LumiCal mechanical precision of 1pm
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Why 104

O Zevents: N, =100 times to LEP
O Standard Model precision
improve by 101
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Luminosity by counting Bhabha

e*e” bunch crossing, colliding luminosity

can produce .....

— elastic Bhabha scattering e*e” — e*e-

— ElecroWeak ete” — /7 _

Bhabha is QED calculated to /||

3x10* precision N

Count Bhabha=> obtain online Luminosity "/ [
= derive SM cross sections
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Bhabha counting precision

t
® Event counting N =0 - [L C 60000 ' Bhabha cross section
. = '
® Counting Bhabha events 0 0ol 3 U-angle distribution
— a pair of back-back electrons, 11 detector spatial
- precision 3 on e,e(y) in fiducial region ~ *°°°°7 “ / resolution
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_ ount Bhabha
20000 1 in Fiducial region
Bhabha systematic error 10000
s |V~
6L/L~2 69/9 min 07002 o004 {}%ﬁ q 0.08 . b
requiring 5L/L =10 6 Rad (S0 uR bin)
at z=*¥1m, 0. =20 mRad
> 69=1puRad or dr=1um | |Luminosity systematics
due to events in/out fiducial edge
error due to offset on Z > ¢ th 0
> 50umonZ eq. dr=6zx%=1um offset on the mean of min




CEPC LumiCal design
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» before Flange z = 560~700 mm

O Low-mass 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 e — V¥
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1. LumiCal assembly

Module before flange
O Dimension: 12 cm wide, 4cm high, 12 cm long
O Two Si wafers (Strip or AC-LGAD) for e* impact 6
100% detection efficiency,
align Si wafer position to sub-micron
0 2X,LYSO bars: 3x3x23 mm?
align LYSO barto 100 pm
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2. Mount LumiCal on beam-pipe Flange

670-700
LumiCap
Module before flange LumiCap s ~=54-60 mm
o . r=56-58 mm thick=2mm 7-647-670 thick=5mm
O Reference points: beampipe center y-12ss i | flange
y=12-60
O Survey:
Si wafer edge to sub-micron i wafer Si wafer

LYSO bar corners to sub-micron

FLEE: 7. 4
“153.002mm




3. Inner beam-pipe assembly

O Install LumiCal before Pixel
O Space clearance and access to LumicCal

Holes for fibers

Holes for air Flex holder

According to the current plan, assuming
the flex will be switched to fiber where
beyond and near the end of the ladder.
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I 4. Beampipe install, to Quad-pole magnet

Beam-pipe installation Position uncertainties

O Insert beam-pipe inside ITk 0 £z Flanges: (6x, 8y, 6z)

O Align in quad-pole magnet - LumiCal offset

O Bellow remote lock-up O Interaction Point: (6x,, 6y,, 67,)

- beam line to Q-pole center

LumiCal position
1 pRad precision:
= 6r=1um

6z =50 um




LumiCal survey/monitoring, Beam position

Survey monitoring
O Beam monitoring Probe BPM, on beam line crossing IP

O Position monitoring, Flange dx,dy ~1 um, dz~ 50 um
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LumiCal survey/monitoring, to 1 pRad
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LumiCal theta precision, 1 pRad

Position systematics :

O IP position: e*e™ IP(X,,Y0,20)
bunch spread o, 0, 0, = 6 um, 35 nm, 9 mm
simulate Z — e*, e~ at 9=30 mRad

at @z=560mm o(8) =24 pRad
back-to-back o(Q) =21 uRad

O LumiCal Si-wafer:
50 GeV muon from IP,

=
multiple scattering through Imm Be pipe = 7 mlm P
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LumiCal 10 systematics

1. BHLUMI smear 0’, ¢’ of scattered e*, e
Multi. Scatt. 100 pnRad 6'=0 - Gauss(lOOuR1),L3 ¢’= ¢ - Gauss(100uR)

2. 6N/N systematics:
ON = #event deviation due to M.S.
M.S is Gaussian, Symmetric
at 8,_,,= 25 mRad, slope of Bbhabha
in neiboring 100 pRad bins to 25mR

SN(@25mR)/N(25-80 mR) <104 = .. M= [0 [
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Summary =

O LumiCal can be constructed for 1 uRad precision
O Multiple scattering to fiducial acceptance
error-on-mean systematics < 10

O Major systematic uncertainties to LumiCal/Luminosity
required for dr ~¥1 um, dz ~50 um
1. survey/monitoring precision of LumiCal position
2. beam, IP position
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