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O Bhabha parametersfor 107 systematics on [£

O GEANT simulation
reading BHLUMI generated Bhabha e*e(y)

O IP smearing (o,,0,) = (6, 380) mm
propagated to 6., for Bhabha detection

O Beam-pipe thickness 1mm Be
low-mass window to 6, for Bhabha

O LYSO preshower (2X0) detecting

radiative Bhabha, e*/y separation




Luminosity to 10~% precision

® Observable cross section N =0 - [L L:Luminosity of e*e” collisions

® Luminosity measured by counting Bhabha events, QED precision < 0.1%
— a pair of back-back electrons,

— precision 8 on e,e(y) in fiducial region ~ e‘e” 9 e’e _( V)
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LumiCal geometry

» L=2x10%¢/cms: @Z-pole, goal is 10? systematics
O @ 20 mm racetrack, beam-crossing: 33 mRad
o IPbunch: o,0,0, =6 um,35nm, 9 mm

O Bunch crossing: 23 ns Flange }§ =17.4X,
Bellow

Siwafers S5 - 0 s

\ \

» LumiCal before Flange )
z=560~700 mm VSO 23 mil

O Low-mass window: Be 1mm thick =2X%

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

» LumiCal behind Bellow:
z=900~1100 mm

O Flange+Bellow: ~60 mm, 6 X,

0 17 X,LYSO 200 mm

EtumiCal volume




Flange l, l,BeIIow 4

Z= 560 640 670

LumiCal in

LumiCal
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[P bunch smearing

O bunchsize o,=6 um, o,=9 mm
= IPspot o ,=6um, o,=380um
O boost by 33 mRad beam crossing

0O Z— et e at 9=30 mRad
smearing at @z=560mm
smeared width o(%) = 24 uRad
back-to-back o(Q) =21 pRad

CMS (9=30 mR, = r/2), E=46 GeV = boosted

V1=(0, +16.8, +560) mm V1=(9.2, +16.8, +560) mm
back- to back V2=(0, -16.8, -560) mm V2=(9.2, -16.8, -560) mm
T 7046
' - | 1000000 130 mRad e+,e-, boosted for 33mR
' i 5 i 33.00 Hits on Si wafers @ z=x560mm
] : : =.2144E 01 ) et
25000 L - / I Xaxis
- 5 i i oost : e ! Z ais
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GEANT beampipe multiple scattering

O IPspot (o,,0,)=(0,0), (6,380um) & compatible

O boost by 33 mRad beam crossing :

O 50GeV u’, u

@ (9= £30 mRad, ¢ = 1.0, 1.0+rt Ra)

= P i
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D E E .I/FF J‘E‘"'-‘ '\L i
: AN
i 9 i |
20 e

|x|]< 6.0 mm, 1mm Be
low mass window

o(8) = 46 uRad

smearing at @z=560mm, 1°t Si wafer | «
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GEANT LumiCal electron shower

50 GeV electron @ 6 =32 mRad, $b=90°

O 2XO0LYSO + 4.3X0 Flange,Bellow

+ 17X0 LYSO

Shower deposition, by Sum(dE/dx)

o in front LYSO:
O in back LYSO:

~1.0%
~61%
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BHLUMI QED generator e'e-> e*e(y) ’

Ecvs=92.3 GeV 6= 10~80 mRad

O Bhabha
e‘e” > e*e”+Ny > Ey >50MeV

O Opening angle Q(e,y) vs. r(e)
increase w. electron O

O radiative Bhabha examined for
max. photon vs paired electron

el.) mm

R
L=

hit (x,y) distributions
generated @z=1m
boosted @z=1m

CMS radius(e*) vs. Q

25:ffff§ffi'f[P""'l"' 78D
T ! . ENTR!ES 442083'

20 4=

15-5':'-55?””5?55

[ EE .

nnn:u-..i..
52 R

'ffff Whe 14

FSR eyop.Ang mRad

Scattered electron 6
CMS generated (6>10mR)
x33mR boosted

o]} ;7000
Entries 1000000
105 -LL heam 61
ity RMS 0.26
et A UDFLW 000
1044 LT OVFLW G167.
i b
i R“H:} 1 CMsiP2b
ol ""..__
109 e
. boosted | il
- P20
- Q2 0
10
250 40 -30 -20 0 10 30 40 50 0 10 20 30 40 50 60 70 80 90 100

Xmm

P2,Q2 Boosted 6 mRad

FSR e+,e- GeV

[42]
[=]

E(e+) vs E(e-)
>46'16 It] ; i T02
0] E;NTRIES E‘ID-DD{JGG
Oy5.15. SV N S S

P2

46.13

4612 } N

4611 +
48.

Radi

11 4612 4613 4614 4615 46.16
EQ2 GeV

ative Bhabha

E(e+) vs E(y)

351

30

B

25}

40 -

BHKine x33 Bcééi‘tf F$R;§_

D ; P755
ENTRIES | | 636432

----------------------------------------------

______________________________________________

..............................................

5 10 20 25

FSR v GeV



Electron hits on 15t Si-wafer, LYSO @z=647mm

IP (O'X,O'z) = (6,380 um) € compatible w. (0,0)
Electrons hits

Si wafer @z=560mm

O |x]|<6.0 mm o(8) =54 uR (1mm Be)

O |x|>6.0 mm a(&) =95 uR (1m Al pipe)

o back-back Op.Ang o(Q2) = 137 uR

LYSO (2X,) @z=647mm

O |x]|<7.3 mm (&) = 54 uR

o |x]|>7.3 mm a(&) = 100 uR

o back-back Op.Ang o(Q) = 144 uR

e+,e- back-back angle
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2X, LYSO bars observables

incident particles are e%,(y) and secondaries |

O GEANT sum dE/dx in each LYSO bars
3x3mm?, 23 mm long, 2X,
o Deviation to e*truth (impact hit >Eb/2)
mostly < 0.2mm
O Hit distributions in a Bar
distributed due to Bhabha 8, w./w.o. photon
GEANT hits E>Eb/2 dR to Truth Ny >0
On LYSO @647mm (boosted BHLUMI e?)
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2X, LYSO observables for rad. Bhabha .
e*e” - e*e(y)

Q(e*,y) Opening Angle

O Increase w. electron 6

o r>12mm, Q(e,y) =

20 mRad (13mm@647)
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10+ systematics, multiple scattering

1. BHLUMI smear 0’, ¢’ of scattered e*, e

Multi. Scatt. 100 pRad 6’= 6xGauss(100puR), ¢’= PpxGauss(100uR)

2. 6N/N systematics:
ON = count event deviation due to M.S.
M.S is Gaussian, Symmetric
at O _. =25 mRad, slope of Bbhabha
in neiboring 100 puRad bins to 25mR

ON(@25mR)/N(25-80 mR) <10*

evhbk_10mrad_r25_ms100ur.hrz

M.S. deviation
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Survey precision for 10~* on Luminosity

13

LumiCal within beampipe flange

o Multiple scattering : ~ 50 um

O e,y cluster-size in LYSO: ~ 100 um
O Error on mean of (Bhabha >0

=>» 10 by survey precision on Si wafer position
requiring oy =1 um, oz =50 um

Survey monitoring

O Beam Monitoring Probe BPM
on beam line crossing IP

) <104 O Survey (Flange+ to Flange-)

(1.4m) to 50 um

@150
e

b -
BPM\\ '

flange flange

L ]
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summary

the GOAL is for luminosity to 104,
Bhabha counting in a fiducial >0

O IP smearing, Multiple Scattering = ~50 um

O Preshower LYSO < 2X,
* hit cluster size < 200 um
e e/y hit-cluster sum(dE/dx) ~20 MeV

O Planning for testbeam e/y 1 to 100 GeV
e hit cluster size < 200 um
e Preshower in BGO/LYSO for shower size, sum(dE/dx)
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Beam-pipe multiple scattering

e*, e~ back-back angle

O Deviation to electron 0 by IP spread

beam bunch o, = 6 um o,= 9mm compare scattered e*, e”
crossing @ 33 mRad

5| 0,55 >05 | 1 4
O Beam crossing spot: 0,=0.38 mm ¥ i—R>R,. mi o
. I R>R___"MS o= 158 uRad]

10 4_5 b.pipe rﬂ]\‘\

evhik_10mrad_r25 hrz 19, () smeared 100 IJR

e —

Si position detector I 17



BHLUMI + beam-crossing

1. BHLUMI QED 0.06% precision (pLB 450, 262)

CMS m,=

2. CEPC boost : e*e"beam crossing, 33 mRad
3. X-section : count events in fiducial region,

w.r.t. QED calculation

X-sec. Lab frame

P2,Q2 both off beampipe

92. 3 GeV, fiducial region: Th1<6<Th2, s’>0.5s

Boost to +x
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= 100
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b symm. to outgoing pipe
r>25mm, |ly|>25mm £ y going pip
c.f. 6(Z—qq) = 41 nb Multi. Scatt., rad. Bhabha,
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IO.\ 7
> 10 ' H '
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Bhabha event pile-—up rate @High-Lumi Z "

1. High-Lumi Z (2021 design)

max

/IP =115 x 103*/cm?s

2. Bhabha both e*, e~ detected, X-sec =100 nb

Event rate =

(246x10733) x (115 x 103%) /sec =115 kHz
3. Event rate / 25 ns bunch crossing = 0.003 events /b.c.
4.Pile-up: next b.c., @adjacent cell in peak region

Pile-up Fraction = 0.018*6cells/2sides = 0.054

Pile-up event rate = 0.003*0.054 = 1.6 x 10

50 GeV e- shower in 3x3 mm?2 cells
P2,Q2 both off beampipe
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c.f. LEP

L= 1x10%?
X-sec=100nb
Rate= 10 Hz

maximum at beampipe edge =0.018
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. BRNZEBMEXRINEE (EEMATPC - MR FED ) :

LumiCal, MENNEeR et e MiERE Luminosity

ZRRTERME £z = 700 mm - JEFHEARI - ITNIMEBEE T -

frete RMIIEATIXIA - TH#E Bhabha s 14 A& (E A B F XS4 -

Monte Carlo QED &K Nzgg=H6I=E - L Integrated Luminosity -
EEEKR 104 -

. BERNNYIEE (LEME - 5eE - FYIEBEJE/dX, BEYIEEREAZIN/dX, A
WR - FE)

MM F : Ebeam [ETAEEF, XEIEFEAY Final State Radiation B85S+ ( >~ 1GeV)
£ bunch crossing 25 nsec © D RRIEA B M K5

IEERMEE . EBF theta, phi BE, WiwIXT 1 uRad IBEMUE -

LYSO &if : #R"E >Ebeam/2 8% - K XRRBZTAI FSR Y+

. RSN EFEEENEER

BBFiliERERIERNS: SNREHR4AE - 8F4kch. 216k BEX

LYSO &5 SiPM i &0 7281(2X0) [Aa(17X0) H£4E LYSO

HE 170cm?, 1.7k ch. B3t 7ki@ES

. BBEWIHTEE

Z lumi Lmax = 115 x 1034/cm?s, LumiCal Bhabha #ZFEN22 B E=#E 100 nb
Event rate = (246x10-33) x (115 x 1034) /sec =115 kH=z

Event rate / 25 ns bunch crossing = 0.003 events /b.c.

lowest theta (R & /) hot LYSO 3x3 mm?2 6-cell cluster

event fraction = 0.12, AKX ELYSO cellEfIE = 0.00016 events/b.c.
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. G BE 28R ?8E? LA - TENE - ZE?

FESR: PN 27 25k FF-HLf], ADC FE AR R, T 50 ns [N, 7 25 ns B.C. Fijjo =73 HHH
LYSO SiPM: ADC EEEFk 9, T 50 ns [N, 7F 25 ns B.C. gij 5 SE51 739,

12bit 100 GeV Z&MHE &=l =

. ESEWmAN (LbMEM¥EY - PCB - #i&4 ) - S -

AllmPCB 4542885538 - oJgER ADC - serializer # 10 Gbps J¢ 4 iz

A1 trigger, ### FPGA 5 Al

. &/ BRES (UMEMSEE) -

BESR N MIP B R ER B BB fey

LYSO SiPM (B8 ECAL £ 300 MeV % 100 GeV E8F

. WEFERZEK (LSB, BE - &HE) -

LYSO SiPM LESRECAL,

24N Pileup, EIE - 25 ns B.C. fi—= Signal Level comparator ##iAIIm#ES
Bl SE2GaWES

. BN TERENSEE - MIRBFEFEMR - dE5MFENRIEEE—EL?BL
Xt EB FERYINFEPR B A S D -

LumiCal 5K SIPM TEREIRIMRENMEE—2 - 2920 oC

LumiCal BEfE% 4k BB 4080 L chip it &F 10W A -

LYSO 8E 17k BEE 1I0W A - 5ZMl 40W - 2R ne <EE -

I3
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