LumiCal with the race-track beampipe

MDI workshop®{E 2023.04.01, detector issues
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https://indico.ihep.ac.cn/event/19442�

Luminosity by Bhabha elastic scattering

® Physics events, e.g. 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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Bhabha luminosity precision

Luminosity= counting Bhabha events

In a fiducial © region
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systematic error : e
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For 6L/L =103 £ | :
/ @ 6000013 Bhabha cross section
At z=%1m, 6, =20 mRad - 50000 v U-angle distribution
= 69 =10 pRad or dr=10 um 40000- ‘1 detector spatial
Error due to offset on Z j ‘ / resolution
2> 0.5mmonZ or dr=6zx8=10um Smmj \count Bhabha
20000 1 in Fiducial region
Luminosity Error due to 10000°
events counted in/out fiducial region 0 jﬁ_bz 004 006 008 01
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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

CEPC boost : e*e"beam crossing, 33 mRad
3. X-section : count event fraction in fiducial region
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Multi. Scattering, rad. Bhabha,
wider back-back distributions
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BHLUMI X-section, racetrack @CEPC

e*, e~ back-to-back

Acceptance @z=1m r>25 mm, |y|>25 mm Symmetric to

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 |
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'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>15mR & |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




MDI configurations to LumiCal

CEPC Accelerator parameters to LumiCal Bhabha detection

O beam-crossing: 33 mRad

o IP beam spot @Z: o0, 0,0, =6, 0.035, 500 um T L K

o Bunch crossing: 23 ns iU @

O per crossing: 31IP’s g 8 . |

O Luminosity: cm2st: 2 x 10%¢ [ el e

Beam-pipe materials & Space _ e I TT

0 Before Flange: z = 655~700 mm " MDI (. Bai3/30)
r=10mm, thickness = 1Imm

@20 mRad traversing = 50 mm,
=0.14 X, (Be), 0.56 X, (Al)
O Install 2X, LYSO =23 mm [
O Luminosity: cm2st: 2 x 10°¢ M})ﬁ“‘- o

Behind bellow: 780~1100:mm E—

O Flange+Bellow : ~60 mm;ﬂe
0 Install 20X,LYSO 233mm e
for e* energy -

]
I
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LumiCal on Racetrack beampipe

Racetrack beampipe
O beam-pipe r=10 mm, flaty =+ 10 mm
O boost horizontal, e* lost into beampipe

LumiCal sandwiched
O |y|>15mm
O Vertical Si-wafers :
e* theta tracking
0 LYSO calo:
3x3x50 mm?3 bars
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* 8
M.S. & preshower caused by beampipe
® Beam Pipe 2mm beam-pipe, material budget
possible 1Imm Be ?? tanb=2mm/L 1/tan® Be X0=353mm Al X0=89mm Cu X0=14.4mm CosQ
2 <0.2X 15mRad L=133mm 66.66  0.378 X0 1.498 X0 9.259 X0 .9999
< %o 20mRad L=100 mm 49.99  0.283 X0 1.123 X0 6.944 X0 .9998
® Preshower @ z < Im 25mRad L= 80mm  39.99  0.227 X0 0.899 X0 5.554 X0 .9997
= 2 0.189 X0 0.749 X0 4.628 X0 .9996
Backaround to 30mRad L= 67 mm 33.3
9 35mRad L= 57mm 2856  0.162 X0 (LEP) 0.642 X0 3.967 X0 .9994
tracker 50mRad L= 40mm  19.98  0.113 X0 0.449 X0 2.775 X0 .9996
65mRad L= 31 mm 1536  0.087 X0 0.345 X0 2.134 X0 .9996
80mRad L= 25 mm  12.46  0.071 X0 0.280 X0 1.732 X0 .9996
Be 2mm pipe Al 2mm pipe Cu 2mm pipe
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Multi. Scattering

1mm Be pipe,
10 mm Al Flange

50 GeV muon

Mutiple scatteringonly - 4%

4.5 - IB,SE‘ Rad '—-BﬂmFl&d--l--_'__ -
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Oto z: 20 30 40 50 60 Z Cn:o 0 75 80 85 zi:om
/z=tan © vert. before vert. before
Exit pipe flange z=655mm Qpole z=900mm
Muon 1/tand Exit pipe Slab / pip B.F flange B.H flange B.H flange B.H flange
0 dz db6 dz db6 dr do dz db dr db dr db
80 12.5 53 um 76 uR 74 um 87 uR 80 um 88 uR
65 15.4 32um 11uR 58 um 85 uR 84 um 98 uR 90 um 100 uR
50 20.0 43 um 9 uR 53 um 77 uR 79 um 92 uR 82 um 94 uR
30 333 160 um 12 uR 48 um 70 uR 76 um 88 uR 83 um 92 uR
21 47.6 396 um 18 uR 1.05 mm 36 uR 32um 47 uR 72 um 84 uR 82 um 91 uR
20 50.0 449 um 16 uR 1.25 mm 40 uR 31um 46 uR 74 um 87 uR 85 um 95 uR
15 66.7 1.63 mm 32 uR 36 um43 uR 46 um 52 uR
14.5 69.0 1.78 mm 32 uR 33um 37 uR 42 um 46 uR
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Smeared by
Multi. Scat, Preshower

50 GeV muon, electrons @ 6=20 mRad 5

Muon: mutiple scattering only
Electron: M.S. + EM bremsstrahlung

E.M. shower = shower multiplicity
widen position resolution

Ref: Be 1 mm pipe, @20 mRad, 1/tan 6 =50
50 GeV 20mRad electrons

20mRad incident z= ETSmm 120
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Smeared 100 Rad as Multiple scattering

1. Scattered e+,e- 0'=0+8100MR ’=p+5100HR
O = Gaussian smearing as
Multiple Scattering in theta, phi

2. 6N/N systematics:

6N = symmetric Gaussian = @ 6 ;=25 mRa]% Sk
8
§

Bhabha shift 100 pRad SN/N~0

Multiple scattering 100 pR =
wider back-back distributions
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LumiCal to 1 pnRad precision

1. IP beam spot 2.5mm spread
2. beampipe multiple scattering
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1. tracking on IP position

»> Beamspoto,=2.5mm:
need Bhabha electron trag:_l,king

til

Si position detector

-3



2. Reduce Beampipe material

» Low-mass beam-pipe window :
less multiple scattering 0.5 mm Be window

20.00 me>

Low-mass window <0.07 X, (20mR) window:
single layer Be slab 0.5mm

Flange 25mm thick

Racetrack beampipe
Top view | Y crotch

—

R=10mm

/=655 Z=780mm Z=855mm
777777 X X X

R=35/2mm O

| LYSO
z=90-110-cm
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Mounting LumiCal on Flange/SC-magnet

LumiCal precision, 1 iRad to the IP = survey/monitor:
Survey of detector edges w.r.t IP, beampipe center to <1lm
1. x,y w.r.t BPM position
2. add Z position monitor

1. 28 B E S WARIEE

2. FRENIE (rz) w5l RS O | By, U
::I‘ A I
e Rk

W mrcEuE

B, T &
= Be BT s v SR £
2022-05-06
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Before flange, VTXdet volume

=T ——

Precision electron 0 —
e/ y identification

30 _
> Sitracking layers: o, <5 pm Y50 D= 7.1 860
> LYSO array, 2X,: 2.5x2.5x23 mm? Moo= bl ™ s
LYSso bay = 25 x25 x 23" Il
Vodwwo = =~ (90 =N Yk = '?oo%
Lt e -
, 5y
= L8 \
// i H ,%,_ 2/5‘&2.5 .
A o
Si wafer 1 SiPM readout " LYSO aer“i ” i
EI/AN ~
Tk \\
eH @_ i I ey
‘;z:—{wn@? a5 by

f?.)j/;&%\f 1 / 16



Bhabha event pile-up rate @High-Lumi Z

1. High—Lumi Z (2021 design) max/IP 115 x 1034/cmzs C.ﬁ LEP

2. Bhabha both e*, e~ detected, X-sec =100 nb [= 1x1032
Event rate = (246x10733) x (115 x 103%4) /sec = 115 kHz X-sec= 100nb

3. Event rate / 25 ns bunch crossing = 0.003 events /b.c. Rate= 10 Hz

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?2cells event fraction /(cell of 3x3mm?2)

. P2,Q2 both off beampipe maximum at beampipe edge =0.018
E 80 1R2-hits-at-Z=1r; -3x3 mm eells
==

601"
407
01
20
o}
80 T
.80 -60 -40 20 O 20 40 60 80 e | |
X (mm)

o000 0000
ocooooooo

Event fraction

m (3x3mm? bin)
LYSO signal overlap
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Example teclfmology

- Belle.ll _
- Tracker w. cables/plumbmg

Module
connector

o n-wafer Frontend / opticall

I!'ill ings {far side)

Hybrid assembly

Opto &
A ICs.

- o i
Baseboard TRG
Silican sensons Diaium washer
Bl facings (conling side)



Tasks toward TDR .4 OPAL 10 Bhabha

= T T T ] i'Eh"TF-IIE’S ] LI P
o B > =
u' g | :
GEANT 08 b E
o new geometry, both sides 06 F i E
O ECAL measurement behind bellow 04 £ o E
o input BHLUMI events, identify NLO eey final state0-2 [ % i s’ E
o verify 10 systmatics @ lower 6 edge, 0 '[]'"5 i 1' S
. E./E
Detector (still very empty) R beam
o Si-wafer solution ? £ s0000.1 3
. . Q ]
O LYSO + SiPM solution ? ) ,/{T\
o ASICs with pileup flag 200003 %0\  Bhabha smeared by
bunch spacing 23 ns 40000 1. Multiple scatteri‘ng
] 2. Detector resolution
30000 4 OFFSET on the mean
_ Causing systematic error
20000 1
1{}[}[]{]-
0Lé— —
0.02 004 006 0.08
jl\ 0 Rad (50 uR bln)
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