LumiCal behind Flange:

28-40 mm pipe with Y-crotch
and dual 20mm pipes
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® Multiple Scattering
before Flange: inner Lumi Si-wafers
after Flange: Y-crotch, Q-pole front
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Luminosity by Bhabha

® For Stanard Model Cross sections
Z-lineshape dominant: e'e-—Z —(J
SMevents: N=¢-|L

® Luminosity L
by counting Bhabha elastics scattering

ete” — e'e”

— QED process, theoretical < 0.1% precision
— detect a pair of back-to-back e*e

Bhabha cross section
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Luminosity pricision @ enof 6
Systematic error, Center-of-Mass frame =2 LUMINOSITY error

min

SL/L~2 69/9,, o :
SL/L < 1073 for Higgs factory S 600001 : Bhabha smeared by
> 63 =15 MRad @6 _. =30 mRad i 11 1.Multiple scattering
> OFFSET on th 200007 » / 2.Detector resolution
onthe 4{}[}[]{]-: il OFFSET on the mean
“mean of fiducial edge” ] ‘ ﬂ\ Causing systematic error
cause for SN on Bhabha counting 300001
@z =1000 mm, 6U = 15 uRad 20000 1 BHabha counted
corresponds to 1{}(}@{]- in Fiducial region
dz=0.1 mm or dr=Rx0=3um
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LumiCal design goal: 6 Rad (50 pR bin)

® Spatial resolution as sharp as possible

® Describe the reso./MS shape of 6<0 ;>
bin resolution ~ 3 uminr, or 100 uminz 9 -

min



Beam-pipe, 28 -40mm Round

~ Workshop_20200828_Dongguan7R5¢

5.5 Preliminary design of lumical
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» Detection Angle range: 38~80mrad > {2 lumical

» On the detection path, as little mass as possible il Jilumical < 8
» The structure of lumical is not yet determined, so the §_
support and cooling structure should be further

optimized and improved.
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Al pipe x = 200 - 700 mm, inner 0.5mm, outer 0.35 mm thick
Inner diameter @Z=200 ¢ =28 mm

Inner diameter @Z=675 @ =40 mm = atan = 29.6 mRad

Flange z=675~700, dia.=40 mm flat

Corner of 38 mRad @ Z=(700-25) mm

Radius = (700-25)*tan(.038) r=25.66 mm



1) Simple 28mm straight pipe

O Tube design, =28 mm, thickness (mm): 0.5 Al - 0.5 Air - 0,35 Air
O Si wafer attacked tightly

O Scintillator layer surrounding Al pipe
=>» observe Multiple-Scattering within Al pipe,

Az in Al-pipe: 20-40 mm

Acos(.99) =.14154 rad
409 ThFe SmmFe Acos(.992) = 1266 rad
Z=0~ 970 mm connecting to .
- 12.34cm ~+.5cm. FE ThO5 Zmm scin atan{123.6/970) = .12678 rad
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ThIS 2Zmm san I Acos| rl-}:E(!: rad
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. | L _ 2020 LumiCal geom
inner radius 28241 mm 0.35mm thick inner r=28/2+1 mm, 0.35 mm thick




1) 28mm pipe Multiple scattering

O 50 GeV electron traversing Al-pipe (mm): 0.5 Al - 0.5 Air - 0.35 Air

@ fixed theta, phi=0° S

EVENT NR

O Multiple scattering deviation simulated for $=28 mn
1. exiting Al-pipe (a Scintillator layer on surface)
2. no air-gap, Si-layer attached

th_040mrO00phi.rz
s |[O/ndf 49197/ 51 1 | X/ndf 2623 1 29| e
1 | Constant rﬂJ W] 38.73 4 | Constant f b 72.95
20 | Mean [ 1.0.3665E-02 07 | Mean \ -03140e04 | dz, dO
1 | sigma HF'J llp.7597€-01 1 | sigma* | ) 0.8327€-02 )
o O S S A e e p QAT SenEToAmm__~ 1 on Al-pipe suf
04 02 0 02 04 01 005 0 005 01
Z-Zref (mm) 0-0ref (mRad)
a0l | X/ ndf 4214 | 58 1 1/ ndf 3753 / 32
1 | Constant | 34.42 1 | Constant 4 66.97
20 | Mean JJFFJ [ruio.2864E-02 50 | Mean flml -0.1483E-03 dZ, do
1 i : - 1 i I 10 - i
0 ZSteS?E%le.brﬁ%?fnol 0 ZSIeE?rTglﬂrﬁplb.Srﬂ?pngE 02 on Octagon Si
04 02 0 02 04 01 005 0 005 01
Z-Zref (mm) 0-0ref (mRad)
50 GeV (0,9) o (2) o(0) 1/tan(0)
e (40 mR, 0°) 86 um 8.9 uRad 25.0
e (55 mR, 0°) 37 um 7.3 uRad 18.2
e (60 mR, 0°) 28 um 6.5 uRad 16.6




2) 28-40mm cone pipe (2021)

O Tilt the Al pipe from ¢=

thickness (mm): 0.5 A

O Si wafer parallel to z-axis r

28 mm to =40 mm
| - 0.5 Air — 0.35 Air
=22mm

min

=>air gap to Al-pipe, large Multiple Scattering

409 ThbFe Smm Fe
~ 970 mm connecting to

r=12.34cm ~+.5cm, FE

This

Th¥Ss 2Zmm scin
Z=0r-111cmr=15.7cm +.2cm

poor lumi si-wafer design !

Acos(.99) = .14154 rad
Acos(.992) = .1266 rad
atan{123.6/970) = .12678 rad

FgFe Flange 25mm
Z=675- 700mm
_r= 1127150 mm

2mim san
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FgAl Flange 25mm

Air gap =0.5cm

e 7=520 mm Z=675- 700mm
e 14 mm OuAl outer Al pipe r=20.~117. mm
. Z=200"675 mm R T — .
401 InBPipe full +-200 mm p9 Fpip flange pipe 1.5 mmt
InBPInnerEe pipe P @200 r=28/2+1 mm, 0.5mm thick e Fend Flange 20mm
Z=0~200 mm, @5?5 r=4ﬂ,|lr2+1 mim, 0.5mm th“:k. at 7=512 r=14 — 15.5 mm F=696 - 716
r=15.5"123.2 mm

inner diameter 28 mm 0.5mm thick

OuBP outer Be pipe
Z=200 mm
inner radius 28/2+1 mm 0.33mm thick

InAl Inner Cu pipe

@200 inner =282 mm 0.5mm thick
@675 inner r=40/2 mm



2) Multiple Scattering on Si ring (parallel)

O Al-pipe tilt 12.6 mRad ($28 to 40 mm)

O Si-layer (r=22mm) parallel to z-axis
=>» air-gap from IP ~ 100 mm
=>» multiple scattering effect is magnified !!
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2) Multiple Scattering on Si ring (stick-on)

O Al-pipe tilt 12.6 mRad ($28 to 40 mm) L 035035mr0800hL 510101

O Si-layer parallel to Al-pipe, gap = 1mm e e
EL Bis 0.ze27 SiH 5 017HEO1
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Multiple Scattering behind the Flange

the y-crotch $=40 to dual 20 mm pipes

is a low-mass, high cross section window
for Bhabha

Q= atan(10/50) =.1974 =11.31 deg MDI 2020.12.23
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3) Y-crotch window

o Duckbill slope on y-axis is 200 mRad, (z = 805-85
electron traversing distance ~ 10 mm

o Window on lab y-axis: 6 =15 - 25 mRad
Bhabha cross section in clean phi region °

O Electron 8 measured by Si r-¢ disk
before LYSO
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Slabs on top/down of the Y-crotch
z= 805 to 855 mm
slope =197 mRad (11.3 deg)
O Si wafer Imm above
=>» air gap from IP: 6~6.5 mm | ;
. . \
Multiple Scattering effect suppressed verﬂ much H(
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3) LumiCal Si-wafer spatial reso

50 GeV electron, all hits on Si wafers
(primary e and secondaries)

Scan vertically phi =90°
through Y-crotch window

Multiple scattering estimated on
1) Octagon surrounding Al-pipe

2) Flange Si-disk

3) Y-crotch up/down slabs

4) LYSO front Si-disk

Lab (6,¢) 1) o(z) OctSi | 2) o(x)FlgSi | 3) o(x) Y-cr. Si 4) o (X) Ly-Si | oo
£ {H44290 LySi=1 Z=900 mm!o - *’:""
e (15 mR, 90°) - - 0.55 um 5.3 um : o] e 3 ot
:g ° ] Jm : " 0.0025 |
e (20 mR, 900) - - 0-41 |.1m 6-5 |.lm > LdE weighted . " BA
e -0.04 -0.02 0 002 0.04 i -0.04 -002 0 0.02 0.04
e (25 mR, 90°) - - 0.88 um 9.8 um X-Xref (mm) X-Xref (mm)
B°® THa3690 DuckBil Z=810 mh - s e
e (30 mR, 90°) - - 95 um o fe27 éii-) o)
E Wl - _ ||
e (40 mR, 90°) 620 pm 52 um 129 um ¥ o= |
0,008 +—— e 0 P e ey
e (55 mR, 90°) 373 pum 58 um 114 pm 0.00 0 X—Xrif?:'lm) 0008 0 X_Xrgf?:m)
e (60 mR, 90°) 308 pum 65 um 111 pm
14




4) dual-20mm pipes, Lumical option

O round pipe $<20 mm @IP
split slowly to dual pipes, $=20 mm, at Y-crotch

1) LumiCal Si wafers, vertical y-axis r,;, =10 mm

=» gain very much Bhabha X.section

2) Si wafers parallel to beam center
= multiple scattering acceptable o(0) ~10 puRad

15



Boosted Bhabha distribution

O Bhabha symmetric to out-going beam center
boosted by the 33 mRad beam crossing

(x,y) = (16.5, 0) @ z=1000 mm

o High cross-section, low mass region:

phi ~ 60° to 120° to beam center

O Bhabha acceptance: both e* e- d%gcted

Lab frame @ z = 1000 mm
dual beampipe: r=10 mm
y-axis: |y|>10 mm,

X-aXiS: (+43 mRad to out-going
beam center)

Lab B(e*) > 26.5 mRad
Lab B(e”) > 59.5 mRad
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Bhabha cross-section, BHLUMI calculation

Beam crossing 33 mRad,

® et e boosted to +x, off ring center E

® back-to-back symmetric to
out-going beam center

(x,y) = (16.5, 0 mm) at z=+1000 mm

50 GeV beam, both e* e” detected
In fiducial range of r>30 mRad
v range = 30 - 80 mRad

Bhabha cross section > 50 nb

= 100——
g 605' -
40
20-

401
601
801

@z =1000 mm 2020.04 report

01
20

R B B R RERARRE
-100-80 -60 -40 -20 0 20 40 60 80 100

BHLUMI, 50 GeV Bhabha boosted for 33 mRad crossing |

CMS 10~ 80 mRad

LAB detect both electrons

off beampipe

off beampipe

BARE1
full phi coverage cut off £30 mm
Nevents 457232 29194 19216
Xsec (nb) | 1168.3 74.60 nb 49.10 nb

X (mm)
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Summary

O To gain Bhabha X.section > 50 nB
pushing for 06_.. <30 mRad, favoring vert. direction

n

O Precision luminosity, AfL~ 104
minimal multiple scattering effect

O LumiCal Si wafer
before Flange, surrounding beampipe
behind Flange, on Y-crotch, extend toward Q-pole

O Round 28-40 mm beampipe
Y-crotch window within 40mm is favored
for X.sec and multi. scattering

18
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