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Branching ratio ( RP); motivation I'(Z — bb)
® At LEP measurement 0.21594 +0.00066 ['(Z — had)
® Fcc-ee and CEPC aim to improve the precision by a factor 10~20 (0.02%)

® RP measurement is sensitive to New physics models (SUSY)
» SUSY predicts corrections to Z—> bb vertex
» Through gluino and chargino loop ...

FIG. 1: One-loop Feynman diagrams of gluino correction to Z — bb
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Branching ratio ( RP): detector requirement

® Two ways to tag the b quarks in Z->qq events ['(/ — bB
® Secondary Vertex tag (Average decay length of b meson of 2mm level at Z pole) "'(7 — had

» Multi-variant analysis : Impact parameter in R/¢p and Z, mass of vertex ...

® Lepton tag

» High momentum Electron and muon with pT>1GeV in a jet ...

Vertex distance to IP  Vertex distance significance

4.

a&

Vertex Axis

S
0&
S
XX
K

%

S8
%
XXX
L
o2
SRS
%%
K5
OO

K
o2
QR8RS
5

K
25
5
&5

3K
00
%
K
O
L

o2 %
288
%%
QKK

35

5

RS

LS
2RSS

o2
0:0
938
03

RS
25
3
0%
958
&5

9%,

9%

90

SRS
SRS
RIS
K5 & s
SRS
3 X
GRS

&
08
00
K5

&
&
35S

RS

8
o
&
K
&
5
%
SRS
0202
3
RS

XD 00000
RIS
XXX X >

Paa Va0 a®a

%
K
&
&5
&5
&
%
8
%

QR
959.9.95%9

D
<>
R

d

Beam Axis




Tra.c:king efficiency . . 0.00014

Silicon hit matching efficiency . - 0.00009 Tracker resolution and efficiency(~0.1%)

Electron identification efliciency

Muon identification efficiency | Le pto n i d ent ifi cat i on (NO . 1 %)

¢ quark fragmentation O 00028

¢ hadron production fractions . 0.00046

¢ hadron lifetimes .55 0.00007

¢ charged decay multiplicity .0€ 0.00014 .
3 . o

¢ neutral decay multiplicity 3¢ 0.00030 Charm mOdellng (~ 0-4 / 0)

Branching fraction B(D — K") . 0.00015

¢ semileptonic branching fraction . 0.00031

¢ semileptonic decay modelling . - 0.00029
xluon splitting to cc 0.34 6.3 0.00018 =g o
Gluon splitting to bb 0.50 9.3 0.00027 Gluon Spllttlng (~0'1 /O)

K" and hyperon production - 0.3 0.00001

Monte Carlo statistics (c, uds) 0.66 2.5 0.00010

Subtotal Ae® and Ae"“® 6.65 13.3 0.00090

Electron identification background 0.00039

Background (~0.2%)
b-tagging corrections (~0.3%)

Efﬁuency correlation ACb 0.00066
Event selection bias 0.00033

OPAL collaboration, Eur.Phys.J.C8:217-239,1999 ’



RP: b tagging hemisphere correlations

* Hemisphere is taken to be tagged
* ifitis tagged by either one or both of the secondary vertex and lepton tags.
* Major systematics: hemisphere correlations
* The tagging efficiency correlation between the two hemispheres in one event:
» Angular effects : due to inefficient regions of detector
» QCD effects (g->bb )

» Vertex effects : due to vertex fitting

EZjet—tagged

Cb —_—
(gljet—tfagged)2

Single (N,) and double tagged events (N,,)

— 2N11ad{€b Ry +€° Re + GUdS (1 — I, — RC)}7
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Branching ratio ( R°): theory systematics

® QCD related systematics
® High order QCD corrections gives impact to hemisphere correlations
® Impact to Backward-forward asymmetry

CERN-EP/98-23

(d) Thrust forward, quark backward

(a) No gluon

~quark /o7
Error source (.(’2”) (70)

cC
T'heoretical error on my, or m,. || 0.23 (.08
as(mz) (0.119 % 0.004) 0.12 0.16
Higher order corrections (.27 (.66
| Total error l .37 | - 0.68 6




RP: b tagging hemisphere correlations

®hemisphere correlations depends on b tagging efficiency

£Zjet—tagged

® with 95% purity working points efficiency> 70% C, =

(‘5‘1jet—tagged)2

CEPC b tagging ROC curve

® This systematics will not be dominated
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RP: tracker systematics

® Alignment systematics:
» LEP study : 20um mis-alignment =2 0.04% systematics
» FCC/CEPC aim for 2um mis-alignment (at least 5um) =2 <0.005% syst.

® Hit Efficiency : REm
® LEP study 1% syst. 2 0.007% syst. In R® : Zig‘:%vv
® aim for less than 0.5% hit efficiency syst. B2 b - 10 GeV, matBudget VIX + 50%
\6 1 O 5 . A = 100 GeV, matBudget VTX + 50%

® Impact parameter resolutions
® Should optimize for low pT
® Aim for 20um for low pT
® Lepton efficiency
® LEP: 3% syst. 2 0.04% systematics in RP
® Should aim for 0.5% syst.




Rb: charm modelling and lepton ID

® Charm modelling : depends on input from flavor experiments (BELLEII...)
® C hadron fractions (factions of D*, D°, D*.) = 0.2% syst. In R®
® LEP: Tagging efficiency for D+ is three times higher than DO
® Need more study to check D meson tagging efficiency in Fcc-ee/CEPC

Source
¢ quark fragmentation 2.26 0.00028
¢ hadron production fractions 3.66 0.00046
¢ hadron lifetimes ).5F 0.00007
¢ charged decay multiplicity 1.( 0.00014
¢ neutral decay multiplicity 2.. 0.00030
Branching fraction B(D — KY) 1. 0.00015

¢ semileptonic branching fraction 2.4« 0.00031

¢ semileptonic decay modelling 2.3 0.00029 E



RP: gluon splitting

® Gluon splitting systematics is estimated by comparing data and MC simulation

DELPHI 0.001 0.002 0.003 0.004

rmwmm
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weilghted mean
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DELPHI Z->4b analysis T C T newe g —0.00247 +0.00028 (stat) +0.00048 (syst)
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Summary

» R, /R, measurements are well motivated

» Need more dedicated study

» use R, /R. measurements as benchmark for detector optimization
» Need external input

» Charm modelling systematics (input from BELLEII ... )

» Higher order QCD calculation
» Gluon splitting modelling
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