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Introduction

Vector boson + heavy flavor (HF)
jets production is important for
physics program at Tevatron

O For QCD ” -

B y/W/Z provides direct probe of _
hard scattering dynamics gcgr?t”y'”g

B W/Z ensures high Q? (~My,,) FR —
interactions, perturbative theory

B Sensitive to HF content of T
proton PDF derived from gluon tragmentation
densities

b,c-jet
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Introduction

Vector boson + heavy flavor (HF)
jets production is important for
physics program at Tevatron

[0 Bkgd for many physics analyses

B W/Z+HF-jet production is BG
for studies of ttbar, single top,
and searches for low mass Higgs,
SUSY, Technicolor...

B Photon+HF is also BG for broad
range of analyses, e.g. SUSY,
Technicolor, new generation,
quark compositeness, ...

Good understanding of these
processes will enhance the
physics potential

WH —lvbb search

CDF Run Il Preliminary (1.9 fb™)
120 |
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[ 1t (6.7pb),Single top
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Outline

[

Experimental techniques
B B-jet identification

W-+b-jet production
Z+b-jet production
Photon—+b/c-jet production
W+single c-jet production
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b-jet identification

[0 The most commonly used “tagging”
technique identifies b-jets with a

displaced secondary vertex (long B
hadron lifetime, ct ~ 0.5 mm)

Secondary
ertex

B Consider tracks in n-¢ cone of 0.4
around jet axis

B Reconstruct secondary vertex from QAW
displaced tracks

Xy
B [f the vertex has large transverse /
Primary vertex

displacement (Lxy), the jet is “b-
tagged”.

[] Evaluate b-tagging performance:

B Tag efficiency for b-jets

B Db-fraction: fraction of b’S in the
tagged sample
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b-jet identification cont’d

Tagqging efficiency:

Efficiency

Tag efficiency for real b-jets
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Different requirements on displaced

b-fraction in tagged sample (purity):

Make template fits to the secondary vertex

mass distributions

o =
‘90.14_

GeV

Jets/0.

0.02

Tight tagger

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

tracks & # of tracks in secondary G o p—
vertex define different operating § - . Clightjets -
1 : . e C 5=1.96 TeV ciets

points of tagging algorithm: 5 o ;:sz %bﬁs 3
= C #1520 GeV ]
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. . . o b-fraction: —

When the tag efﬁmency for b?] .ets 1s of —45% 3
increased, the mis-tag probability of af . E
non-b jets also increases. o S R TP -~

M(SecVtx) (GeV/c?)
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b-jet identification cont’d

Tagqging efficiency:

Efficiency

“Mis-"tag efficiency for light jets

g9 g
e p O
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b.o7
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b-fraction in tagged sample (purity):

Make template fits to the secondary vertex

mass distributions

o =
‘90.14_

GeV

Jets/0.

0.02—

[0  Different requirements on displaced Tight tagger
tracks & # of tracks in secondary Zob o1, COF FUNT Pralmmry
vertex define different operating T ok
points of tagging algorithm: s T il
: . » 10 L~20fb’ b ets -
Loose, Tight, Ultra-tight. 5 ok Eronl e
r n~|<1.5 4
[0  When the tag efficiency for b-jets is wf b-fraction:
increased, the mis-tag efficiency of st ~45% -
non-b jets also increases. i3 + E
M(SecVtx) (GeV/c?)
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Jets/0.1 GeV/c?

Secondary vertex mass
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b-jet identification cont’d

Tagqging efficiency:

Efficiency

Tag efficiency for real b-jets

0.7

r B== Loose SecVix
*°F Loose e
0.5[ ]
0.4F
0.2} /\
0L Ultra-tight

|

204060 80 100 120 140 160 180 200

Jet E; (GeV)
Difterent requirements on displaced
tracks & # of tracks in secondary
vertex define different operating
points of tagging algorithm:

Loose, Tight, Ultra-tight.

When the tag efficiency for b-jets is
increased, the mis-tag efficiency of
non-b jets also increases.
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Jets /(0.5 GeVic®)
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b-fraction in tagged sample (purity):

Make template fits to the secondary vertex

mass distributions

o =
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W+Db-jets production

Large background for many analyses
[0 SM Higgs (WH) production
[0 Single top quark production

O tt production O

Hope is to use this measurement to

improve background estimate for these
studies.

Analysis

O W — 1 v(l=e,u) selection:

B eE>20GeV,n<1.1

B U pr>20GeVie,n<1.0

®  v:Missing Ex MET> 25 GeV
b-Jet selection:

B  Cone algorithm, R=0.4

B E.>20GeV,n|<2.0

B  b-identification: “ultratight”
secondary vertex tagging

W+Db-jets cross section:

Nb—tags - f et Nl?lizts
LxAxeg

N : number of b — tags

b —tags
f bjets

OW +bjets * Br =

: b— jet purity in b - tag sample

N gjkzts : number of tagged b — jets not fromW + bb
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W+Db-jets production *

bjets bjets
b—tags f kag

LxAxeg

w
o
I|I

CDF Run Il Preliminary - 1.9/fb

N

4 Data

Ow tbjets * Br =

bottom contribution

charm contribution

~l
o
\lIIII TTT

— LF contribution
------ Summed contribution
b = 71.3+ 4.7(stat) = 6.4(syst) %)|
i c= 15.9+ 55(stat) %

| LF = 12.6 = 3.5(stat) %

Jets/0.1 (?g‘,eV/c2
T

[+)]
o
T ‘ TT1

[J Major b-jets bkgd. (S/B ~ 3/1):
B ttbar (40% of total bkgd) o
B single top (30%)
B Fake W (15%)
B WZ(5%)
Total contribution: ~180 tagged b jets

KS Prob = 84.8 %

~940 b-tags

|
|‘1, | ~670 b-jets

[0 Measurement:
0-BR =2.74 £ 0.27(stat) £ 0.42(syst) pb
(pr*>20 GeV/e, m* [<1.1, p¥>25 GeV,

The measurement x3.5 larger than

E;bet>20 GeV, Inbj"tl<2_-0)_ | the Alpgen prediction. Waiting for
L1 Alpgen (LO) prediction: other theoretical predictions

c-BR=10.78 pb (MCFM NLO etc.)
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Z + b-jets production

b Z b 7

9

Probe the less-well-known heavy flavor content of the proton.
The knowledge of the b-density in the proton influences:

L1 Single top-quark production gb — g't and gb — Wt
[ Supersymmetric higgs boson production, gb — hb,bb — h

Major background for SM higgs searches (ZH, H — bb)
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w Z + b-jets production

Z events selected with ee/up
b-jet identification by secondary vertex

Measured o(Z+b jets)/o(Z+jets) allowing the
cancellation of many systematic uncertainties

O 0O O

Entries / 4 GeV/c?

0 Measurement: (p/* >20GeV/c and |7’ |<2.5)

100 150

2.1+ 0.4(stat) +O'§(Syst)% m,, (GeV/c)

-0.
[0 In agreement with the NLO prediction:

1.8 £ 0.4 % based on CTEQ6 PDF.
Phys. Rev. Lett. 94, 161801.

(a) DO
« Data
— Expectation

B Charm+Mistag
OBkgd

15

10

Entries / 10 GeV/c

[0 CDF made similar measurement with 340 pb-!
Phys. Rev. D 74, 032008.

0 50 100 150
p; (GeVic)

July 29th - August 5th, 2008 ICHEPOS8 12



Z+b jets Production

O L=2.01{b! _Zrbet. COF RUNII Preliminayy el
. NE 140:_ l | M I- CDI|: da‘[aI E
[0 Z events selected with ee/pp & 1ol SecVitx | [lightjets
. . . . . e - Vs=1.96 TeV [ cjets 7
[0 Db-jet identification: Tight 2 '*F Efzﬂ::v bjets -
secondary vertex tagging “F In"<13 N=193t23
sof- N=147454
b, ¢ and light fractions ol =273 1
determined from the template — F e
fit of the secondary vertex uf — e .
mass distributions oo w2 s 3 (i)
E €20 GeV, |pi¢l<1.5 NLO
Measurement PYTHIA Alpgen NLO
R;.=0.7 + UE + hadr.
o(Z+b-jet) 0.86 £ 0.14 £ 0.12 (pb) 0.51 pb 0.53(pb)
o(Z+b-jet)/ o(Z) 0.336+0.053+0.041 %  0.35% 0.21% 0.21 % 0.23 %
o(Z+b-jet)/ o(Z+et) 211+033+£034%  2.18%  1.45%  1.88% 1.77 %

Data somewhat higher than NLO predictions. NLO vs PYTHIA differences not
well understood yet. In touch with theorists.
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Z+b jets Production

«107 Z+ b jet. CDF RUN Il Preliminary 10 Z+ b jet. CDF RUN Il Preliminary
1.’;0.13_—'"'|'"'|""|""|""|""|""|""—_ 1,1::' L L I A N A DA R =
8 oisb V=196TeV o CDF Data E 3 *F NE196TeV o CDF Data E
- Lo —FYTHAINd. ]  sE L-20f6"  _ oyvhaing,
§ 01 Er-208eV _ ALPGEN ERRL Er-20GeV _ APGEN =
© g1zf In™|<1.5 B 0 F *|<1.5 E
= = 1 e MCEM ] ek + | 1 1 e MCFM =
R —— MCFM +Had Corr — wF —— MCFM +Had Corr. -
g E +Ma o E E o | +Ha o _:
2 e E 5 wf 3
2 005 = % _F |
o o.aak ] = b SR N e U =
O T S S ERE - =

u.uz:_ __ 1u E'_ IIIIIIIIIII :

- o Ll Ll Pul el .i.'l. [ 3 i EPETENTS RN IPSPIPET APUNTA AP Ly

% 30 40 50 60 70 80 100 ] 10 20 30 40 50 60 80 g0 100
EF' [GeV] P [GeV]
107 Z+ b jet. CDF RUN Il Preliminary
N = T T B . . .
5 sk GE98TeV o ooFDma - [0  First measurement of differential
g F '-;2”“"1 —— PYTHIA incl. - distributions.
i Ef,fn Y ALPGEN -
o b s MCEM ; 0 Alpgen (LO) and NLO pQCD
= —— MCFM +Had Corr. predictions too low at low E
) R S— = [0 Interestingly, Pythia (LO) predictions
- - reasonable in some kinematic regions.
11— —
u: 1 _! ﬁ
1 2
Number of b jets
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% Photon+b jets production

Motivation:
[0 Sensitive to b-content of proton PDF b v

[0 Many new physics models lead to photon+b
final state: g

B Technicolor: @, — ym;. — jbb

B SUSY:eq.7'7,.7 = th—>bcy’, 7. = 7,
B 4% generation, excited b-quark
u

Strategy: EM calorimeter (CEM)

[J Photon identification

B Statistical separation from 7 © based on
measured shower shape

B Purity ~ 60% at p;.7=26 GeV/c (CDF)

[0 b-jet identification
B Tight secondary vertex tagging Preshower (CPR) Showermax (CES)
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o(y + b: [n,|<1.1, [ |<1.5, Et,>20) (pb/GeV)

Photon + b Jet Production

= - _ gMR(0>07.n()I<1.1, h()I<1.5, Ex(j)>20 GeV
4; COF Run Il Preliminary % CDF Run Il preliminary
- ¢ Data:L~340 pb'1 (@) —e— Data (L=208pb’)
3.5 --I B —— Pythia MC
- Pythia CTEQSL Q
- . S
30 e = 4 +
- Herwig CTEQS5L E
250 ke I - = | SVT(silicon vertex
- nclusive y dataset o I e _
2 o trigger)+ y dataset
- I (trigger on both
1.5 T o :
: = photon and b-jets)
1 | E +
- I
0.5
0% IR AT N T N I L1 i| T T I | P S R B
30 40 50 60 70 20 40 60 80
Photon Et (GeV) Photon ET (GeV)

E.*down to 12 GeV

In reasonable agreement with Pythia (LO) predictions.
Waiting for NLO pQCD calculations for this process.
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Photon + HF Jet Production

b/c /4

b/
[l Photon p;: 30 — 150 GeV/c
[0 Rapidities: |y[<1.0, [y¢4<0.8

B yryet>0:0.01<x,<0.03, 0.03<x,<0.09
B yr-yiet<0:0.02<x,,X,<0.06

[0 Measure triple differential cross sections.

d*o /(dp7.dy” dy’*")

L CTEQ66M.p  =p!
| NLOpQCD

L=

1 fb?

|

> i g bict, 1
o 10 D@ Run II Preliminary ey y'>0

E -1
= F Li,=1.0fb m oy Yy <0
=9 £
_;A 1E (x3.0) -@:
= T Iy <08
= - Iyl <10

b b jei -

;:.10.: Yy p, " >15GeV
\6 e .-
L 2 -, g
10 e oy

; ) "

[ CTEQ6.6M.u,, =o'

10° - NLOpQCD —
10-‘ 11 I L1 1 I L1 1 I L1 1 ] 1 1 | 11 1 | L1 1 | 1
20 40 60 80 100 120 140

Z t D@ Run Il]Preliminary o yyT50
% o Lim =101 n )_-*J'L“),T‘(O
2 -
= 10F (x3.0) & .@
- r . ly <08
> 1E LN Iyl <10
= F L P > 15Gev
= ';.l:l— ‘\.__:._
"'-b )
-]

i BT BRI

20 40 60 80

100 120 140

pr (GeV/c)
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Photon + HF Jet Production

E Wl <10 D@ Run II Preliminary |[ i i D@ Run II Preliminary
=16 ¥ . L =10 L vl < _ bl
= |\-MI| <0.8 im = 1+ I!II“II <08 Lml—l.(]l
%14_ }(yh]tl S0 ¥ +bjet L bt <0 "{+bjet
= I S e A | N S A S ————
. 12
Photon+D: :
Agreement over full p” i T f
. "'[ —a— Ratio of data to theory - ; ’
range: 30 — 150 GeV/c ogF  CTEGH6M PDF uncerainty e
[ - ICBHPS Model ratio to 6.6M [ ===~ IC BHPS Model ratio to 6.6M
[ D £ ea-like el ratio to 6. [ e i
04 IC Sea-like Model 6.6M i IC Sea-like Model ratio to 6.6M
I Scale chcnd’mcc [ -----o- Scale dcpcndcncc
E (u = = =0.5p, -dep) - (u u u 051: andlp)
. e e P PSP PrTE 21 o TN T T P T
Ph0t0n+c‘ 0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
< — ; [ — 7
’Y [ —a&— Ratio of data to theory Iy | <10 |f —m— Ratioof data to theory ly |_ <1.0
. Agree Only at p T <50 GeV/C §4.5— CTEQ6.6M PDF uncertainty I) "I <08 - CTEQ6.6M PDF uncertainty Iy 08
. . ~ b ==-- IC BHPS Model ratio to 6.6M y‘f"m =0 Loweeeees IC BHPS ratio to 6.6M vy ko0
| Dlsagreement Increcascs 8 4 - 1C Sealike Model ratio to 6.6M - ot IC Sea-like Model ratioto 6.6M |
(=1 h wa Seale dependence : -------------- Scale dependence
Wlth photon pTy 350 (1= =1 =0.5p and 2p]) E e =0.5p! and 2p))
. ) o 3f D@ Run II Preliminary . - DG RunI Preliminary 1
B Using PDF including the psl Lu=10D’ ‘ E 1 =10
. .. T v+cjet 7+ cjet
intrinsic charm (IC) N3 3
improves the p’ 15f 3
T - .
0'5”_...1..11“1I...|. i I A —..\J...J;HI..JIH.IH.I.”M
0 20 40 60 80 100 120 140 0 20 60 80 100 120 140

p (GeV/ c)
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* W + Single ¢ Production

Motivation: (d,s,b)

[0 Probe s-content of proton at high Q?

m g+s~09,g+d~0.1.
[0 Important BG for top quark studies,
searches for Higgs, stop...
Strategy: | g 0999999& |
0 W— Il+v selected by high py e,y + Charge correlation
MET
[0 Charm-jet identified by the soft Soft lepton tagging (SLT
lepton (muon) tagging (SLT)
algorithm.
[0 Utilize charge correlation between W

lepton and SLT muon.
B  In W+c production,

opposite sign (OS) > same sign (SS). @ Main OS-SS backgrounds
B In W-+bb(cc), same sign (SS) ~ OS.

[0 FakeW
NO3-s5 N O5=53 0 W+light jets
GW+C % Br(\N N |V) _ measured bkg ght]
LxAxeg [0 Drell-Yan
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W + Single ¢ Production

e Data (~1.8 b’
[ 1Wec

I W+LF

[] Other

— —
o no
] o
[ [

o]
(=]
T T T T T T T

s
o

N
o
T

0S-SS Events / 3 GeV/c

o

overflow bin

)

- - —
o N B
o o (@]
T T T

E e Data(~1.8fb")
¥ [ ] Wec
- [ W+LF

] Other

(0]
o
TT T TTT

overflow bin

N
(@] o
T T 1 T

o

5 10 15 20 25 30 35 0 05 1 15 2 25 3 35 4 45

SLT muon p,[GeV/c]

0OS-SS Events / 0.4 GeV/c

SLT muon p, . [GeV/c]

Total: 298 events, W+c = 149 * 42 + 15 events.

Measurement (p;~>20 GeV , | n
O w..' BROW—=IV) =9.8 & 2.8

NLO pQCD prediction:
11.0 ¥4, pb

J<1.5) :
(stat) 14, . (syst) = 0.6 (lum) pb

In good agreement

Phys. Rev. Lett. 100, 091803 (2008).
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W + Single ¢ Production

[l Measure the ratio Oy, /Oy o0 —
Many systematic uncertainties 0, 60 ®) L=1f"
50
cancel. < o { o
[0 Measurement made as function of é)\zg = Wit
: _ W-+bb
Jetpr ) 12:‘"‘:‘: ..... pres P s
Z E— | \_1_ \477 | |
T R S S R
Muon p_rl_e' [GeV]
[0 Measurement (p*>20 GeV/c, [, [<2.5) : 02 50
Ow ¢ +0.012 3 L=1fb"
———=0.074£0.019(stat.)" 4 (syst.) 0.16 -
OWw 4+ jets - 30'14; ----- Alpgen (v2.05) + Pythia (v6.323)
i .. T So0.12-
Alpgen+Pythia prediction: ;; 2 01- 4
0.040 £ 0.003 (PDF) glgeos
0.06 —
In reasonable agreement 004° o
0.02;
0 ol . S ‘
arXiv:0803.2259 [hep-ex] 10 jetp_0eV]
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Conclusions

[0 Good understanding of vector
boson + heavy flavor jets
production is critical for physics
analyses at the Tevatron and at the
upcoming LHC

[0 W-+single ¢ and y+b measurements
well described by the state-of-the-
art recent theoretical calculations

[0 However, W/Z+b-jets and y+cC-jets
measurements are not well
described by current theory
predictions.

More development in theoretical
calculations and more accurate
experimental measurements are
critical!
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