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1. Introduction CDF

Motivation
Measurements
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b P collisions at s = 1.96 TeV

Up to 2.5 fb-! used in reported analyses
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1. Introduction CDF
2. Inclusive measurements Motivation

3. Heavy flavour measurements

) Measurements
4. Conclusions

QCD tests:

Test of perturbative QCD (W, Z
ensures high Q2)

V. W.Z,.

|, Underlying

Hard scattering
.y event

W, Z + b jet production
potentially sensitive to b content
of proton

Background process:

« Standard Model (eg. top)
* New physics (Higgs, SUSY)

DIS 2009: Tara Shears 3



1. Introduction CDF

2. Inclusive measurements Motivation

3. Heavy flavour measurements Measurements

4. Conclusions

Inclusive measurements:

— W + jets Phys. Rev. D 77, 011108(R) (2008)
— Z + jets Phys. Rev. Lett. 100 102001 (2008): 1.7 fb-"'
Heavy flavour measurements:
— Z+ b jets hep-ex/0812.4458 (2008)
— W+ D jets
Not included:
— W + c jets Phys. Rev. Lett. 100 091803 (2008)
— Inclusive W, Z See H. Fox, talk [95]
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1. Introduction

2. Inclusive measurements W(—ev,) + jets

3. Heavy flavour measurements Z(—ee) + jets

4. Conclusions

Trigger on high E- central electron

0.32 fb-"

Identify W: >

E®>20 GeV, |n° | < 1.1 GV Ef

Missing E; > 30 GeV P Zggg §§

m; > 20 GeV/c? 5 2000 §
o S * 4000 \\'

Identify jets; Jetclu cone 0.4 jet with 3000 \

E->20 GeV, | n |<2.0 2000

ARejet > 0.52 1000

oz

i

4

10 20

oll

Measure o at hadron level as function
of E{¢t cf. LO, NLO predictions

Backgrounds ~ 10-40 % —

W(—ev)+=1jet

e CDFII
[ 1 Combined
W+jet
multi-jet
[ leptonic

30 40 50 60 70 80 90 100
Missing Transverse Energy (GeV)

90 % depending on EJet

Systematics: ~ 20 % — 50-80 %

- jet energy scale (background) at low (high) E et
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1. Introduction

2. Inclusive measurements W(—ev,) + jets

3. Heavy flavour measurements Z(—ee) + jets
4. Conclusions

'_ & CDF I/ MCFM | Scale uncertainty — - PDF uncertainty

-
815
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5 ~ e CDFII/MM MM uncertainty . Foeas J__—== e oo, (st |
g - = CDFII/SMPR 7%~ SMPR uncertainty - L ,—.SW"? T
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= - A . a
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0 1 2 3 4 5 2= & CDF 11/ MCFM Scale uncertainty — - PDF uncertainty
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— o v B e e e e e ) o e (
L tpagsgsesS=e=S=s_ T TTTTTTTIITTITIIY
2 0.5 - I
3 1
b -

LO: ME+PS + nonpQCD correction:
SMPR: Madgraph, CTEQGL, Pythla, S. Mrenna and -*’Héi-i—é_‘_’_'_i_‘

P. Richardson, J. High Energy Phys. 05 (2004) 040. 0sf I

MLM: Alpgen, CTEQSL, Herwig, o. aiwall et al., e ';;-m;é;;_;ta;ggw

arXiv:0706.25609. 3T « CDF Il /MLM  Scale uncerainty

« CDF II/SMPR = Scale uncertainty,

NLO: MCFM (W + 1 and 2 Jet ava”able) 514% <CDEII/MLM  Scale uncerainty
! == , :

Agreement with NLO good.

GDala d GTheory

B = CDF II/SMPR ' Scale uncertainty

. 2F - T
LO low {35 SPTE. A ; |
20 30 20 50 €0 70 80

Third let E (GeV)
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1. Introduction

2. Inclusive measurements W(—ev,) +jets

3. Heavy flavour measurements Z(—ee) + jets
4. Conclusions

2.5 fb-1
Trigger on high E- central electron 10° CDF Run Il Preliminary
T E -~
. S F .
Identlfy Z é 1022— =9=+:‘.F Ziy*(—e’e’) + 21 jet inclusive
E > 25 GeV, S o
Ine,[<1.0, In®,|<1.0 OR 1.2<|n%,|<2.8, T °F N
2 \b E = CDsFe[r)nazﬁct:cif afilr: ies
66 < M, < 116 GeVic 5oL T e
= Corrected to hadron level
- nZ2 = M2 +p3(2). R, =1.3
. . . . . | e l=210:1=|0/2
Identify jet; midpoint cone 0.7 jet, 107 boF unceriainies ——
Rsep1-3, with pr>30 GeV, | y [<2.1 X e .
Measure o at hadron level as § 125
function of p{et, cf. NLO predictions. s 0;;
1] -
o “°F
0.6
- C |
Backgrounds low (~12% for 21 jet) o 15E
o§ 1.4;— E| gartton-totjhadron ﬂle‘vf‘l corrections
- E ystemaltic uncertainties
Good agreement with NLO (MCFM + oE
CTEQ6M, corrected for UE, fragmentation) 1.1E ‘k\
1E
Corrections largest at low E; 0.9E o — s 200 e [Gevie]
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1. Introduction

2. Inclusive measurements W(—ev,) +jets

3. Heavy flavour measurements Z(—ee) + jets
4. Conclusions

CDF Run Il Preliminary

10° ¢ ~
—- E —e— CDFData L=25f
o 4 = Zi*(—e'e’) + 21 jet inclusive (x20) [ Systematic uncertainties
% 10" = -, —&— NLO MCFM CTEQ6.1M
o E —.- =e=+ Czom:/'zcted tc2> hadron level
= 3 2 =M +p32).R,, =13
é 10 E— =!=+ ------- LO= 2;102; p =TpO/2 )
5, ) C — - - - PDF uncertainties
':g_ 10 E ——
\b = :8:—.— ——
E —a—
- - 1 _ +
Systematics dominated by: E 2o + 22 jots nclus)
4 Y =2 jets inclusive
107 — —
scale dependance (th.) N
E 1 :3 E ZI*(—»e'e’) + 21 jet inclusive
. t I 2 1.2;—
jet energy scale (exp.). £ 11E
S E
= 0.9
S 0.8
0.7
0.6E-
1.8
2 1.6E- . —
8 1'45_2/‘{"(—)8 e’) + =2 jets inclusive
E 1.2F
s 1E
T 0.85
9 o.6E
0.4
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1. Introduction

2. Inclusive measurements W(—ev,) +jets

3. Heavy flavour measurements Z(—ee) + jets
4. Conclusions

10° CDF Run Il Preliminary 0.16 CDF Run Il Preliminary
= E —— CDFData L=25f" - - Z>ee + jets
= C Systematic uncertainties Cc B 66 < M,, < 116 GeV/c?
@ i -6~ NLO rvtlch:\n SEEO6i1M| ~ 0141 E® > 25 GeV, || < 1
[ 10 — CPI’(GC_E 0 aaron leve = e o
0 F —— u2 =M+ p(2), R,,,=1.3 © - Izl <11 1.2<nz| <2.8
- E A NLO scale p = 2, ; p = pf2 0.12 N pil'.’l > 30 GeVl/c, |))e‘| <21
N - - - = NLO PDF uncertainties L AR(e,jet) > 0.7
g 103__ —a— LO MCFM hadron level B e
E —_— el Gt
X = i 0.1— '%
£ C o Srmmmm R ——
-4 -
b B -
10% = 0.08(
= —_— -
- “ | —e CDFData L=25fb"
B | | | 0.06— Systematic uncertainties
1.8EF - -&- NLO MCFM CTEQ6.1M
o % L
3 - L corrected to hadron level
o 16 B l 0.04— W= M2 + p2(Z), Ry, =1.3
p 1.42_ T | == NLOscalep=2p,;u=pny2
5 - - - === NLO PDF uncertainties
© C :
¢ 12 e 0.02—
1E C | |
C 1 ! | 2 3
1 2 3 SN >
= jets — jets

NLO describes data well
LO low by factor 1.4
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1. Introduction

2. Inclusive measurements Z(_)ee,uu) + b jets
3. Heavy flavour measurements W(—ev,,uv,) + b jets
4. Conclusions
. 2 fb1
Trigger on Z—e*e" (|n|<2.5), u*w-(|
n|<1.5) S —
] ] , S - e CDF data :
dentify b jet; Jetclu cone 0.7 jet § 120:—(‘“) LOsive:hoge [Jlight jets 5
with Et>20 GeV, | n |<1.5, S 100 Clcjets 4
2 . F (b jets ]
secondary vertex tag. § wof B GG jots :
Estimate b fraction by secondary 3 s S
vertex tag, fit sec. vertex mass to 3 ::;:;i: E
MC templates to obtain b fraction. oy N, =28 -
: 1 ]
Measure o at hadron level, R Y Geviey
compare to LO, NLO
/ Main sys: E; modelling (8%)
data 4« | Alpgen Pythia MCFM MCFM
(Q*=m+p;,?) | (Q°=<pp;>?)
G(Zé)b) (3.32 + 0.53 + 0.42)x103 | 2.1x103 3.5x10-3 2.3x10-° 2.8x10-°
o]
oZ+b) 1 (208+0.33+0.34)% |1.5% 2.2% 1.8 % 2.2%
o(Z+))
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1. Introduction

2. Inclusive measurements Z(Hee,uu) + b jets

3. Heavy flavour measurements W(—ev,,uv,) + b jets

4. Conclusions

NLO LO

- : T T : n° :_ T —:
E 3.5— ﬂ) . CDF Dﬂta - '; 3.5 a) ¢ CDF Data
= 3 £ 3f
B - g N s, — ALPGEN QZ=m2+
3 ag I MCFM Q°=m2 g : mi+pZ
N 2_ T e MCFM G2=-=p_2rm=- E ru.- = ------ PYTHIA =
E. + z.ﬂ. H
2 15F - | = ) —
N s E N - ]
ED 15 .................. I. ................ E % 15 ------------------ I ----------------- g
7 05F = ~N 05E
[=] #] N N
0 1 2 . 1 2
N|e1: Njet
- T T L ] T
2 35—Db) — e 35 b) -
b X = PuesccccsscsssscccPrancccccscnsnsnscer
Ai 3 ~ 3 :
E - 2 -
2% 25 e =z 25f
&, E & Lf E
H - 3 -
215 2 15
- E___ - Fu -
R | = o 9
es5—- e — 0.5 -
0 1 3 0 1 f
NIij r%jet

NLO, LO at low scale describe data well.

NLO, LO at high scale are low.
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1. Introduction

2. Inclusive measurements Z(Hee,uu) + b jets

3. Heavy flavour measurements W(—ev,,uv,) + b jets

4. Conclusions

NLO LO

= = . = 18F =
e 16) *  CDF Data a) E 160 e CDFData a)
+  1.4F | 1o ‘
° . MCFM Q*=m3 E o ALPGEN Q?=mZ+p? |
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E 1 _08f als 08 :
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0.5} 1 ] 0.5} 1 :
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b jet b jet

NLO, LO at low scale describe data well.

NLO, LO at high scale are low.
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1. Introduction
2. Inclusive measurements Z(—ee,uu) + b jets

3. Heavy flavour measurements W(—ev,,uv,) + b jets

4. Conclusions

1.9 fb"

Trigger on high E. central electron or N Vertex Mass Fit

QOoo[— CDF Run Il Preliminary - 1.9/fb
muon S H Rl

m -

(Ohads I ‘ bottom contribution
Identify W: ;70; I{‘ charm contribution

. S5 A — LF contribution

e. ET > 20 Gev’ |r]| < 11 ‘350 1 :J ------ Summed contribution
M: pT> 20 GeV/C, |r]| <1.0 - b= 71.3+ 4.7(stat) + 6.4(syst) %

A c= 15.9 + 5.5(stat) %
‘ LF = 12.6 + 3.5(stat) %

v: Missing E;> 25 GeV %

KS Prob = 84.8 %

Identify b jet; Jetclu cone 0.4 jet with 30
E>20 GeV, | n |<2.0, sec. vertex.

TTT [T TTT T T TT [T T TT[TTT T[T T T T [TTT
| \ [ | [ |

Compare inclusive cross-section to 10
LO : ALPGEN + CTEQ5L

OO

3.5 4 5

45
M_  (GeV/c ~)

vert

Yield: ~ 496 signal events, ~180 background (70% tt or single t)
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1. Introduction
2. Inclusive measurements Z(—ee,up) + b jets

3. Heavy flavour measurements W(—ev,,uv,) + b jets

4. Conclusions

Results:

in events with a p;> 20 GeV/c, Inl < 1.1 electron or muon, a p;> 25 GeV/c neutrino, and 1 or 2
E;> 20 GeV, Inl < 2.0 jets regardless of species.

Data: 0, (W + b jets)xBR(W—Iv) = 2.74 +0.27 + 0.42 pb

LO: ALPGEN: 0-BR=0.78 pb

LO factor 3 low (nb. high scale)
« awaiting NLO comparison.

DIS 2009: Tara Shears 14



1. Introduction
2. Inclusive measurements

3. Heavy flavour measurements

4. Conclusions

W/Z + jet production measured at CDF on
datasets up to 2.5 fb-1

Inclusive measurements:

* LO estimates low

* NLO estimates show good agreement

- correction for U.E. and fragmentation needed at low E ¢t
Heavy flavour measurements:

* NLO, LO estimates at high scales low.

* NLO, LO estimates at lower scales agree with data.
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1. Introduction

2. Inclusive measurements
3. Heavy flavour measurements
4. Conclusions

W(—ev,) + jets

Z(—ee) + jets

CDF Run Il Preliminary

10° e 3
I~ E —&— CDF Data L=251b
0 s Ziy*(—e'e’) + 21 jet inclusive (x20) [] Systematic uncertainties
% 10 E -, —&— NLO MCFM CTEQ6.1M
[0} E —Q—=e_= Corrected to hadron level
< 40%L - w2 =M +p%2), R, =13
é 10 E— =9=+ ....... p0= 2p i =pgf2 =
g, ) C * - - = PDF uncertainties
= 10 E ——
e, E e -
o) - —— ——
T 10 = ——
- —
1 —_—
. Ziy*(—e'e) + 22 jets inclusive
10" E —
E L
1.4E- .
E 1.3 E_ Zly*(—e e) + =1 jet inclusive
o 1.2E
L “2E
= 11K
3 o0
£ 09E-
o 0.8
0.7k
0.6 |
o 18F .
8 1 2 ;_Zly"(—m'e‘) + =2 jets inclusive
£ JE
- 1.2
s 1
S 0.8
0.6
0.4

CDF Run Il Preliminary

1.4 : —
» L Systematic uncertainties
Q - Total
P - ——— Jet energy scale
s - E
a 1 3 . - Eta depen_dence
k = * | = Multiple pp interactions
1) N - === Reweighting of the MC
g N - === Trigger efficiency
3 - - === Electron ID efficiency
Q 1 2 — ———  QCD and W+jets background
2 - - === Non QCD backgrounds
bt -
L) L
[+}) -
1.1

1
0.9
0 8 i ] ] ] L 1 | ] ] ]
30 40 50 100 200 300

p' [GeVic]

Systematic dominated by scale dependance (th.), jet energy scale (exp.).
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ldentifying b jets

Tagging algorithm:

Consider tracks in n—¢ 0.4 cone around jet axis
Find secondary vertex from displaced tracks
Large transverse displacement = b tagged.

Purity: fit invariant mass to template shapes
(MC or data), 45-70%

Efficiency: 20-40% dependent on operating
point.
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Primary vertex

Jets/0.1 GeV/c?

©o
o

@
o

\ Vertex Mass Fit |

- CDF Run Il Preliminary - 1.9/fb
’ ‘ 4 Data

bottom contribution

charm contribution

LF contribution
------ Summed contribution |

b= 71.3+ 4.7(stat) + 6.4(syst) %
c= 159+ 5.5(stat) %
LF = 12,6 + 3.5(stat) %

KS Prob = 84.8 %

1 15 2 25 3 3.5 4 45 5
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