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ete” Collider Luminosity
past and future
LEP for Standard Model

SuperKEKB high luminosity
Higgs machines



Precision luminosity @ LEP
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https://www-superkekb.kek.jp/

High luminosity @ el

3 kmring
7GeVe 2 < e*4GeV

Belle Il and QCS

— Lumino iity record 4.7x103% cm-2s1
~“4ER/HER currents 1.4/1.1 A




/ﬁkicern.ch/twiki/bin/view/FCC/WebHome

FCC-ee detector and M

httjos://web.infn.it/RD_FCC/ Gebiliiig

D(Z]I Rout = 200 ¢m

T

DCH Rin = 35cm

|D|;:h:::t0r height 1100 ¢m

FCC-ee parameters 4 WHw- ZH
Vs GeV 91.2 160 240
Luminosity / IP 103 cm2s™ 230 28 8.5
Bunch spacing ns 19.6 163 994
"Physics” cross section pb 40,000 10 0.2
L .
Yoke 100 cm 1 Total cross section (Z) pb 40,000 30 10
Magnet z = £ 300 cm Event rate Hz 92,000 | 8,400 1
"Pile up” parameter [y] 106 1,800 1 1
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http://cepc.ihep.ac.cn/

CEPC parameters

Operation mode ZH Z WHW- tt
Vs [GeV] ~240 | ~91.2 | 158-172 | ~360
L/1P CDR (2018) 3 32 10
[ Detectors | [x10%% emr2s] Latest 50 | 115 16 0.5
@Z mass
L=1x103°cm=2st | N T
) il / :. l l \ e - \
Bunch crosing = 25 ns P |[ Be-Al chamber | Remote Y-shape PBPMs | Lumical body\
IP 6 35 | 2:-7007700mm | vacuum chamber Z: 855~950mm | 2: 940-1100mm |\
GX’ O'y - le, nm | Connector Z: 783~855mm | Q1 (Q1a&Q1b)
it salomcon] Z: 1900~4400mm
Length 0,=8.7 mm
tthar Higgs W Y
[Bunch spacing [ns] 4524 636 257 25 (10% gap)
IBun-:h population [10410] 20 14 13.5 14
lBeam current [mA] 33 16.7 841 203.5
IBeam s1ze at IP (s1gx/s18v) [um/nm] 39/113 15/36 13/42 6/33
!Bunch length (SE/total) [mm] 2229 23/39 2.5/49 2.5/8.7




CEPC Machine Detector Interface (MDI)

O Beam crossing=33 mRad o Racetrack beampipe @20 mm @IP
O IP to QDa front ~ 1m split to two @20 mm pipes

CEPC Interaction Region
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CEPC LumiCal toward 10-% systemstics

® Racetrack beam-pipe
IP @20 mm; X splitting 20 — 35 — 39 mm;
Y @20 mm to dual @20 mm pipes

® Bhabha cross section by BHlumi

boosted, beam crossing 33 mRad

v fiducial region: min materials, at z=630mm with Flange
0,hin > 25 MRad. |Y,-¢50mm|>15 mm
= o(Bhabha) = 78 nb

v’ estimate event rate, occupancy, pileup systematics
bunch crossing 32 ns, High-Lumi Z, L= 103® /cm?s

® Upstream materials, GEANT :
v" Multiple Scattering, preshower
v' Magnet field, helix rotation



e*e” Elastic Scattering

QED Bhabha BHLUMI
Cross section at CEPC



Luminosity by Bhabha elastic scattering

® Physics events, e.g. Z pole,
N=oc-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, ., ol e
back-to-back
2. precision 8 of e, e(y)

3. within fiducial region OPAL Lo Bhabha
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Bhabha luminosity precision

Luminosity= counting Bhabha events

In a fiducial O region I S ( 1 1 )
systematic error : s \bnin  rae
oL/L ~ 2 60/0,,, o L NVace
g gvi®
For 6L/L =103 s | .
At z=+1m,6_ =20 mRad Eamun-_ Bhabha cross section

> 69 = 10 uRad or dr =10 um sooo0{ »  U-angle distribution

]
%
1
{
) detector spatial
Error due to offset on Z 40000° " / resolution

> 1mmonZ or dr=56zx8 =20 um 300001 \c
ount Bhabha

20000 1 in Fiducial region
Off set spatial resolution = offset on mean of 6,

=>»is the dominant LUMINOSITY

10000 -

°7002 004 006 008 01
6 Rad (50 pR bin)
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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

2.

CEPC boost :

e*e”beam crossing, 33 mRad

3. X-section : count event fraction in fiducial region
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LumiCal on Racetrack beampipe

Racetrack beampipe

O beam-pipe r=10 mm, flaty =+ 10 mm
o 33 mRad beam-crossing,

O boost horizontal, e* lost into beampipe

LumiCal sandwiched
O |y|>15mm
0 Vertical Si-wafers :
e* theta tracking
0 LYSO calo:
3x3x50 mm?3 bars

@20

o
L8

S = bGi-LYSO

Flange - Bellow Si-LYSO
13




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
£ s0{R2-hits-at Z=1ity ﬁiéSmmce#Is T 1]
£ an-..’?ﬁﬁ?}il_?f?_!?ﬂ g i
LAB frame > 4.3 :
e*, e-detected | -
D_..
@ Z=1000mm |
40 F--i-eeeei-
B ) B T e T o e T T T
B0 {r i -
|at Z = 1000 mm 50 -60 40 -20 0 20 40 60 80 10015680 60 4020 0 20 40 80 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
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 Qp 51.8 54.9 49.1 14




Systematics against SL/L ~10~#

® 6N/N ~10* SL/L~2 69/,
in fiducial O window 5L/L<10* for®, =20 mRad
1. Det. Position offset - 69 = 1yRad dr=1um @ z=1m
2. Multi. Scattering, det. Resolution
B-field helix I _
3. Rad. Bhabha, preshower offset & 60000] 3
et .

Bhabha smeared by

50000 yl\ 1. Multiple scattering

] 2. Detector resolution
40000 ] OFFSET on the mean
Causing 6N/N error

Si-strip detector

fiducial edge = central line between two strips
Multi.Scattering = events flow in/out Fiducial
+ geo error —> event counting error

30000

0.04 006 008 0.1
6 Rad (50 pR bin)
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Smeared 100 Rad as Multiple scattering

_evhbl-(_1 Omrad r25 ms100ur.hrz

1. Scattered e+,e- 0'=0+8100MR ’=p+5100HR £ : M.S. deviation
. . 1 events in 25 - 80 mRad
O = Gaussian smearing as Q 05] M.S./gen < sqrt(N)N
Multiple Scattering in theta, phi H i
2. 8N/N systematics: 104,
6N = symmetric Gaussian = @ 0. =25mRad | :
. 3_
Bhabha shift 100 pRad SN/N~0 0754
) . 2]
Multiple scattering 100 uR =2 10 3! |
wider back-back distributions 10 3 002 004 006 008 0.1
evhbk_10mrad_r25.hrz
0(p2) (Rad)
4 10 5 0.27 ]
5 3 I 5 |
o= 256 pRad @x ” ST
o= 158 pRad — T : = ——
.-", - 10 3 ECI _0-2 R | I.. el HE— = NS I.':' I .:I
- 5 002 004 006 008 0.1
] z 8(P2) Rad
- v 10
5 b7 el 211 T,
4 10 Meah " 0.A248E-07 _ st
] 100805 0.8793E-04 1000t
Jadta =l I 0 : o :
0.2 0 0.2 0.024 0.025 0.026

031 0.032 0.033 0.034 0.035 0.0386
LAB AR (e',e) Rad

0.03 0.

gen-M.S. Rado

6(P2) Rad
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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?2 cells event fraction /(cell of 3x3mm?)

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

601"
403
01
2017
407
801

o000 0000
ocooooooo

Event fraction

m (3x3mm? bin)
LYSO signal overlap |

sl |

80 -60 -40 20 0 20 40 60 80 i

25 ns
X (mm) 17



Beampipe material

GEANT estimation
multiple scattering + preshower
Magnetic field



M.S. & preshower caused by beampipe

® Beam Pipe

19

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 < 1m 25mRad L= 80mm  39.99  0.227 X0 0.899 X0 5.554 X0 .9997
= 67mm 3332  0.189 X0 0.749 X0 4.628 X0 .9996
Background to 30mRad L= 6
ackg 35mRad L= 57 mm 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  15.36  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
G -3 S 'S S - ET N
III I|I ‘_ ,
| |
| |
‘ RS
¥ y
5cm 5cm SRR
o 5 Z A SN \:..I\ .
AN\
\ 19




Multi. Scattering

1mm Be pipe,
10 mm Al Flange

50 GeV muon

Mutiple scatteringonly .« =

Rad |
Rad |

20

4.5 - IB,SB Rad '—BEIFHFlad-J---'-- -
4 e
e - T at= R B
3.5 L SosRad o
3 bl et
somRad | . v
25

aomRad o R

0 to z: 2;6'“-” 30 4:0“' ” 7'..7‘-5;0 eio 70 '50 ?55 80 855 90
t/z =tan 6 o vert. before zem vert. befefe
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 do dz db6 dr do dz db dr df dr db

80 12.5 53 um 76 uR 74 um 87 uR 80 um 88 uR

65 15.4 32um 11 uR 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 33.3 160 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 um 43 uR 46 um 52 uR
14.5 69.0 1.78 mm 32 uR 33um 37 uR 42 um 46 uR

20




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

y cm

osmRad

fsomAad [l

SumFlad

| zimAadi.

iy
+EmHad

T TTT 'T%eriﬁ'a'a'“':' 1
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60 65 70

75

EGmRad incident z= QDElmm

— & AL 1mm Al 25mm L 45 uRad 3.32

1 4[]_p|p§ Flng | RMS Multi

— E- AL 1mm Al 10mrh i 44 uRad 346 100=
120w i A 10 .fl i 5 Lﬁaﬂmfﬁ‘i
niu AL {mm Al 10mén |' f : 51 uR&d 1.04

1DD———-v-n?rt.r-E“a=-' L T e —— uﬁaf:f +ﬁ-t --------- 80

— e- AL 1{11m Ad 25mre
L 3' AL j_n'lnw Ad-A0en
—— e Be 1mm A 10mrg

oo i B tmi- fii *‘rﬁmm [

i Pipe Flnd

nhu AL imm Al 10min

T 04 03 02 01 0 01 02 03 04 05
bf Flange d6 mRad

08 06 Dd [12

0 02
bf LYSQ d6 mRad

—l—l—‘?—;" T
04 06 08 1
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Magnetic Field bending B, = 3T

1 GeV electron, 3T Helix

2 mm Al pipe, 20mm Flange
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.J/ §
g z
X - <7
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y cm

y cm

1GeV electron @25mRad
1 mm Al pipe, 25mm Flange
M.S. +3T Helix z=675mm

6] GeV 25mRad incident, arriving z=675mm
+ rnu Alpipe Timm OT '
I LT o L 1 R e e e
25 2 15 1 05 0 05 1 15 2 25
Before Flange x cm
e GeV 25mRad incident, arriving z=675mm
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Discussion



LumiCal Summary

1. @20 mm Racetrack beampipe

Bhabha X-section fiducial
=> lower 0,

Beampipe material 1mm Be pipe

=» Multi.Scatt. 66~100 pR

Lumical optimization:

Si+LYSO sectors
O before Flange:

impact position, e,y ID, preshower

% ]
[ |
@ 60000 '-;(T\
-
LL T8
20000 1 Bhabha smeared by
] 1. Multiple scattering
40000 1 2. Detector resolution
] OFFSET on the mean
30000 A

Causing systematic error

20000 1

10000 -

O after Bellow: 002 004 006 008 0.1
Y-crotch sector, Qpole sector /I\ 6 Rad (50 pR bin)
o o
- S -
_ e —
. - ‘:I'mz"ﬂ-lrmmtuu m::rm”izj
..................... 5 I-'f
Vee—= — T =n o | ]
z — 5 ©
= - =R spv
S e SiLYSOL | ..
Updated LumiCal S0 .
Flange - Bellow SI-LYSO



Beampipe material budget

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

indow:

s J——

Flange 25mm thick

Racetrack beampipe

Top view | Y crotch R=10mm
X Al .,
R=I0mm “R=I0mm =655 Z=780mm Z=855mm
= ! Rao X_7=700 XX N N
[ S o R=35/2mm
Be Al Al | O
———
LYSO
2=90-110-cm
OPAL
. ¥ |1993-94 LEFT— '
OPAL mechanics 2 Y
g
7% ~Z=_ - OPAL Si-W Luminometer =
SR G @000) 19 2 11993-94 ]

, ; RIGHT

y)) _“Each Si layerhas :

: %{ﬂﬁ detector wedges 1.5 B

: R-t—geometry 1 Ii
Each wedge ’L J :
32x2 pads W :
with size: 0.5 \[ T
R:2.5mm
o: 11.250
,,,,,,, N N T N T T




LumiCal position 1 pRad
versus [P, beam-line

KBS Rl B NE

. =T 2 Y \ L 5 ﬁ*ﬁﬂ%'\ jfﬁf ﬁ %
RES RIS |, BEEB g, HigdC = G5 B 52 ohu S 4
2022-05-06

_ LumiCal precision, 1 uRad
- | to the IP 2
i JEIRS survey/monitor:

| ?' ﬂ | 1. x,y w.r.t BPM position

2. add Z position monitor
Hiu A

BPM 3£ 672 4~ (14 4~/7BA x 48 /> 7BA)

BPM HLF#EK:

1, ® VO dataifE, ZFFEZFEEM L HA(FT, TBT, 22kHz, 10 Hz)

2, BRIERE R AL Z+/-7 mm 76 ) I HERS A9 mapping 1 calibration

3, LI EWK, BPM AL E D HFHRLE 80 nm L

4, WRALBEDHHR (10Hz AEWEAE, 0.1pm; 22kHz tRPUEEDE, 0.3um, ZREEHE:
lpme )

26



Industrial measurement tools, e.g. keyence

Detector assembly precision
e measure lower fiducial edge to < 1 um
e easy under microscope and survey equipments

E-Eﬁ -y = e

AS_85026_SI-F1000_C_611297 US_1126-7

Best in its Class

World's Smallest

Controliar
SIFI00Y

@2 mm (20.08")

Spectroscopic unit

Si-F1U Sensor head

Polarization maintaining L
optical fiber SHFO1

Interferance light| Emitted light J
Reference reflection surface Target

Actual size

Displacement data SLD: Super Luminescent Diode
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