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Introduction

• Z—>bb is important
✦ Understanding the background of many physics 

processes, eg. H—>bb...
✦ Determine the B jet energy scale, benefit the top 

quark mass measurement...
✦ Understanding B-tag, b jet trigger...

• It’s difficult to measure
✦ No un-prescaled di-jet trigger
✦ Background determination is tricky: 

✤ S:B ~ 1:30 after all cuts
✤ Mass peak in turn-on region
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• Data taken from July 2002 to April 2004(p14)
✦ “Bad” event removal
✦ One “loose” offline reconstructed muon, pT>4 

GeV/c, matched to a jet within ∆R(r, φ) < 0.7 
to enchance the signal content.

✦ 90M events, ∫L ≈ 300 pb-1

• MC
✦ 82k PYTHIA generated Z—>bb
✦ Pass through full simulation, p14 RECO software, 

corrected for b-tag.jet ID data/MC efficiencies

Data Set
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Event Selection

• Cuts on the data set
✦ Only 2 “good” jets, both |η|<2.5 and pT>20 GeV/c
✦ Both jets are taggable for the b-tagging
✦ Primary vertex have >= 4 tracks within ±35cm in z
✦ The 2 jets are “loosely” secondary vertex b-

tagged(SVT)
✦ ∆φ>2.5 between the 2 jets

• Main backgrounds
✦ Mistag of the light flavor jets (B1), QCD bb production 

(B2). Before b-tag, Signal S<<B2<<B1. 
✦ After single b-tag, B2/B1~0.1. After double b-tag, 

B1~10% of whole sample, but still S:(S+B)~1:30
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Estimate the Background

• B1 and B2 can not be simulated accurately enough 
in the quantities required.

• Derive the background from the data using 
single/non-tagged events
✦ Measure the Tag Rate Function (TRF) — per jet b-

tag probability, for single/non btagged events
✦ Apply the TRF to the single/non btagged events
✦ Due to the different b-tag rates of S/B1/B2, the 

di-jet invariant mass distributions of SVT tagged 
and TRF tagged events will show differences

✦ The S peak can be derived from these differences 
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• Assume S/B1/B2 have inv. di-jet mass distribution before/
after the single b-tag cut:

• The per jet TRF measured in data is

• Apply the TRF back to non-btagged events, “0-1” correction:

B1
B2

S

B1=106

B2=104

S  =102

Before B-tag

B1
B2

S

B1=104

B2=103

S  =101

After direct SVT Single B-tag

TRF =
104 + 103 + 101

106 + 104 + 102

B1
B2

S

B1=TRF*106=10900
B2=TRF*104=109
S  =TRF*102=1

Apply TRF to non B-tagged events

∆B1

∆B2

∆s ∆B1=-900≈-B2

∆B2=891≈B2

∆S  =9≈0

SVT-TRF single B-tagged events

A Toy Model—Single Tag
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∆B1

∆B2

∆s ∆B1=-83
∆B2=82≈-∆B1

∆S  =10≈S

SVT-TRF single B-tagged events

B1
B2

S

B1=104

B2=103

S  =101

After direct SVT Single B-tag

B1
B2

S

B1=TRF*104=183
B2=TRF*103=18
S  =TRF*101=0

Apply TRF to Single B-tagged events

S

B1 B2

B1=102

B2=102

S  =100

After direct SVT Double B-tag

TRF =
102 + 102 + 100

104 + 103 + 101

A Toy Model—Double Tag

• Assume S/B1/B2 have inv. di-jet mass distribution before/
after the second b-tag cut:

• The per jet TRF measured in data is

• Apply the TRF back to 1-btagged events, uncorrected signal:
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A Toy Model—Getting Signal

• B1 is always out when looking at the differences 
between direct tag and TRF tag

• “0-1” correction is due to the different tag rate 
and invariant mass distribution of B1 and B2. The 
effect of S is relatively small

• The uncorrected signal has the nearly un-altered 
S peak and scaled down “0-1” correction

• The S peak is the uncorrected signal subtraced 
by properly normalized “0-1” correction 

• 9.2 in our model, compared to 10
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Signal Contamination Correction

• Rid of the signal effect on TRF’s, “0-1” corrections in 
both single and double tagged SVT/TRF differences:

• Using iteration technique:
✦ Get the signal peak in double tagged event, scale it 

by 6.5 (from MC) to get the single tagged signal
✦ Get fraction (f) of signal in each di-jet invariant 

mass bin, re-weight events in each bin by (1-f)
✦ rederive the TRF, apply it to re-weighted events
✦ Get the new signal peak and repeat the procedures
✦ This correction to “0-1” correction is done in the 

same way
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• The TRF’s are measured as a function of jet 
ET in 3 η region and applied to single/non 
tagged events as event weights

a new signal peak is observed. This correction process is then repeated, using the new signal peak
to estimate the Z → bb̄ events in the untagged and single-tagged data samples, a total of three
times, after which the correction and signal peak are stable.

6.1 The 0 → 1 tag Shift

As described above, the shift in the invariant mass spectrum of the dijet system caused by applying
a single b-tag is first measured. Later this will be subtracted from the estimated background of
the double b-tagged data. A TRF is derived on the untagged sample (see Figure 3) and re-applied
to the same untagged data sample, to predict the background to the single-tagged data sample, as
shown in Figure 4. A comparison is also shown in this figure to the bb̄ MC dijet invariant mass
spectrum (which was normalized using double-tagged data). The bb̄ events make up about 10% of
the single-tagged data sample, as opposed to about 2% in the untagged data sample. The small
contribution of Z → bb̄ expected in the single-tagged data is also shown. Most of the events in the
single-tagged data sample contain only gluon/light-quark jets.
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Figure 3: The TRF’s derived on the untagged data sample, which are used to estimate the single-
tagged background. Each TRF is a function of corrected jet pT in one of three η-bins: η < 1.1,
1.1 < η < 1.5, and 1.5 < η < 2.5.

The difference between the single-tagged data and the expected background from the TRF is
shown in Figure 5. A comparison of the background-subtracted single-tagged data to the MC
Z → bb̄ invariant mass distribution shows that it is not the result of a signal peak in the single-
tagged data, but rather an overall shift in the invariant mass distribution. As mentioned above,
this shift is understood to come from either a difference between the gluon/light-quark and the
b-quark jet energy scale factors or a difference in the ratio of true cross-section of heavy-flavor jets
to light-jets as a function of dijet invariant mass.
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in Figure 6. The resulting estimate of the double-tagged background is compared to double-tagged
data and shown in Figure 7.
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Figure 6: The TRF’s derived on the single-tagged data sample, which are used to estimate the
double-tagged background. Each TRF is a function of corrected jet pT in one of three η-bins:
η < 1.1, 1.1 < η < 1.5, and 1.5 < η < 2.5.
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Figure 7: The comparison between double b-tagged data (points) and the expected background,
from the TRF method using single-tagged data, before either of the background corrections (0 → 1
or Z peak).
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TRF form non-tagged events TRF form single-tagged events

TRF in Real Life

10

•••• 1.5<η<2.5
•••• 1.1<η<1.5
•••• η<1.1
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histos_1
Entries  909770
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Figure 4: Comparison between the single-tagged data and the background expected using the
TRF method. Comparisons are also shown to the bb̄ MC dijet invariant mass spectrum (which was
normalized using double-tagged data) and to the Z → bb̄ MC dijet invariant mass spectrum, to give
a feel for the composition of the sample. The rest of the events are thought to be gluon/light-quark
jet events.
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Figure 5: Difference between the single-tagged data and the background expected using the TRF
method, a measure of the 0→1 tag shift, which will be subtracted from the expected double b-tagged
data (after proper normalization). The difference is also shown after correcting for the expected
Z → bb̄ events in the untagged and single-tagged data samples, using the methods described below
in Section 6.3.

6.2 The Double-tag TRF

To estimate the double b-tagged background, a set of TRFs are derived as a function of corrected
jet pT for 3 η-bins from the single-tagged data and reapplied to the same data. The TRFs are shown
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B1/B2/S in Real Life

• Comparison of direct SVT single tagged vs. 
TRF single tagged events
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• “0-1” correction is clearly different from the 
Z peak. And the effect of S is small.

histos_1
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Figure 4: Comparison between the single-tagged data and the background expected using the
TRF method. Comparisons are also shown to the bb̄ MC dijet invariant mass spectrum (which was
normalized using double-tagged data) and to the Z → bb̄ MC dijet invariant mass spectrum, to give
a feel for the composition of the sample. The rest of the events are thought to be gluon/light-quark
jet events.
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Figure 5: Difference between the single-tagged data and the background expected using the TRF
method, a measure of the 0→1 tag shift, which will be subtracted from the expected double b-tagged
data (after proper normalization). The difference is also shown after correcting for the expected
Z → bb̄ events in the untagged and single-tagged data samples, using the methods described below
in Section 6.3.

6.2 The Double-tag TRF

To estimate the double b-tagged background, a set of TRFs are derived as a function of corrected
jet pT for 3 η-bins from the single-tagged data and reapplied to the same data. The TRFs are shown
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The Real “0-1” Correction

12



H. Dong, 30-Oct-06 DPF’06 Meeting, Hawaii

 / ndf 2χ   9.75 / 9
Constant  42.2± 226.3 
Mean      2.23± 81.02 
Sigma     2.09± 10.73 

 (GeV)01m
50 100 150 200 250 300

-100

-50

0

50

100

150

200

250

300

 / ndf 2χ   9.75 / 9
Constant  42.2± 226.3 
Mean      2.23± 81.02 
Sigma     2.09± 10.73 

 Run II Preliminary0D

Integral 1168 events

Figure 10: The final Z → bb̄ peak derived from data, after all corrections (black), compared to the
shape of the Z → bb̄ distribution in MC (blue).

The Z peak in the trigger-selected data is shown in Figure 12. 651±174 Z → bb̄ events are
observed, compared to an expectation of 754±151 events, assuming a trigger efficiency of 80±20%.
(The logic is: 1405 events were expected from MC before trigger selection (970/244250 * 1180 pb *
300 pb−1), using the efficiency from Table 5, assuming an integrated luminosity of 300pb−1 and a
cross-section of 1180 pb for pp→Z → bb̄ at

√
s = 1960 GeV. This is then multiplied by the fraction

of time the trigger fires, 67%, and the trigger efficiency, 80±20%.)

8 Conclusions

We have extracted a Z → bb̄ signal in the p14 PASS2 data. Using approximately 300 pb−1 of data,
an excess of 1168± 217 (stat.) events have been observed over the QCD background. The position
and width of the observed mass peak are in agreement with MC expectations. The expected
number of events, after trigger selections, is also in good agreement with the excess observed in a
trigger-selected data subset. Also worth noting is the interesting small excess around di-jet masses
of 140 GeV.
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Final Z Peak

• MC expect Z peak position 83.3 GeV, width 13.0 GeV
• After the “0-1” correction and signal contamination 

correction, data and MC agree reasonably well
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Signal
Efficiency

Relative
Error

Trigger
Efficiency ~20%

# of Jets 7%

Jet Energy
Scale(JES)

+8%
-6%

B-tag 12%

Total 25%

Signal
Position

Relative
Error

“0-1”
Correction 5%

Total 5%

Uncertainty of 
signal width is 
dominated by 
statistical error. 

Signal
Size

Relative
Error

Signal
Contamination

Correction
10%

“0-1”
Correction

+10%
-0%

Total 13%

Systematic Uncertainties
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Conclusion

• Z—>bb signal in ~300 pb-1 of data is observed over the 
QCD background to be 

1168±217(stat.)±150(sys.), ~4.4σ
• The position 81.0±2.2 GeV and width 10.7±2.1 GeV are in 

agreement with MC position 83.3 GeV and 13.0 GeV 
respectively

• The observed number of events after selecting a specific 
trigger (651±174) agrees with the expected number of 
events from MC (754±151)

• With the new Silicon Track Trigger (STT) and trigger term 
for Z—>bb and increased luminosity, several times more 
data has been collected, expecting improved uncertainties 
and hope for precise measurement. 
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