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Measuring QED to 10-* with radiative Bhabha
for precision, for e*e- collision luminosity

O Theory, BHLUMI precision suen@sinica{ed;tg\l/;/
O CEPC fast LumiMon, LumiCal design 209410 7%
O Radiative Bhabha measurement 14:20
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Physics goal at CEPC
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Bhabha generators for MC study

® BHLUMI 4.04
S.Jadach [CPC 101 (1997) 229]

® ReneSANCe 1.0.0 -
R.Sadykov [CPC 256 (2020) 107445] poster by J.Gong, this workshop

“Compariing Event Generator..”



BHLUMI for LEP luminosity

Events

Framework of
YFS exponentiation
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BHLUMI 4.04

S.Jadach [CPC 101 (1997) 229]

2000 systematic 0.054%
[NPB 547 (1999) 39]

[PLB 459 (1999) 649]

[OPAL Z° lineshape, EPJC 14, 373]
2020 systematic 0.037%
[PLB 803 (2020) 135319]
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LEP theoretical uncertainties [EPIC 81 (2021) 1047]

Type of correction/error

Update 2019

(a) Photonic O(L e?)

(b) Photonic O(L}a?)

(c) Vacuum polariz.

(d) Light pairs

(e) Z and s-channel y exchange
(f) Up-down interference

(g) Technical Precision

Total

0.027% [8]
0.015% [9]
0.009% [7,10]
0.010% [7]
0.015% [11,12]
0.0014% [13]
(0.027)%
0.037%

Evolution of luminosity theoretical error at LEP1
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BHLUMI e*e™ = e*e (ny)

BHLUMI simulation

default demo.f setting

Ecus=92.3 GeV 6 =10~80 mRad

O Scattered electrons (P2,Q2) from 7 mRad
O e'e">e‘e+ny >Ey>5MeV
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BHLUMI e*e- - e*e~(ny) at CEPC ’

Cos68=0.993

BHLUMI demo.f cuts

— ACCO CMS 10 mRad < 6(e*) < 80 mRad
- ACC1 .and.s’(P2,Q02)/s(P1,Q1) >0.5

Beam crossing, 33 mRad
=» Boost in x direct
e*, e” offset by 33 mRad

10 M events generated for 10 — 80 mRad,
B(e*) distributed from 7 mRad

ACCO =47.9%

evhbk24tdr_10mrad_r25_ms100ur.hrz

events with 0 photos
Show 6 back-back distribution

ACCl= 459%

B(ef) shown 1073

for CMS

-
©
o
=
N
and boosted s
of all generated £ I
31
o 107¢ .
> 3
L 1
-f.'
102?

[ 2

1044

---- ACCO

— boosted

o '

BHLUMI 0.01<6<0.08 Rad

+ generated

|

|

| | |
004 004 0.06 0])8

0(P2) (Rad)

10 9 evhbk24tdr 10mrad_r25_ms100ur hrz

_ o) I BHLUMI gen.
81 - Acc 0
10 "+ —_— —Ach,Ophoton
(@] ] —— — Acc 0, >0 photon
% 10 ? C?:M frame Lab frame
g 65 , P
SO I
2 5 '._
@ 10 E £,
= 3
4
2107
= ]
10 °
"0 001 002 003 004 005

AR (e",e) Rad



BHLUMI e*e~ — e*e~(ny) at CEPC
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Photons identified for IS'R,"FSR in CMS
with opening angles close to electrons
o 91% with Q(ef,y) < 5 mRad

LumiCal acceptance:

LAB E(1)>0.1GeV, P2,Q2 [y|>12mm  d)

40
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o |y|>12 mm at LYSO front face +z=647mm
o boosted e* and y selection applied
o Correlation of E(e*) and E(y)
o ISR vs FSR, by opening angle Q(e*,y) to P2,Q2
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Acceptance for e*e™ — e*e- (ny) at CEPC

Bhabha events in LumiCal acceptance

e*,e vy : |y|>12 mm at LYSO front face £z=647mm
t2z BHLUMI & P2,Q2
Hemispheres | generated ly|>12mm
et 60.3 % 3.87 %
ety 39.7 %* 3.16 %

*ISR 20.3%, FSR 19.4%

Detectable Bhabha, et,e”,y: |y[>12 mm
+z P2,Q2 & E(y)>0.1GeV
Hemispheres ly|>12mm ly(v)|>12mm
et 55.1% 14.7 %
ety 44.9 % ISR 0.89 %

FSR 13.8 %
FSR 2.96%*

*FSR Q(e%,y) >5 mRad
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Radiative Bhabha measurements

L3 radiative Bhabha with ISR
Systematic error at “1% level

: * e'eoe'eTyg,
o e'e"=e’e(y)
10 + — improved Born
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LumiCal acceptance, racetrack beampipe

BHLUMI event distribution
detecting back-to-back e*

@ [z[=1000mm

, e~ pair
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2) |ly[>25 mm
3) Eventsin shaded area J_
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:
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@[z/=1000mm 2 s
region |y|<25 mm 2

10% to r=80 mR full covered ,,2]
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LumiCal acceptance at |z|=1000mm, with RaceTrack pipe r=10mm

ONE e* or e~ detected

e?, e~ back-to-back detected

0>25 mRad 0>25mR &

ly|>25mm

0>25 mRad

0>25mR & |y|>25mm

133.5nb

81.8 nb

85.4 nb
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Precision for Bhabha event counting to 10+

Luminosity L is derived by e*e” »e*e (ny)
j:: . Eﬁ‘!acc . lﬁ'ﬂ'{}:z, 1 1 E _
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— a pair of back-back electrons, ] ‘ / resolution
— precision & of e,e(y) in fiducial region 30000 \
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01le— A...
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Diamond fast beam monitor

O Beam monitoring on Bhabha electrons

of ~10 mRad (CMS) ~25 mRad (Lab 33 mRad beam crossing]);;

O front of Quadrupole |z|=85571110 mm
diamond slab, on sides of beampipe

O differing event rates on +z, -z sides
for IP offset |
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G. Fan, J. Zhang, poster this workshop
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50 GeV electron shower on diamond

12

O 50 GeV electrons at CMS 10 mRad, boosted in Lab 26.5 mRad
O GEANT shower in 3 mm thick Cu beampipe (~¥300 mm traversing)
O Measuring dE/step of charged tracks (>100 keV) in diamond

3mm Cu pipe, @26.5 mRad

ch. Multiplicity Cu+diamond =620

Shower spread in z: 6,=30 mm
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Electron shower spread in 6 on diamond

O Shoot 50 GeV electrons at CMS 9 ~ 12 mRad, Lab 25.5~ 28.5 mRad

O dE/step deposits of charged tracks (>100keV) in diamond

dE/steps in y-z diamond slab
on +z side
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Survey/monitoring, for Beam IP position

O Beam Probe Monitor BPM
O Position monitoring, Flange dx,dy ~1 um, dz~ 50 um
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Smearing @ IP position of BHLUMI "

O bunchsize o,=6um, o,=9 mm e*, e~ back-back
=>» IP spot, 33mRad Xing

compare scattered e*, e”
o,=6um, o,=380 um 0

evhok_tomrad_r25h0 , @ smeared 100 uR

O Z—e* e at 9=30mRad 10 5_;::: 0,58 >05 s 4 104
smearing at @z=560mm o si-sb;-.ﬁ“ﬁﬁfq*m.a_ o= 256 uRad-
smeared width o(8) = 24 uRad
back-to-back o(Q) =21 pRad

o= 158 uRad{

0.03 O 031 U 032 U' 033 D 03'4 0. 035 'D 036
LAB AR (e*,e) Rad

Si position detector LYSO



CEPC LumiCal design
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1400 .
Duter Be pipe) Front £U‘ ni Ea i bo i ume —

» L=2x10%%/cm>s* @Z-pole, —

et —

O @ 20 mm racetrack, =

beam-crossing 33 mRad |

Inner Be pipe)
O IP bunch:

374
0, 0,0, =6 um, 35 nm, 9 mm

O Bunch crossing: 23 ns

» before Flange z = 560~700 mm

O Low-mass beampipe window:
Be 1mm thick

traversing @22 mRad traversing L=45 mm,
=0.13 X, (Be), 0.50 X, (Al)

O Two Si-wafers for e*impact 6
0 2X,LYSO =23 mm

> behind Bellow z=900~1100 mm
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¥
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GEANT LumiCal electron shower
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Front 2X, LYSO, on radiative e,y

1400
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2X, LYSO
@ z= 647mm

Bhabha hits on LYSO, |y|>12mm e

Incident particles are e*,(y) I

153

O GEANT sum dE/dX in eaCh LYSO bars Inner Be pipe)
3x3mm?, 23 mm long, 2X, 74
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1 mm Be thin pipe window 19
33mm = 0.09X traversing @ 30mR

Electron hits on 15t Si-wafer
IP (0,,0,) = (6,380 um)
50 GeV e*, e @ (9=130mRad, ¢ =1.0, 1.0+t Rad)

Si wafer @z=560mm

O |x|<6.0 mm o(8) = 54 uR (1mm Be) E  IoiEei
o |x|>6.0mm o(8) = 95 uR (1m Al pipe) £ 401
o back-back Op.Ang o(Q) = 137 uR SE 20

NJU GEANT4 validation, test-beam preparation .

Be(Imm): o(8) = 30 uR 20
Be(2mm): o(8) = 50 uR 40 ]
=» GEANT tracking steering, testbeam confirmation
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multiple scattering, against 10 ”

X 102 1D 211 ] :
1 500_: rl;-’lsg ',"' "-h—él.'lgiggg:gi 1 500.-'.."-‘3,,.:;_.;'1;.'.':; ..............
. BHLUMI scattered e*, e : Con : Y
Multi. Scatt. smearing 100 uRad 1004 - " 1000 ==+ sersresanss boeeinenernnn
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effect is Gaussian, Symmetric 02 0 02 3 0024 0025 0026
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i 4 2
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L B Bhabha smeared by
4 : v 200001 ,Vl\ 1. Multiple scattering
10“ is determined 40000 2 Detector esolutior
1. Multi.Scatt. distribution 200001 Causing 6N/N error
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0Lz
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Achieving 10 on Radiative Bhabha

Bhabha electrons, O deviated by radiative photon
measuring e,y vs QED predictions and cross section

O Si-det on electron 6, multi.scatt. ~50 pRad

O ISR/FSRof e,y inLYSO, 3x3 mm? segmentation
Beam line, IP measurement
slow control & monitoring on beam x,y positions

O 1 um precision on single beam position
O e',e” beam line crossing = IP position,
X,y, and z by beam-crossing, with the means better than 1 um

Test beams preparation for

O Multiple scattering by ~1° of 1mm thick Be
O Electron shower sampling, in CEPC MDI configuration
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