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Luminosity precision to SM, R s

SM e‘ee—7Z—qq,
QED Luminosity by counting Bhabha e*e~ — e*e”

R(s) ratio e ¢

LEP: 17 Million Z (41p)
L=4.31031/cm?s (E=46GeV)
= 1x1032/cm?s (E=100 GeV)

R(s) ratio for SM predictions
aﬂ — (gM'Z)/Z and A(Xhad(MZ)

N, = 2.9840 * 0.0082
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QED precision on Bhabha e‘e”

— e’e”(ny)

Methods used for multiple photon corrections
1. SF: analytical collinear QED Structure Functions

2. YFS exponentiation Small angle 0.054% BHLUMI (LEP)
3. PS: Parton Shower Large angle 0.1% BabaYaga@NLO (Flavor F.)

e*e” collision luminosity Flavor Factories

by coybtubg Bhabha events

f Ldt = Nobs/0tn Luminosity errors: LO
5L OLexp Oow,  EXperiment NLO
— = ¥ Theory NNLO
L Ee}{p Oth h.o.
collinear log: L = log -2 o viontagn LO
: me stron, NLO
L = log(s/mg) ~ 15 Large angle @ Flavor NNLO
L = log(|t|/mZ) ~ 17 Small angle @ LEP 5.

L = log(|t|/mZ)~20  Small angle @ tt thresh.
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Bhabha event counting to 10*
SM an order improvement to LEP

S
Luminosity £ is derived by . Cor
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AB =0, -6

e*e” - e*e (ny)
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Bhabha experimental results e*e- — ete(y)

BESIII Luminosity (y)e*e”, (v)vy TASSO Bhabha

Systematic error ~0.7% Systematic error 3%
Vs =2.23-4.59 GeV [2017, Ch.P. C41 063001 ] Vs =12 -47 GeV
’ Table 1. Data samples used for the analysis e " e” —e' e
: . sy (GeV) [#dt (pb™1) Nanatna
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Challenge: QED a”L? shall be measured

Compare Vs =92.3 GeV

BHLUMI: YFS exponentiation e*e” - e*e (ny)

ReneSANCe: NLO calculation e*e™ - e*e(y)
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Challenge: QED a”L? shall be measured

BHLUMI: ete” - e*e7(ny)
ReneSANCe: e*e” - e*e(y)
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Bhabha e*e™ = e*e (ny

LEP Luminosity template

BHLUMI demo.f cuts

- ACCO CMS 10 mRad < 8(e*) < 80 mRad
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CEPC LumicCal dESign » before Flange z = 560~700 mm

O Low-mass beampipe window:

- 6 _

» L=2x10%5/cm @Z pole, Be 1mm thick

O @20 mm racetraCk' traversing @22 mRad L= 45 mm,
beam-crossing 33 mRad = 0.13 X, (Be), 0.50 X, (Al

o IP bunch: O Two Si-wafers for e*impact 0
0,0,0, =6 um, 35 nm, 9 mm 0 2X,LYSO =23 mm

O Bunch crossing: 23 ns .
& > behind Bellow z=900~1100 mm

O Flange+Bellow :
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CEPC LumiCal acceptance

BHLUMI event distribution
detecting back-to-back e*, e~ pair
@ [z[=1000mm

1) © > 25mRad outside pipe centers

2) |y[>25 mm

3) Events in shaded area
counted for Xsec

LumiCal acceptance at [z|=1000mm
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-100A
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1 o ee 100
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CEPC LumiCal Front 2X, LYSO

Bhabha hits on LYSO, |y|>12mm

Incident particles are e%,(y)

O GEANT sum dE/dx in each LYSO bars
3x3mm?2, 23 mm long, 2X,

Deviation to e*truth (impact hit >E,/2)
mostly < 0.2mm

0]

Hit distributions in a Bar
distributed due to Bhabha 6, w./w.o. photon

sum dE/dx all LYSO bars (aplane)

o ef onetrack: sumE min. 20 MeV
o (e*+FSRy): two MIPs, sumE x2
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Photons in e*e™ = e* e (nv) @Z-pole

CEPC Ref-TDR . nea pgf
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Bhabha events in LumiCal acceptance
e*,enh,y: |y|>12 mm at LYSO front face £z=647mm

tz BHLUMI & P2,02
Hemispheres | generated lyl|>12mm
5 10 15 20 25 30 35 40
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T 60f -, .
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FSR 2.96%* |~€~ measurable *°; LAB! o eIy 1rim: Ep50:1GeV -]
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*FSR Q(e%,y) >5 mRad x(€9), |z|=647 (mm)



13

Forward Calorimeter @ STCF

Small Angle Bhabha 60 — 240 mRad ( 3.4° - 14°)

O Precision QED Bhabha at Flavor factories to better than 103
O e/y by Si-det + Crystal = NLO, NNLO radiative Bhabha detection

Propose: Forward region
Z =450-630 mm
O = 60 — 240 mRad
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Proposing precision Bhabha @ SCTF

14

QED Bhabha needs NNLO on hadronics to 10
Detecting Bhabha to better than 104:

O detect e/y:
O Si-det on electron O:

O monitoring IP:
O monitoring LumiCal:

identify radiative Bhabha deviation
multi. scattering ~50 pRad
mean-on-error on Bhabha counting

BPM on electron beams to 1 um
survey to beam-pipe centers on flanges
Az of flanges on +,-z side <50 um/1.4m
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