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Introduction

¢ Definitions:
»V=W,7Zy
» HF = c-, b-quarks

¢+ V+HF understanding are very common backgrounds
for many analysis : Higgs, single-top, top pairs
» Important to check the theoretical predictions

+ Today:
» WH+C
» W+b
» Z+b
» y+Db/c
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W + C
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W+C

+ Sensitive to s-quark content in protons (high Q?)
+ Select high pT isolated lepton (e or u) + missing E..
+ Use a soft lepton tagger to identify the c-jet

» Signal: lepton from W and u in c-jet have opposite sign (OS)
» Background: no correlation #0S =~ #SS (same sign)

90% s, 10% d

+ MC: g

» CDF: alpgen(v2.1)+pythia(6.3) [CTEQS5L]
» D@: alpgen(v2.05)+pythia(6.323) [CTEQG6L]

g G
@99999 \\ Charge correlation

Soft lepton tagging (SLT

| 4

¢ Subtract SS to OS :
NOS—SS . NOS—SS

i % BRI =) = tOtAcc f Lt;;g ******
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W Results

¢+ CDF (1.8 fb):

A4

owe (pre > 20 GeV/e, |n.| < 1.5)xBR (W — ()
= 9.8 +2.8(stat)*'*  (syst) pb

NLO pQCD= 11.0+4_ pb

Good agreement

PRL 100, 091803 (2008)

| CDF Il Preliminary

overflow

Dul:_....l....I....I....I....I....I....I....I....I....

0.5

1 15 2 25 3 35 4 45 5
SLT muon pt relative to jet axis [GeV/c]

o(pp — W+c-jet)
o(pp —» W+jets)

D@ (1 fb1):
» Ratio W+c / W+If

» Good agreement
PLB 666, 23 (2008)
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W+ Db
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W+b

MC: alpgen(v2.10)+pythia(v6.325)
Fit the vertex mass distribution
with\templates to determine the different contributions

¢ Select an isolated lepton (e or u)

¢ Missing transverse energy > 25 GeV ¢ b
¢ 1 or2jets: pT>20 GeV, |n|<2.0

¢ Secondary vertex tagger b
@

@

q w

Vertex Mass Fit

‘:U_‘QO :— CDF Run Il Preliminary - 1.9/fb
> r | 4 Data

d"80— ks o

(V] o l | — bottom contribution
. F [-‘ i ——— charm contribution
o7 I} ‘; "

‘a & N = LF contribution
"650:— :.5 I % === Summed contribution
- ' :

- | “ b= 713+ 4.7(stat) = 6.4(syst) %]
s0[- e 'y c = 15.9 & 5.5(stat) %
] | LF = 126 + 3.5(stat) %

KS Prob = 84.8 %
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M, (GeVic?)
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W+b

¢ Select an isolated lepton (e or u)

¢+ Missing transverse energy > 25 GeV ¢ b
¢ 1 or2jets: pT>20 GeV, |n|<2.0

¢ Secondary vertex tagger b
¢+ MC: alpgen(v2.10)+pythia(ve.325)

+ Fit the vertex mass distribution q W

with\templates to determine the different contributions

Vertex Mass Fit Measure:
i N‘u R 0=2.78+0.27(stat)+0.42(syst) pb
| TEET | Alpgen: 9=0.78 pb
b R
o g I Factor ~3.5 larger than expected
?:f Investigations are underway

M, (GeVic?)
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Z+ D
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Z+b @CDF (2 fb!) @

® @ @ @

Same strateqgy as for W+Db
Z-eeluu, 76<M<106 GeV
Jets: pT>20 GeV, |n|<1.5

MC: CTEQ5L+
» alpgen+pythia or

» Pythia
Fit the vertex mass distribution
Z+ b jel. COF RUN I Preliminary

L N R I SR AR R

: F Positive Tags * CDFdata 2

S 120 [Jlightjets

e \E=1.96 TeV [Ccjets

‘_:;. 100~ L~20fb" b jets -

3 EF'>20 GeV B
= n*|<1.5 N=193+23 ]
sof N=147:54
mf— N=273143
o E
Y R 25
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Z+b @CDF (2 fb 1) ‘“:?—‘”'"";””’T‘FDF'Fﬁ'.lﬁ'"‘"ifarim":
+ Same strategy as for W+b :: s AP :
+ Z-eeluu, 76<M<106 GeV I e
+ Jets: pT>20 GeV, |n|<1.5 u:j et pT| E
¢ MC: CTEQ5L+ e . -

111 1 I Il 110 I 11 11 | 110 I.I 1 110 rl 1 I1 11 1 rl L1 1
ZU 30 40 50 60 70 80 90 10C

> alpgen+pythia or [Ratios Z+b/Z+...] =
» Pythia

«107 Z+ b jet. CDF RUN Il Preliminary
. . . . ﬁ- :' LR L L DL L L LR DL AL L B
o 61—
¢ Fit the vertex mass distribution = ¢ =196 TeV o COF Data
N L~20fb .
= F — PYTHIA incl. ]
Z+ b jel. CDF RUN I Preliminary i s I J et n I E*'>20 GeV —
o 140_—' """"""""""""""""""" CDE 'd' ‘ItEI[I — o = |I]Pt|~:'| 5 — ALPGEN |
: » P -1- T L ] | -;“ — -
E 2 ositive Tags Clightie's = Y s PPS MCFEM ]
s b wssTev  [ojets 3 P —— MCFM +Had.Corr
% = L;Z.Ofb I:ijets ] E’ 3__ =
3 EF'>20 GeV 3 [+] .
0 In*¥<1.5 N=193:23 z ' |
sof N=147:54 2 —
wkF N,=273443 ] e e 1 .
Z’E— _E "w rreereervergrrrerereeT r
o os 1 s 225 s : u" P EETRRTRT R R BRI SRS BRI B
"W, (ceVic) 0.2 04 0.6 08 1 EF3 1.4

|

Ratios Z+b/Z+... = 3.32+0.53(stat)+0.42(syst) x 103
MCFM: 2.3x103 [Q?*=m_2+pT,?] / 2.8x1073 [Q*=<pT *>]
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y + b/C
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y + b/c @ DO

¢ 2 main sources:

» O:

+ Dominant in a large kinematic range
+ Mostly sensitive to b/c/g density (—pdf)

» @:

+ Dominant for pT(y)>80-100 GeV

+ Analysis performed in 2 kinematic regions:

» yryet>0: different x, and x,

» YYyet<0: similar x; and x,

w a|vet
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y + b/c @ DO

+ MC: pythia (6.323), CTEQ6L1

+ Selection (1 fb?):
» |y7|<1.0, |y*<0.8
30<pT(y) <150 GeV, 15<pT(jet) GeV
AR(y, jet)>0.5
» Missing energy < 0.7*pT(y) [against W-ev]
» Neural network for photon identification [against 7°, p]
» Neural network for b-quark identification

+ Fit r/LIP to estimate the different contributions
» rJLIP: input variable of b-id NN

v

v

30<pl < 40 GeV 2 250 90 < p; < 150 GeV

s
@ data
—- MC b-jets
r —&— MC c-jets
4000— light jets (NT data)
C = b+c¢ MC + NT data

g 6000

5000 200

150

3000F
D@ Run II Preliminary

r 100: v A&
2000 C
1000~ =0




Results (submitted to PRL)

¢+ Cross-section is unfolded (taking into account the detector resolution)

. 0 ------- NLO QCD : +.-.-
RS CTEQ 6.6M 0.8f

- B i S18FDg, L =107 y|<08 [ yy*<0
N _ v, jet 518FDO, L =1. ly"™| <0. AR
- DO, Lint 1.0fb °yy~ >0 2 B e ly'l <1.0 E y+b+X
7y et F1oF vy >0 S 15GeV |
10 = ® my'y <0 S14F Y+b+X Py = &Y E
= 3 © C S N N R —
o % 1 SN e
e S S -

d’s/ (dp'dy'dy ™) (pb/GeV)

ol - —e— data/theory g
uR,F,f_ p-|- 06 . CTEQ6.6M PDF uncertainty [
107 E 0.4 mimumim IC BHPS / CTEQ6.6M -
g +b+X . 02F == - IC sea-like / CTEQ6.6M
. » v ‘@ . ® Eoo Scale uncertainty E
B N S I T T
! E vy >0 F vy <0
10 2 3 L ) LB (x3.0) 3.5 F y+Cc+ X E y+Cc+ X
= 3F -
- e - (x1.0) :
-3 |y | <1.0 ~E B
=, et T g 2t 3
- ly1<0.8 o ® (x0.3) T * S b

1.5F -

10 & pj:t > 15 GeV I (x0.1) 1;——+'—'::§—."%'3'—*—"3'1"3'3'1"3'3'3"-"'—"1"'-'"—'":"—'"—'"'—"— —##"—"—'—::-—-—-:::'—‘"""

III|III|III|III|III|III|III|I 0.52_ i_

20 40 60 80 100 120 140 S
40 60 80 100 120 140
p¥ (GeV) 4 60 80 100 1231(1;4:\,)

+ y+b in agreement with NLO
¢ y+c shows discrepancies for pT(y)> 50-70 GeV

+ Complementary to W/Z+HF w
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y + b @ CDF

¢+ 340 pbt
¢+ MC: pythia tune A, CTEQ5L
+ Same method as D@:
» 20<pT(y), 20<pT(jet) GeV, [n(jet)|<1.5
» Secondary Vertex Tagger (- select b-jet)
» Fit secondary vertex mass - measure the composition

¢+ Results in agreement with predictions

[72]
T - CDF Run Il Preliminary S B
2 400 _ @ - CDF Run Il Preliminary
@ * Data: L ~340 pb” Q 4
o 350 _ 4 - . , -1
2 B fraction = = Data: L ~ 340 pb
n _ = 3.5 --I
300— C fraction ‘)\‘n - L Pythia CTEQS5L
c . . = 3
C w -
250 || tigntfraction s Herwig CTEQSL
E v 250 s
200 — =
: £ o
150 = :
C ¥y 151
100— S _}_
a ‘H:h 5 1
50— + o
C L - —
- -y % 0.5
0 1 _."-.-".'_u.r-.J I r
0 0.5 1 1.5 2 25 3 3.5 4 45 5 ot | | |

1 1 | | 1 1 1 1 | | 1 | | | | | 1 1 | 1 ‘ | 1
— Mass of secondary vertex (GeWcz) 30 40 50 60 70 —
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Conclusion

+ V+HF are important background
¢+ Tevatron results with differential distributions
+ Often agreement between data and predictions

+ Some discrepancies:
» W+b
» y+C
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Backup
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W+c: systematic uncertainties (CDF)

Source Factional Syst. Unc. |Contribution to ow.
Lepton ID and Scale Factors +1.4% F1.4%

SLT tagging Efficiency +5.1% F5.1%

Jet Energy Scale +1a(JES) +3.3/ — 2.1%
PDI’s +3% F3%
Hadronization +4.6% F4.6%
[SR/FSR -4.4/4+7.7% +4.4/-7.7%
Pr Modeling +3% F3%

WLE +13.6% F4.5%
non-wW +29% F8.6%
Drell-Yan +13.0% F3.7%
Luminosity +5.6% F5.6%

Total (not including luminosity) +14.4/-15.5%
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Z+Db: systematic uncertainties (CDF)

Source of Uncertainty Uncertainty (%)
MC EL';L dependence 8.0
MC 7®* dependence 2.8
track finding efficiency 5.7
b quark fragmentation 0.8
bb/b, cé/c jet fractions 3.8
light jet template 1.7
b-tagging efficiency 5.3
jet energy scale 2.4
misidentified lepton background 1.9
other backgrounds 0.8
total 13.7
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y+b: systematic uncertainties (region 1)

E — Main systematic unf:ertainties D@ Run II Preliminary
E 0.35 [T SEss Photon fraction
N e Heavwy flavour fraction
E - Photon selection efficiency
0.3 [ == Jet selection efficiency
8 S FPhoton energy scale
g [ —— — Luminaosity
0.25 — Total
0.2
0.15
0.1 .
0.05 - T RS ) T
u : 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 | 1 | 1 | 1 | |
0 20 40 60 80 100 120 140
p, (GeV)
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