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Introduction
LumiCal to 10-# Lummos:ty
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® 20 mm Racetrack beampipe
O Bhabha fiducial large X-section w. lower 6_._

o IP tracking, 1 mm Be beampipe window
o error on-mean of © _. > 10

" _
T :
. c e s ®© 60000 ¥
LumiCal optimization: z ,/{T\
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Si wafer + 2X.. LYSO 40000 1. Multiple scattering
0 ] 2. Detector resolution
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Bhabha e*e- Elastic Scattering

QED Bhabha BHLUMI
Cross section at CEPC



Luminosity by Bhabha elastic scattering

® Physics events, e.q. Z-pole,
N=o-fL L:Luminosity of e*e” collisions ©
® Luminosity by counting Bhabha events . .
ete” - e*e (y) QED theo. precision <0.1% > Zy Zy

1. a pair of electrons, E(e*) = E, .,
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2. precision 3 of e, e(y)
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Bhabha luminosity precision

Luminosity= counting Bhabha events

In a fiducial & region
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systematic error :
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Require 6L/L =10 ¢ co000
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Bhabha cross section

U-angle distribution

detector spatial
resolution

\count Bhabha

in Fiducial region

events counted in/miss fiducial region

=» spatial resolution = offset/error on the mean of ©
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BHLUMI + beam-crossing ¢ .

1.BHLUMI QED 0.06% precision (pLB 450, 262)
CMS m,=92. 3 GeV, fiducial region: Th1<6<Th2, s’>0.5s

1024 ¢

2.CEPC boost : e*e”beam crossing, 33 mRad

3. X-section : count events in fiducial region, " { Thl Th2
w.r.t. QED calculation 002 004 008 008 Of

6(p2) (Rad)

Multi. Scattering, rad. Bhabha,

Y mm

00 evhbk 10mrad r25 hrz Boost +X,
804 NmC g 457232 33 mRad Beam crossing  Wider back-back distributions
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BHLUMI X-section, racetrack @CEPC

e*, e~ back-to-back

Acceptance @ z=1m r>25mm, |y|>25mm ¢/ | ciricto

P2,Q2 both off beampipe out-going pipe center
£ so{R2hits-at Z=1ity ﬁiéSmmce#Is T 1 |
£ an-..’?ﬁﬁ?}il_?f?_!?ﬂ g i
LAB frame > 4.3 :
e*, e-detected | -
D_..
@ Z=1000mm |
. Ty B SRt S
B ) B T e T o e T T T
'ED-‘ ------- P ' ------- : ----- i : : 'L : P : :
[at 2 = 1000 mm 80-6040-20 0 20 40 60 80 100G 0 4o 60 80 100
X (mm) X (mm)
LAB ONE e* or e~ detected LAB both e, e~ detected
0>15 mRad 0>15mR & |y|>15mm 0>15 mRad 0>15mR & |y|>15mm
395.3 255.9 257.8 245.9
0>25 mRad 0>25mR & |y|>25mm 0>25 mRad 0>25mR & |y|>25mm
Ve
133.5nb  “““fes . 81.8nb 85.4 nb 78.0 nb
0>30 mRad 0>30mR & ly|>30mm 0>30 mRad 0>30mR & |y|>30mm
87.2 o) 51.8 54.9 49.1




LumiCal to 1 pRad precision

[P beam spot 0,=6 pm 0,=9 mm
beampipe multiple scattering

CEPC Accelerator TDR upgrade (.ca03/30)

Higgs W z tthar
Bunch spacing [ns] 385 154 15(10% gap) 2640
Bunch population [1029] 14 13.5 14 20
Beam current [mA] 27.8 140.2 1339.2 2.3
Beam size at IP (sx/sy) [um/nm] 15/36 13/42 6/35 39/113
Bunch length {SR/total) [mm] 2.3/3.9 2.5/4.9 2.5/8.7 2.2/2.9
Luminosity per IP[1032/cm2/s] 8.3 26.6 191.7 0.8




LumiCal in MDI (Machine Detector Interface)

> 2x103® luminosity at Z-pole, goal for 104 systematics
» ¢ 20 mm racetrack beampipe beam crossing at 33 mRad

Beampipe, IP to flange z= ¢7OO




MDI configurations to LumiCal

CEPC Accelerator parameters to LumiCal Bhabha detection
O beam-crossing: 33 mRad

O IP beam bunch @ Z-pole: o, 0, Z6um 35nm, 9mm % E.s.a —%%
O Bunch crossing: 23 ns =

O Luminosity: cm2s?t: 2 x 10°¢

@20

2
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Beam-pipe materials & Space | =
180 e
O Before Flange: z=560~700 mm gss

700

r=10mm, thickness = 1mm ' - " MDI (s. Bai3/30)

@20 mRad traversing =50 mm, .
=0.14 X, (Be), 0.56 X, (Al) —

O Two Si-wafers for e* impact 0

0 2X,LYSO =23 mm

T‘ z
i) )
Behind bellow: 900~1100 mm

O Flange+Bellow: “60 mm, 6 X,
0 17 X,LYSO 200 mm
for e* shower
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Tracking of IP position

+ - -
O Deviation to electron 6 by IP spread e*, e back-back angle

beam bunch o, =6 um 6,=9 mm compare scattered e*, e
crossing @ 33 mRad evok_tomrad_shz U, ¢ Smeared 100 uR
. 5' ----- 0.5/5>05 | 4
O Beam crossing spot:c,=0.38 mm 107.. R;thie ; 3 10
:— B s'ls E) 5*M.5. - o= 256 '_LRa(E
F—R>R, . "MS_ o= 158 pRad

104

103,
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LumiCal on Racetrack beampipe

] Flange Bellow
Racetrack beampipe ©

o beam-pipe r=10mm,y=+10mm = °% *¥ 61‘i l somm |
O boost horizontal, e* lost into beampipe M

LumiCal
0 |y|>15mm e
0 Vertical Si-wafers : |
e* theta tracking A7
0 LYSO calo: oS T
3x3x50 mm?3 bars LYS0 | JIn "_LYS"CJ-)-- T

Racetrack beampipe (il
Top view Y crotch R=10mm
R=1Umm . R=10mm 7=655 Z=780mm Z=855mm O
Z=85mm —Z=$BOT—— ¥ Z=700 ¥ ¥ v
R=35/2mm O

| w5 —
Low-mass window 0.14 X, (20mR) window: | LYSO
single layer Be slab 1 mm (il 2290-110-¢m
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Multiple Scattering

pipe up/low plates : 1mm Be

2.5

R
et <ot
.1 5 -
G

7

y cm

£5MRad

SQmRad 4 T

14

| somRad
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50GeV muon
1mm Be pipe

Exit pipe

Si 1%t layer
z=560mm

70

Si 2ND Jayer
z=640mm

110
zZcm

100

LYSO surface
z=900mm

L(mm)
1/tan®

Muon
O mR

exit pipe
dz do

Si @560mm
dz do

Si @640mm
dr do

LYSO@900
dé

65 15.4

31um 11 uR

46 um 80 uR

54 um 85 uR

235 uR

50 20.0

38 um 09 uR

38um 68 uR

47 um 73 uR

235 uR

30 33.3

158 um 13 uR

32 um 56 uR

43 um 68 uR

244 uR

20 50.0

433 um 16 uR

25um 39 uR

257 uR

r/z =tan ©
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10-* systematics, Multiple scattering

1. BHLUMI smear 0’, ¢’ of scattered e*, e
Multi.Scattering 100 pRad  6’= OxGauss(100yR), ¢'= pxGauss(100uR)

2. 6N/N systematics: s - ——
. . ) i il L : '___:_=._ E ..- '
6N = count event deviationduetoM.S. ¢ 1
M.S is Gaussian, Symmetric 5 . b
e ; T o e T
at ©_,,.= 25 mRad, slope of Bbhabha s i - RiisniE
in neiboring 100 pRad bins to 25mR @ 0.1 —=i=
SN(@25mR)/N(25-80 mR) <104 c I HEEEE T
. 0.02 0.04 0.06 0.08 0.1
6(P2) Rad
evhbk_10mrad_r25_ms100ur.hrz 5
‘ M.S. deviation 105 211 ] :
events in 25 - 80 mRad 1500 | Mean " %+.0.1218E-07 1500—_3-'-1,':.;?1;.'---;'; --------------
1054 1\ M.Ségen < sqrt(N)/N e ! i
| I,m select events [t I 10007 e o
2104 ! , on O dist. ] =
D ! : 500 S| s00fee 25 riRad--------
> 1 | ‘r 11 1 :
LL b | ] :
10°%4; L Ty oo v S I S
E | -0.2 0 0.2 ) 0.024 0.025 0.026
2; | gen-M.S.(Rad) x 10~ 8(P2) (Rad)
10 % | . .
| | 104 is determined by survey of

"002 004 006 008 01 the mean position
68(p2) (Rad) 15



Preshower in beampipe
LumiCal Calorimetry
Secondaries produced in beampipe

e/Yy ID in flange LYSO
beam electron by 20 X, LYSO

16



Secondary particles generated in beampipe

. [ LYSO
. LYSO_ 30mm Steal Flange 200 mm
23 mm —
| =2 Xoi it
s e — =
=__:_;_ __;_ __— ST _'_',L—‘— — ; By ik
50 GeV e 30mRad = l
traversing 2mm Al pipe |
= 67mm thick @30mR = 0.75 X, —
T T —_— ﬁ , "
Flange + ‘ |
Bellow =75mm =4.3 X,

Fe 1X,=17.6mm 17



Shower in LYSOs Flange,Bellow absent

Je_belmm-nofb/e050_032032mr090ph_belmm-nofb.rz

Enr 42002 o 42002
__":’__ 5%1%1'255 308871 N E%;ﬂ £S 308A71
R ; gfj n::.lagg D [ ;:*DE- 1T jgg 50 GeV electron
DalpE-DY 0115 0.852E-01 0.0 . oo | ;oo
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E & e & Shower deposition
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E 0] JE 42112 = H Eoimd e _,;_.=.. : : 42013 In front LYSO: 1-0%
E EgHRES T 27227462 Y egrhess R L T o
“T 108 S| R : ; e 0P | i: icEm : :[: t :: i .
I NP 2 3 104 osel T tRE a0 In back LYSO: 94%
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600 - - -
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400
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0 : : 0
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Shower in LYSOs w. Flange+Bellow (4X,)

Je_belmm/e050_032032mr090ph_beimm.rz

Hio 42002 0 42003
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T 000 0.00 i 00D 0.00
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250 TE(Gev)=50 [qkmR)=32 S0 TR=0.01068 R=0.6086
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0 =32 mRad, $=90°
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Summary

LumiCal for 10 systematics:
O Racetrack @ 20 mm, |y|<20mm, gives
Bhabha cross-section twice of Z — qq
O Survey precision of fiducial edge
is the primary factor to systematics of 104
Multi. Scatt. and Shower smear Bhabah 6N in figucial
Smearing effects are symmetric
error on mean =2 6N/N <10
O Require redundency on electron tracking
to detect smearing and offset of the figucial edge

O O
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