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Rb at LEP and SLD

ByY =T /T haa

AR, /R, (combined) ~ 0.002

~ 50% (syst) 50% (stats)

ALEPH mult
1992-95

DELPHI mult
1992-95

L3 mult
1994-95

OPAL mult
1992-95

SLD vtx mass
1993-98

LEP+SLD

— 0.2158 + 0.0009 + 0.0009
= 0.21643 = 0.00067 £+ 0.00056

A— 0.2166 + 0.0013 + 0.0025

X 02176 £0.0011 + 0.0012
—r 0.21576 = 0.00094 £ 0.00076

0.21629 = 0.00066

Is 10, 100x better than LEP possible?
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Double-tag method (ideal case)

fs = e Ry 5
_J5 d fp
5 eg R X Ry = = and € Fu

e Measure ratio of single and double tag hemisphere:

o fg, fy
Advantage:
e Simultaneous extraction of: R , €_ Measure directly
b-tagging efficiency
from data

Expected stat. precision ~ (ARb> ~ VN(Z =5 bb)  ~1e-6
Rb stat :

€



Double-tag method (with hemisphere correlations)
https://arxiv.org/pdf/hep-ex/9810002.pdf
fS = 6bRb T 6cl'zc I euds(]- - Rb - Rc)
fo=1+Ch)etRy+ (1 + C.)e2Re + (1 + Cugs)eogs(1 — Ry — Re)

e Measure single and double tag fractions : fg, f,
e Extract POls: Rb, €,

Input from MC:

Advantage:
| Measure directly
e Mistagrates: €, €, b-tagging efficiency
e tag correlation coefficients: C_, C_, C . from data
e theory: R,

Expected stat. precision ~ 1e-6


https://arxiv.org/pdf/hep-ex/9810002.pdf

Assumptions and selection

o 2 years at sqrt(s) = 91.188 GeV
o o(ee— had) = 30050 pb (at NLO QCD)
o N(ee— had) = 1.13e12 events

o no backgrounds (ee —»171) <0.1%
o no “had” preselection (E ., N, _..)
o neglecting bias introduced by
preselection

Selection
e N =2 Durham k; clustering
e cos(0;)<0.7

Efficiency ~ 60%
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Impact of systematics on
R, and g_precision



B-tagging efficiency and correlation

b-tag efficiency as a function of score

@ b-tag (single)
004 @ btag (double)
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Working
points:
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b-tag correlation as a function of score

Pb =

6;)louble-tag

(Fsiugle-tag)2 1+ Cb

()

b-tag corr.

— VVI:; €p = 96%, € = 3%, €uds = 0.6%, Cb = 0.25%
—— VL : ¢ = %4%, €. = 1%, €4, = 0.3%, C, = 1.1%
— L:e=91%, e =0.5%, €us = 0.2%, C, =2.5%
— M €p = 87%, € = 0.2%, €uds = 0.08%, Cb = 3.4%
— T €p = 77%, € — 0.08%, €uds — 0.03%, Cb = 7.0%
VT: ¢ = 63%, €. = 0.04%, €45 = 0.02%, C, =9.9%




Sensitivity to C_ AR, | AC, _ G _AG, A _

B 1+6:  1+6; 6 Cy
Sensitivity of A8 vs A% Sensitivity of 2% vs, A%
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e Loose tagging WPs are preferred to minimise syst. of C, to R,



Sensitivity to charm mistag rate

Sensitivity of % vs. Bt Sensitivity of 2% vs, &
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e Tight tagging WPs are preferred to minimise impact of charm mistag



Comments

e Assuming all systematics of the same size (and independent of
the tagging purity), largest sensitivity
© Cb>€c> auds> CC>C|

e To minimise impact of systematic uncertainties, trade-off
between possible b-tagging working points of various purities

o C, prefers loose tag WP

o mistag rates prefer tight WP



Systematics at LEP (OPAL)

(9

https://arxiv.org/pdf/hep-ex/9810002.pdf

Correlation C® — 1 (%) Vertex Combined
Same hemisphere events | 0.02 +£0.02 —0.03 £ 0.02
Momentum correlation | 0.04 + 0.05 0.06 £ 0.03
Geometrical correlation | 0.88 £ 0.02 0.71 £0.02
Component sum 0.94+0.06 _ 0.74+0.04
Overall correlation 0.834+0.20 ' 0.93+0.17 ,

Source Ae/e (%) Ae'¥/emds (%) | AR,
Tracking resolution 1.24 4.0 0.00017
Tracking efficiency 0.80 4.0 0.00014
Silicon hit matching efficiency 0.82 2.8 0.00009
Silicon alignment 0.58 2.1 0.00008
Electron identification efficiency 1.11 0.5 0.00015
Muon identification efficiency 0.64 0.2 0.00009
¢ quark fragmentation 2.26 - 0.00028
¢ hadron production fractions 3.66 - 0.00046
¢ hadron lifetimes 0.55 - 0.00007
¢ charged decay multiplicity 1.09 - 0.00014
¢ neutral decay multiplicity 2.39 - 0.00030
Branching fraction B(D — K°) 1.20 - 0.00015
¢ semileptonic branching fraction 2.44 - 0.00031
¢ semileptonic decay modelling 2.34 - 0.00029
Gluon splitting to ¢t 0.34 6.3 0.00018
Gluon splitting to bb 0.50 9.3 0.00027
K° and hyperon production - 0.3 0.00001
— Mante Carlo statistics(c. uds). —|— 0.66_ — — — 2.5 — —[0.00010
Subtotal Ae® and Ae"9s 6.65 13.3 0.:00090
“Electron identification background™ ~ ~ ~ ~ T T T T T T 0-00039
Muon identification background 0.00041
Efficiency correlation ACP 0.00066
Event selection bias 0.00033
Total 0.00129

e AC,/C, =~20%

° AaC/sC = 7%

° Aaudslauds =~ 13%


https://arxiv.org/pdf/hep-ex/9810002.pdf

Results vs purity

Assumption:
01 ATfh vs. b-tagging purity
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—— LEP syst. / 5)
— allsyst. 1%)
1072
[ IS
T Evesinenh
1073
1074

0.0 05 1.0

b-tag score

—1.0

systematics constant over tagging score

A% ys. b-tagging purity

101 €
—— LEP syst.
—— LEP syst. / 5)

all syst. 1%)
1072
e
1078
].0_‘1 T T T T T T
-1.0 —0.5 0.0 0.5 1.0 1.5

b-tag score

e Optimal working point is ~ Loose depending on syst assumptions
e 1% syst. scenarios prefer slightly higher purity because larger relative reduction of

error on Cb



Prel. conclusion and next

e Start assessing how systematics scale vs tagging purity

e Most likely this method will require to trust MC to better
that 1% to achieve goal Ag, /e, ~ AR /R, ~ 2e-4

e Multi tag method to fit all flavor mis-tagging efficiencies and
R, .4 from data will rely less on MC modelling

e Scale factors to extrapolate for Z (Vs=90 GeV) to ZH (Vs=240
GeV) ?



closer look at the correlation
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B-tagging efficiency and correlation

cf. Emmanuel

, Py8. Z - bb, Vs =91GeV . _Py8. Z > bb, Vs =91 GeV . _Py8. Z - bb, Vs =91 GeV
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e Efficiency dependence with jet momentum
o max eff at high p (OK)
o non monotonic vs p (?)

e Correlation dependence with the jet momentum
o max correlation at Piet ~ 30 GeV

o correlation vamshes at Piet ~ Epeam

e Correlation dependence with the tagger
o max correlation at high purities


https://mselvaggi.web.cern.ch/documents/2023_05_22_Zbb_tagger.pdf

B-tagging efficiency and correlation

cf. Emmanuel

i Py8, Z — bb, no FSR, Vs =91 GeV

a both ]etswnhmlcosbl<07 I
50.95 .
O 0.9
When gluon radiation is E e
switched off in Pythia: 0.85f
- Flat efficiency vs p 0'85 -
- Tagging one leg does not 0.75¢
bias the efficiency of the -
0.7f
other leg -
0.65¢
06_
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e o Ja s ol ps e ls s o9
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gluon radiation responsible for correlation


https://mselvaggi.web.cern.ch/documents/2023_05_22_Zbb_tagger.pdf

B-tagging efficiency and correlation
https://arxiv.org/pdf/hep-ex/9810002.pdf
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e B-tagging efficiency increases with b-hadron momentum

e B-tagging efficiency decreases if gluon emission in the same hemisphere
—N, . (number of fragmentation tracks) increases
— S\/gmore easily mistaken for PV


https://arxiv.org/pdf/hep-ex/9810002.pdf

B-tagging efficiency and correlation https://arxiv.org/pdf/hep-ex/9810002.pdf

Py8, Z - bb, /s =91 GeV Py8, Z > bb, /s=91GeV_
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e gluon emission increases number of N_ - tracks
o decreases available momentum for bhadron p, and overall Piet (increase the jet mass)
o momentum balance —opp. hemisphere also softer


https://arxiv.org/pdf/hep-ex/9810002.pdf

Open questions

e Tagging correlation depends:
o on the tagger purity
o on the jet momentum
m correlated with amount of gluon radiation in the event, and relative momentum
carried by the bhadron
— including such information is crucial to understand this effects (IN PROGRESS ..)

systematics ultimately will depend on TH parton shower and fragmentation models



Backup
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C-mistag rate efficiency and correlation

c-tag efficiency as a function of score

‘ c-tag correlation as a function of score
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Sensitivity to light mistag rate

Sensitivity of % VS. % Sensitivity of % VS. %
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e Tight tagging WPs are preferred to minimise impact of light quark mistag systematics
e Similar sensitivity thane_, (¢ , <€ but R ,, ~3R)



Sensitivity to R

e . ARb
Sensitivity of 52 vs. S
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e Tight tagging WPs are preferred to minimise impact of R_ parametric
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Sensitivity to C_

Sensitivity of &8 vs, AC Sensitivity of 2% vs, &%
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e Tight tagging WPs are preferred to minimise impact of C_, but almost
indifferent



Sensitivity to C_,

Sensitivity of A& g ACus Sensitivity of 8¢ vs, SCus
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e Tight tagging WPs are preferred to minimise impact of C__, but almost
indifferent



