

(GO agreement between
data & NLO prediction in
=1, =2 jet bins

For Nqe = 3, only’LO
calculationravailable

Systematic uncertainties :
5—15%, JES dominant

Data suggest a ratio to LO
of ~ 1.4

130 (10) events in Z+-=3
(Z+=4) jets bin

SM Benchmarks for Tevatron & LHC, 11/20/10 10



PLB 669, 278/(2008)

ZAyE— n st Jet(s)

ifferentialicross,sections in prand .y, of the Zbosorn £="1 2

> 1EDGRunll, L=1.0 ' —4— Data g ooE- D9 Run II, L=1.0 b’ —4— Data
9 = —— NLO pQCD + corr. Sy 187 —— NLO pQCD + corr.
8 T : PLFz=}‘lv:=MZ®p‘Zr s | uR=MF=MZ®p$
o [ o CTEQ6.6M PDF 8 16] CTEQS6.6M PDF
B10E ===+ ALPGEN 14 ===+ ALPGEN
E o - = = Z
N Ei; p'FE:MF:MZ@pi 12— uR_MF_MZ@pT
- CTEQ6.1M PDF ’ 0:_ --------- CTEQ6.1M PDF
s el
102 = ™ @)
C Zy*(— ) + jet + X = Z/y*(— pp) +jet + X =,
- 65<M,<115GeV, |y|<1.7 5 45_65<M“,1<115Gev, Iy'l<1.7
z " Reone=0.5, P >20 GeV, |y <2.8 25 Roone=0.5, P >20GeV, [y <28 o
v b b by b b b b b by G_...I...l...l...l...[...l.x. L
pt( ) ' 2.51 5
= | -%. S 4 Data/ ALPGEN == SHERPA / ALPGEN -‘% 5 4F ~4 Data/ALPGEN = = SHERPA / ALPGEN
- @ | —NLOpQCD/ALPGEN === PYTHIA / ALPGEN st N REGRTALFGEN, e PYTHIA / ALPGEN
of 22 Scale and PDF unc. '25 %2 Scale and PDF unc.
1.5~

v by by o b by by by by o by
0.2 04 06 0.8 i | 12 14 16 1.8
ly“]

ALPGENIdescribes shape well except at low p# MCEM NLO better describes data
All’'generators show: significant normalization except at low p74, Where non-

| s licnelaesWenn foaadamwelwesdosslsaplogs
0'% 20 40 60 80 100 120 140 160 180 200
pﬁ(GeV)

differences to the data pert. Processes dominate
Ashish Kumar SM Benchmarks for Tevatron & LHC, 11/20/10 11



PLB 678, 45 (2009)

MEFV NEC) siejpliflez]gle
IMPIOYENENROVERNO

] ERWIG PYAHIAS:
iNmalization and
BSHEPEIIErences

ALEPGENSPYAHIA and
SHERPA predict shape
reasonably: well.
Normalizations can be
made to agree by.
adjusting  the scale.

Uncertainties on MC
predictions large!
Ashish Kumar

71yE—ete-+.>2 Jets

B =" fot

Measuredidiff. cross sections noermalized to incl.

| == MCFM NLO

[1/GeV]

Zy (~ ee) + 2jets + X
65 <M,, < 115 GeV|
Incl. in p° /y

RS =05y < 25|

a GZ/'{
e S
Idp (2™ jet)

=+ Data
== MCFM NLO
— Scale unc.

== \|CFM LO
—= Scale unc.

—
-
e
———

o
——
e

20 30 40 5060 100

p. (2" jet) [Gev]

o(Z) binnedinp; of nthijet @ Z+ = n jets, n=1-3
—_A =2 jet; 274 jet pi
DO Run I, L=1.04 fiy'| == Data at particle level

=+ Data == PYTH|A SO

== HERWIG+JIMMY  —--Scale unc.
=== PYTHIA QW
— Scale unc.

-

=+ Data == SHERPA
== ALPGEN+PYTHIA — Scale unc.
—= Scale unc.

—— — —— —
~
C e
———

20 30 40 50 60 100 200
p. (2" jet) [GeV]

SM Benchmarks for Tevatron & LHC, 11/20/10 12



Z/y*+ NELS) Angulan Correlatlons 3

D2, =10

@ Data

== NLO pQCD + corr.
=11 SHERPA

-
HISINEasUEmEeEntsTeiangular
correlatlons PELWEER Ziand

® Data === PYTHIA Perugia*
2 = HERWIGHIIMMY = = PYTHIA Tune QW

7 o 4AG (1/7ad)
Ratio to SHERPA

1o, x

o 'boost 1/2(YZ B Yet)

Sansitiya o) C)Cp) radlatlon : “ <M< 115Gay
|y"| 17,12 > 25 GeV

ICH

it Of PS MOUE!RaSSUMPLIONS: Ree05, o> 20 GeV, |y*]<28

o Data
3} == NLO pQCD = = O pQCD

— Scale & PDF unc. - -Scale & PDF unc.

® Data == Al P+PY Perugia*
V| mm Al P+HER = = ALP+PY Tune QW

<
o
o
w
I
w
e
2
¢

Ratio to SHERPA

Snonmalizedtonncl. c(Z) $ iy .
= pr2>25 GeV (avoid soft effects) ;‘i/”"'
S TTial A2 et)excludedifrom (o
= MERY dus i Inlderiiges of f-
NENIPERSENECLS) ) SHERPA scale nc. ©

1 15 2 25 : . 25

Reasonable agreement kil ikl
betweenrdata and NLO.
Sherpa best describes the
shape, but not normalization.

Event generators tend to have normalization
and shape differences. ALPGEN4-PYTTHIA
(Perugia) Improves description.

Ashish Kumar SM Benchmarks for Tevatron & LHC, 11/20/10 13



NIM A 662, 698 (2010)

sZedet phalance

- 2= 76 ol

EEUZ N N EEVENTS; DaCK-tO=HaGkK
BpPrIIBIGEY BO<M <100 GeV.
zlefirle) jar o B Gay 0 24 <08
~ AO(Z, Jer)r> 3.0 rad
R=0.40.7 1.0

Studyreiprbalancerhasibeen used
e stldyiandievaliate theNmpact of;
VAR OUSTHERTEL Cal  URCERAINUESTON
the Jet energy: measurements:

ME'S and parton-jet matching;

renorm. & fact. scales, PDEs, ESR
parameters, MPI, single particle
response, large-angle ESR

CDF Run Il Preliminary

Z+jet, jetcone =07

——Data- 461" Z+jet, jet cone =0.7
—— Pythia ’

—— Pythia, quark-jet

—— Pythia, gluon-jet

Z+jet, jetcone = 0.7
—— Pythia

—— Pythia, quark-jet
—— Pythia, gluon-jet
—— Data- 461b"

5
@
£
0
A x>
N 3}
~ ©
o =
~— —
- o
- -
2 E
=
3
ﬂ.'_ c
v o
o
©
™
@
=
=3

20 40 60 80 100 120 140 160

720 40 60 80 100 {20 140 160
P(2) [GeV/c]

P,(Z) [GeV/c]

The uncertainty from mis-modeling
oft ESR at large angles Is largest.
Ashish Kumar SM Benchmarks for Tevatron & LHC, 11/20/10 14



S{clentifyingdo-jets

- Displaced
cks

Secondary
- Vertex

HCOMIMONNP tadyINarechnyue
ExpleisHonglifetimeroiibh-hadrens

".' B REEONSHHUCE secondany, vertex pmy
Eiomidisplaced tracks (ot from T
SpHMaRAVEREX) Inside jet

-‘TDF’ SEcVix tagging based on
.”Iarge transyerse displacement (L,y)

(2]
o

s D0 NN'based on combination of
Variables sensitive to presence of:
displaced tracks forming Sec. Vix.

'-4
o o o

b-jet Efficiency (%)

6
5
4
3

o

1 10
Fake Rate (%)
Ashish Kumar SM Benchmarks for Tevatron & LHC, 11/20/10 15



INLENESUNGRESIHOIFPQEDIPTECICHONS

Nimportantbkad to SV Higgs search
& in ZH—>w/II bBrehannel
SSERSEnSitivertorb-guarnk PDE

Veastrement of ratio: benefits from
Gancellation efimany, systematics =
PrECISE comparisen with theory,

5

DO, 4.2 fb™
(b) ee

3

- o= Datal 4.2 fb
o (Considerboth e and w channels
70r< M < 110 ' GeV.
o Z+ = 1Jet
R=0.5, p>20 GeV, [n|<2.5

Events / 5 GeV

3

%20 a0 80 100 120 140 20 40 60 80
Leading Jet p_ (GeV) Leading Jet p_ (GeV)

Ashish Kumar SM Benchmarks for Tevatron & LHC, 11/20/10

- Data
L Z+light
m Z+b
W Zz+c
tf
Diboson
B Multijet

100 120 140
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J Sirzjiee)y

Daw-

Select: Z events with =1 b-tagged : DO, 4.2 fb
Jetterennch sample withrheavy,
- flvers

SR USeranovel technique to Light et
e distinguishr b-flavered jets from Total
chanmiandilight flavered jets :
consthctardiscrminant with Mg+
andjetliretime probability.

S EDatal— Bkgd with templates of
dISC. to extract Z+-b fraction

i

Data

——
—-— b jets
—h

T gata e Measured o(Z+b)/c(Z+jet) ratio

c jets = 0.0192 = 0.0022 £ 0.0015

b jets

® Most precise to date

® (Good agreement with MCEM
prediction : 0.0185 £ 0.0022

o (CDE result :
0.0208 + 0.0033 £ 0.0034

Ashish Kumar SM Benchmarks for Tevatron & LHC, 11/20/10 17



PRD 79, 052008 (2009)

W7+ b-jets-Production

. CDF Data

——— NCFM Q=m +p?,
MCFM Q2=<p? >
T.Jet

x 10 [GeV ]

MESS

dc®'(Z+b jet)
=3

* CDF data
ight jets
ejets
|:| b jets
B sGjets

N=193+23 . CDF Data
N,=14754
N,=273+43

Positive Tags

Jets /(0.5 GeV/c?)

2_ 2
— ALPGENQ _m§+pT,z

d E jet

M, (GevVic)

do’®t(Z+b jet)
b ‘
T

L
G(2)

VIeastrementsin agreement 60 70 80 90

With predictions (large uncert. £ [GeV]

INTHOtHdata 8EthEDHY): Slight underestimation by MCEM NLO at low: E-
No complete NLO calculation for Pythia : good at low! E;, but, less so at higher E:
Z+bbi= large scale dependence Large variations between ALPGEN & PYTHIA.

Ashish Kumar SM Benchmarks for Tevatron & LHC, 11/20/10 18



.:RL 104, 131801 (2010) + b_JetS PrOdUCtlon

~ 2= 1.9 fo

'pT>20 GeV Im|<1.1, p’>25 GeV. o |Vajershackgrounds

3 Jets INGIRZAnNinalistate tthar (40%), single top (30%:)
S EAKeWVNES596), WZA(590)

AT bjets rhjets
N b—tags }( -N bkg

JFP'+bjer's -Br= Ix Axe

90

w It o e Measurement
ot =l oXBR = 2.74 £ 0.27% 0.42 pb

of [N eerise e s NLO MCFM : 1.22 + 0.14 pb

= 159 5.5(stat) %

® 7= 126 35(sta) % Pythia : 1.10 pb, Alpgen : 0.78 pb

40

30

2 _ Measurement 2.5 — 3.5 X higher
of TR than MC & Theory: predictions
. Bkl | Need for improved theory : HO

0 05 1 15 2 25 3 35 4 45 5§

M, (GeVic) corrections, b-quark frag. model.
Ashish Kumar SM Benchmarks for Tevatron & LHC, 11/20/10 19



-: V\ISESSIngle cRroduction

Jotlvater gs —>W c(~9050)

=N Sensitive tols-auank PDE N proton g\ E(1050)
. OYCRIVINatiX el EMERT/E p—
- - HE for singletop, WH

Sitrzlee)y

=\EBSlyiselected by high pr e/u+MET:

= Eharm-jets are identified by soft
Septonitagaing (S algorithm

— EXploit charge correlation between
lepton from W decay: and SLT lepton

;f ~ — Wcevents: OS
— Most ofi BG processes like Wcce give
OS & SS almost equally

= [lookiferexcess off N®5— NSS

e [Main backgrounds
— Fake W (QCD)
—  W4-light jets

N measured 1" bke _— Dre”'Yan

T o5 —8§ \ 0S5 -5§

Ow. . XBr(W —lv)=

LXAXE

Ashish Kumar SM Benchmarks for Tevatron & LHC, 11/20/10 20



D& WSESSIngle c-Rroduction

‘ﬂsu(SLTe) — I°:|E\);La(~1-8fb1)
FESP0IGEV) (et <d.5

I W+LF

overflow bin

15 20 5 10 15 20 25 30 35
soft electron P, SLT muon pT[GeV/C]
L= 1 Data in reasonable agreement with NLO.

————— Alpgen (v2.05) + Pythia (v6.323)

0.1

proiet>20

A
o
i’ o
2|2
T

o
|&\&
T|b

PLB 666, 23 (2008)
o [W + c-jet]
a [W + jets]

ALPGEN : 0.044 + 0.003

— 0.074 + 0.019(stat.) 75012 (syst.)

10° jet pr [GeV]

Ashish Kumar SM Benchmarks for Tevatron & LHC, 11/20/10 21



ary e OULIO0K

. - . .
ievatren has a rlch phy | fiam to study varlous propertles _

OIVEGtor bosen+-jets product
J j\/]ar})-w"" NG resuite

J ff'éj]:_'i:éons to ME+PS generators

J F]r.)iffp "a;surements for angular correlations

Ciojoje) nerstandlng of these processes critical for SM Higgs
s 'rx‘ D searches

o Ge eraily, MCEM NLO QCD calculations describe data well.

"37- easurements on W/Z+b jets indicate need for improvement.
i' - .:,,SHERPA gives the best description of angular distributions.

-~ _More results with better statistics will become available soon.
- e Tevatron would continue exploring these processes

o —

Ashish Kumar SM Benchmarks for Tevatron & LHC, 11/20/10 22



m— -e- Data - 6.03 fb™'
— Total Prediction
(b CEOE
- p W z+y

\ " . I QCD, W + jet, DIF
(VI v ﬂ

MW zz, zw, ww

= 'tllly reconstruct Z with two' leptons 120 140

. M, [GeV/c?]
= BEENake leptons, semi-leptonic
e decays ditboson production

CMC bkg
@acop

s = zw*'J?rf
. ) Wijets
W1y 7

—data

Higher: statistics, higher BG
Reconstruct lepton, v — missing E;

BG : QCD (fake lepton), W—zv, Top,
diboson, Z->ll

Ashish Kumar SM Benchmarks for Tevatron & LHC, 11/20/10 23



Ashish Kumar

Relative Uncertainty

=+ Muaon ID and Trigger elliciencias
— Wartex acceplance

100 150 200 250 300 350 400
pr' [GeVic]

CDF 1I Preliminary
|
21507 |

|

2.04£20 |

: 0.0+00 |
[T Bearomes [ roetn [ Teeo [sar |
[Data 13247+ 115] 1485+39 [133.0+£11.5 ]

SM Benchmarks for Tevatron & LHC, 11/20/10
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Tracker (Silicon Microstrips + Scintillating Fibers):
covers |n| < 2.5 inside 2 T superconducting solenoid

Calorimeter (Sampling U/Liquid Ar):
hermetic coverage: [n| < 4.2

Calorimeters (— jets, e, 7): Fine
granularity and good energy resolution
D@: Anpx Ap ~ 0.1 x0.1

CDF: Anp x A¢ ~ 0.1 x 0.26

.._,.:Duterﬂchambers high purity muons

__‘.- ,—

s Electron and general Calorimeter
| rﬂ <2.8
Calorimeter
a
Tracking
[}

Muon system (Wire Chambers + Scintillators):

covers |n| < 2 before and after toroid

.. _. 2.0
AYERO0  SVXIl  INTERMEDIATE SILICON LAYERS




S E— et Jets

p— T

[Latestresults with 61 fiit

- KINEMaLiC Selection
=25 NEEVA 1| <100, 66 <M} <106/ GEY
pPRESB0IGEY) |V[<2.1, R'="0.7.

SENEVENISHIS000, 1500, 1300nZ+=1
Vet =22, =31 jet bins

-

B ECRETOUNGESE
QED multisiet, WHjets (data-driven)
- __,,Z,Y’ TOp, DibOSOﬂ, 7511 (MC) CDF Run Il Preliminary
~ — Total BG 5-10% e e

B z+y

I QCD, W + jet, DIF
tt
W zz. zw, ww

CDF 1II Preliminary

Estimated events in 6.03 fb~ |
(7> 1jet [ZF > 2 jets[Z + > B jots|
1055 S 146 3005120 | 24507 |
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PLB 669, 278/(2008)
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ALPGEN describes shape well. MCEM NLO: better
ALPGEN and PYAHTA below: the data, SHERPA better describes data
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ZyE=—ete-+.>2 Jets

S\ Ortalized differentialicross sections inpr therzidjet
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Data described well by MCEMNLO
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ZyE=—ete+a=>3 Jets

\Ormalized differential cross sections inypratheSENet

DO Run II, L=1.04 fb'| —#= Data at particle level =+ Data == PYTHIA SO
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VMICEM LO© and Sherpa are preferred. Uncertainties in data and
predictions due to scale variations are large.
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AWZ, jet) (rad)

ALPGEN+-PYTHIA (Perugia) improves description.
Sherpa best describes the shape, not normalization.
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ing Heavy Flavor ets

P

b Jet Neural Network Output
o

Identi

* Light jets have a much higher
production rate than heavy
flavor jets

- ~100:1 light jets to b jets
- ~10:1 light jets to c jets
- ~10:1 cjetstobjets

* But, heavy flavor jets can be
distinguished due to the long
lifetimes of their mesons

- Average meson lifetimes
* ~1.5x 10" seconds (B mesons)
* ~0.8x 10" seconds (C mesons)
- Decay measurable distances from

; the primary vertex

~ ¢ The secondary vertex:

- Contains valuable information to
identify heavy flavor jets

e

" Monte Carlo

Unity
E

UL LB

H b-jets

- Iyl <10 A ciets
| fEt| 0.8 v light jets
- < 0.

- P > 15GeV

=
.h

Normalized to
=
[¥5]

B

1II||||II|IIII

01

02 03 M u,5 ua 7 08 09 i

b Jet Neural Network Output

1'he mputs to the NN combine several characteristic quantities of the jet and associated
tracks to prov ide a continuous output value between zero and one. The input variables are the number of reconstructed
secondary vertices in the jet, the mass of the secondary vertex, the number of tracks used to reconstruct the secondary
vertex, the two dimensional decay length significance of the secondary vertex in the plane transverse to the beam, a
welghted combination of the tracks’ transverse impact parameter significances, and the probability that a jet originates
from the primary vertex, which is referred to as the JLIP probability. The NN output value tends toward one and
zero for b jets and non-b jets, respectively.
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VESIVAI=E) 1) SElection
=20 GeV) | < 1.1, pr>25 GeV.

Jatg 1 L or 2 1n fisel sieiee (o) gtien
;_{"0 o) ir) 3 < bln)

=S SecVixitagging teenrich sample with
HESEts;

= DEfiractionrebtained from fit to Mq

= With templates of byc & light flavors.
' Major backgrounds = — temmiate
ttbar (400/0) . — LF template
single top (30%)
Fake W (15%)
WAGH

M, (Gewc )
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W + charm background .

,10CDF Run Il Preliminary, 4.3 fb’
T QCD background is estimated
N by a fit to the MET spectrum

B 1vutiers CDF Run Il Preliminary, 4.3 fi"

S

T
20 40 60 80 100 120

£, [GeV]

150

! W boson M,

Main backgrounds:
Background validation in * Fake W (QCD)

0OS+SS control region * W + light jets

* Drell-Yan

Ashish Kumar SM Benchmarks for Tevatron & LHC, 11/20/10




.’.‘M

SM precision limits from Z + 1 jet pr balance

e All sorts of possible sources of uncertainties are considered:
(Effect (in %) on predicted mean of py(Z) balance)

' &

©
S

renormalization and factorization scales +0.9-0.0 +09-04

(Z — ee, pp)

+0.4-0.4
FSR parameters in PYTHIA +04-04 +0.1 -0.1 +0.1-0.1
ME's and parton-jet matching +0.8-0.0 +1.1-0.0 +0.8 -0.0

single particle response +2.5-2.5 +2.5-25

+2.5-2.5

+1.0-0.0

muitiple proton interactions

+1.2-0.0

large-angle FSR, limitation of PS +0.0 -2.9

+1.7 -0.0

Estimate of the total variation +3.0-3.8

+3.4 -2.5

The observed discrepancy +4.7 +3.2

+2.0 . Prediction
Jata

Only large angle-radiation (FSR) observed as sub-leading jets is able to explain discrepancy
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