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outline

® Bhabha Luminosity

® Multiple Scattering
before Flange: inner Lumi Si-wafers
after Flange: Y-crotch, Q-pole front

® X-section with a 28-40 round pipe
Y-crotch acceptance

® LYSO calorimeter option
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Luminosity by Bhabha

® For Stanard Model Cross sections
Z-lineshape dominant: e'e™ —Z — (Q
SMevents: N=¢-JL
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® Luminosity L
by counting Bhabha elastics scattering
e'e” — e'e”
— QED process, theoretical < 0.1% precision
— detect a pair of back-to-back e*e
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Luminosity precision

Systematic error, Center-of-Mass frame offset on the mean of 0.

8L/L~2 89/9,,,
5[_/[_ <103 fOI" HiggSfaCtory eLUMINOSITY error

- 69 =15uRad @6_. =30 mRad
—> OFFSET on the

min

Bhabha J-angle distribution

7))
“mean of fiducial edge” @ 60000 § fll‘::blha/ smeare.d by
cause for 5N on Bhabha counting W 0000d /Z.DeL; ;’C/ioersrzgzrt’i’;i
z=1000 mm r=30mm, ] :
?3_15 uRad, dr =15 um 40000 i1I OFFSET on the mean
- )y - 1 . .
30000- 1 Causing systematic errqr
. . 20000 Bhabha counted
LumiCal design goal: : | in Fidudjal region
0, 10000
® Spatial resolution as sharp as possible 0ls

) 0.02 0.04 006 008 0.1
® Describe the reso./MS shape of 6<0_. > 6 Rad (50 uR bin)
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Beam-pipe, 28 -40 mm Round Workshop_20200828

5.5 Preliminary design of lumical

» Detection Angle range: 38~80mrad fefilumical

[ i lumical X 8

» On the detection path, as little mass as possible
» The structure of lumical is not yet determined, so the {)
support and cooling structure should be further

optimized and improved.

LumiCal access, 3,,,, = 38 mRad is too high

= Bhabha <40 nb s



Multiple scattering

O Spatial resolution on Bhabha electron impact position
= 0 of electrons, determine 6L/L

O GEANT simulation on multiple scattering
with silicon wafers surrounding beampipe
1. Round, straight beam pipe r=28 mm (CDR design)
Si-wafer // beam, air-gap
2. Round cone pipe r =28 - 40 - dual 20 mm
3. splitting pipes  x=20-35-dual 20 mm, y =20 mm




1) Multiple scattering, 28mm straight tuve

2020 LumiCal geom

O Tube, $=28 mm, thickness (mm): 0.5 Al — 0.5 Air'- 0.35 Air
O Si wafer attacked

O Scintillator layer surrounding Al pipe

=» observe Multiple-Scattering within Al pipe,

Az in Al-pipe: 20 to 40 mm

Acos(.99) = .14154 rad

;‘33:';;3 smm Fe fine ¢ Acos(.992) = 1266 rad
r—_12 34(;—.T+;c;nmnchEmg ° ThOS 2mm scin atan(123.6/970) = .12678 rad
- " r Z=0- 970 mm r= 12.3%cm +.2cm

ThI5S 2mm san

Z=0r-970 mm r= 12.32cm +.Zcm Fing 10m
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. r=55~1233.
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— 1= 15.35~55 mmill
W 223 FisiSi deck  FSOi SIW  two lay
___BpSSi octagon rmin =1.5453tm Z=522~524 Deck=3.5mmW+2
| Z=16 -520em
L&
15 mm 7=520 mm Fend Flange 20mm
—— 14 mm Z=696 - 716
401 InBPipe r=15.5-123.2 mm
INnBP Inner Be pipe InAl Inner Cu pipe Fpip flange pipe 1.5 mm thick
Z=0~118 mm, Z=118~500 mm, £=522-716 mm
inner diameter 28 mm 0.5mm thick inner diameter 28 mm 0.5mm thick atZ=512 r= 14 — 15.5 mm
OuBF outer Be pipe Oual outer Al pipe
Z=0~115 mm Z=0~115 mm

inner radius 28/2+1 mm 0.35mm thick inner r=28/2+1 mm, 0.25 mm thick



1) Multiple scattering, 28mm straight tuve

050 GeV electron traversing Al-pipe :

(0.5 mm Al - 0.5 mm Air - 0.35 mm Air)  dzd6 —PWoT
O Multiple scattering deviation

simulated for $=28 mm

1. exiting Al-pipe

2. Si-layer attached, no air-gap (nearest)
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2) 28-40mm cone pipe (2021)

O Tilt the Al pipe from $=28 mm to $=40 mm
thickness (mm): 0.5 Al = 0.5 Air — 0.35 Air

O Si wafer parallel to z-axis, r

min

=22mm

=»LONG (70~100 mm) air gap to Al-pipe, large Multiple Scattering

poor lumi si-wafer design !

ThOS 2mm scin

Z=0~111cm r=15.7cm +.2cm r= 112150 mm -

TbIs Zmm san
Z=0r-111mr= 15cm +.2cm

409 ThFe Smm Fe
r=15.2 cm ~+.5
z=0"118cm

Edge 15/118=tan(.1266)

e 15 mm
14 mm

—Oii5c 1=15.5,235mm +0.5m

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

FgFe Flange 25mm
Z=675- 700mm

Acos(297] FS0iSiW two la
1 OM~-TIS,1266 rad Deck=3. Snumi=,
R2Sn Si octagon rmin =4.4 cm  128~66 mBEd 2o~ _m=72112 mm
R15n Si octagon rmin =2.2 cm  64~33 MRadwup ] A0a-mrad = 33.1-167.11
7=34.0- 66.0 cm 32-ang.Eﬂ:5!—3 - @ 7= 564mm
—

FgAl Flange 25mm
£=675 T00mm
r=20.~112. mm

Air gap =0.5cm
OuAl outer Al pipe

Z=520 mm

401 InBPipe full +-200 mm p9
InBP Inner Be pipe

Z=0~200 mm,

inner diameter 28 mm 0.5mm thick

OuBP outer Be pipe
Z=0~200 mm
inner radius 28/241 mm 0.35mm thick

Z=200675 mm
@200 r=28/2+1 mm, 0.5mm thick
@675 r=40/2+1 mm, 0.5mm thick

InAl Inner Cu pipe
@200 inner r=28/2 mm 0.5mm thick
@675 inner r=40/2 mm



2) Multiple Scattering on Si ring (pamllel)

Jbeam plpe28fmu 085035mr090ph| fg1_Ox0urz

L . e o
0 Al-pipe tilt 12.6 mRad ($28 to 40 mm) { HERTE - /
0 Si-layer (r=22mm) parallel to beam (z-axis) I e
=>» air-gap extracted from IP 70 ~ 100 mm ” e o]
=>» multiple scattering effect is magnified !! N AT I S
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2) Multiple Scattering

O Al-pipe tilt 12.6 mRad (¢ 28 to 40 mm)
O Si-layer parallel to Al-pipe, gap = 1mm

=» air-gap from IP ~ 50 mm

Compare MS on Octagon Si layer,
primary track

on Si ring (stick-on)
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Multiple Scattering behind the

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

110

1omm Slab 2mm thick

1omm PiPe Inner surface ends r=20mm, 10mm

Slab inner pipe surface TPC cone
T i B B AT Bbsh abau, 5080
| aren > z=805-855mm
. Thick=2mm Al
P4 Slabjcenter: 25mm, -16mm

Al
Tube r=20 to dual tube r10

W ! LySi
| \ | 2=900-mm
v Si wafer

=~

e
R=20~10mm
=TT

InAl R=20mm R=20mm
T I=200mWm OuAl Z=B75mm =
InBP

OuBP

12mm

-

BPAlI Tube
r=20 mm
. . z=700-805mm fés
409 TbFe 5mm Fe Tbis TbOs 2mm Scin Thick=2mm J.li)rnr{l2
I =10 mm xc=

e = - g 7 e
z=0-111cm Edge 15/118=tan(.1266) @cosQ=992 [E°

mm
Thick=2mm Al

: € to dual tube

gA
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3) Y-crotch window

O Duckbill slope on y-axis is 200 mRad, (z=805-855mm, r yf/o mm) -
electron traversing distance < 10 mm /
o Window on lab y-axis: 6 =15 - 25 mRad
Bhabha cross section in clean phi region ~ 100 nb
O Electron 6 measured by Si r-¢ disk
before LYSO

7))
c
@ 600004
2 Bhabha
500007 Cross section
40000 |§
30000 4 ‘
20000 4
10000 -
) 4

0 T T
0.02 0.04 006 008 0.1

6 Rad (50 uR bin) 13




3) Si-wafers on Y-crotch

O Round pipe $=40 mm to dual pipes $=20 mm
Slabs on top/down of the Y-crotch
z= 805 to 855 mm

slope =197 mRad (11.3 deg)
O Si wafer 1Imm above

=» air gap from IP: 676.5 mm

Multiple Scattering effect suppressed very much R
__. 8=.025Rad
(s0s,21) (807.22k-1
T 4
“:9@ =.020 Rad
B p.\‘s\v ‘E'— (827.3,16.5)- "N\, (833.6,16.7) 6=.015 Rad
7 e g 197 mRad| N (857,12) :
3 3 o dual pipe
_a' Al pipe 2mm

Z=660mm Z=805m
Z=675mm
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3) LumiCal Si-water spatial reso

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

Scan vertically phi = 90°
through Y-crotch window

3) Y-crotch up/down slabs
4) LYSO front Si-disk

Lab (6,¢) 1) o(z) Oct Si 2) o(x) Flg Si 3) o(x) Y-cr. Si 4) o (x) Ly-Si

e (15 mR, 90°) - - 0.55 um 5.3 um
e (20 mR, 90°) - - 0.41 um 6.5 um
e (25 mR, 90°) - - 0.88 um 9.8 um
e (30 mR, 90°) - - 95 um

e (40 mR, 90°) 620 um 52 um 129 um
e (55 mR, 90°) 373 um 58 um 114 um
e (60 mR, 90°) 308 um 65 um 111 um

Multiple scattering estimated on
1) Octagon surrounding Al-pipe
2) Flange Si-disk

o
on

& Y-Yref (mmp

0008
E

O.EBE?
I
=
02027 -
). 4

-0.008 -

(=]
L | -

Iut'

(=]
o

X-Xref (mm)

{H44290 LySi=1Z=900 mm LN V.
) l0.005 3 o -
3 "& . 0.0025 - \
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004 002 0 002 004 0 002 004
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_ 0.1 o
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YdE weighted L
0005 0 0.005 0 0,005
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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 pRad
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Boosted Bhabha distribution

O

O

O

Bhabha symmetric to out-going beam center
boosted by the 33 mRad beam crossing
(x,y) = (16.5, 0) @ z= 1000 mm
High cross-section, low mass region:
phi ~ 60° to 120° to beam center
Bhabha acceptance: both e* e~ detected

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 ©(e*) > 26.5 mRad
Lab 6(e”) > 59.5 mRad

Lab frame @z=1000

Bhabha distributio

[ PO

.......

B e nng el

..........

....

.......

n
gﬂ

..........

..........

X (mm)
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Bhabha cross-section, BHLUMI calculation

Beam crossing 33 mRad, @z = 1000 mm 2020.04 report
~ 100 —— _

® e*e” boosted to +x, off ring center £ 80f:i7
® back-to-back symmetric to > B0t

out-going beam center ;2

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

-20

50 GeV beam, both e* e~ detected 403+
In fiducial range of r>30 mRad 60

9 range = 30 — 80 mRad =

100 b
-100-80 -60 -40 -20 0 20 40 60 80 100

Bhabha cross section > 50 nb X (mm)
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 130 mm
Nevents 457232 29194 19216
Xsec (nb) 1168.3 74.60 nb 49.10 nb 18




LYSO shower distribution

O Muon in 20 cm long LYSO
O GEANT at 40 mRad, dE/dx distributions

® Muon 50 GeV @40 mRad
® Multiple Scattering ~ 160 um

r(hits)-ref(90) mm

a0

o

Ju

r-a

=

from upstream

r(hits) — ref(z=900)
_dE'ldxdepgSItSInLYSO ............ ............
- 2:90:110 cm : : : : : :
500 925 R0 G75 1000 1025 1050 1075 1100
z2 mm

dEfdx

r(hits) — ref(z of hits)

ED_

10

K/mdf 52187 18
Corstant | S 21
hMean ﬂ -0,3938E-02

r hits)-ref(z) mm
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LYSO shower distribution

r(hits) — ref(z of hits)

@)

Electron shower in 20 cm long LYSO
O GEANT electron 50 GeV at 40 mRad

1 : : : : "l_.gjoﬂ_....;..ans.fgan.t_...;..........; ..... 895.9.
- Mean ;| -0.4060E-02

750]-tSeme [} 07704

o=
]

Mo
M.

@)

Shower spread ~1 mm width
o Shower max ~7cm long

 hits)-ref(z) mm

500 bbb

1
M2
A

0508 il i

Al

(E RS S S ——

r(hits) — ref(z=900) z mm

bt :
: : : : : : : : : o 1
8_ ..... dEdedepOSITSInLYSO .............. ............. ..... — ]
=z 90_110 Cm %DD_ ......................................................
6_ ..... [EEEPEETRPIRT e LT o TR e D

t(hits)-ref(90) mm

900 925 950 975 1000 1025 1050 1075 1100 0 Bk Too0 1os0 1100
Z mm z mm



LYSO shower distribution

Electron shower in 20 cm long LYSO r(hits) — ref(z of hits)
O GEANT electron 100 GeV at 40 mRad

@)

mm

A -  x'/ndf 5200 1 18
= : r : = hi | Constant | i 1818
000 - Meany i -Gt 351 B2

3%

@)

Shower spread ~1 mm, max ~7cm long

| Sigma f\ 0.?5?3
O Distributions 100 GeV grow in z Fo
compatible to 50 GeV

r(hits)-ref(z)

1
Mo

e . s Y e

adii

: 900 950 1000 1050 1100 T2 o 2 4
r(hits) — ref(z=900) z mm r(hits)-ref(z) mm

84 dE.’dXdEPOSItSInLYSO .............. ............. .....
: 2:90-110 cm r : g z z :

dE/dx

N
o
[=]
o

t( hits)-ref(90) mm

Mo

500 |-/ b

900 925 950 975 1000 1025 1050 1075 1100 0950 950 1000 1050 1100
Z mm Z mm
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Discussion: Bhabha fiducial region-r=

= 60 fiy

40 {-i-
o For Bhabha X.section > 50 nB 204
require O,., <30 mRad coverage, favor vert. direction 22

O Precision luminosity, AL~ 104 -
requires minimal multiple scattering effect B0 e
favor Y-crotch negative slope 100 56-80 760 40 20 0 20 40 60 80 10C
e X (mm)
O LumiCal Si wafer systems | /?“"

before Flange: surrounding beampipe inner det volumefﬁ
behind Flange: on Y-crotch, front of LYSO

22



RING CENTER

Discussion: Bhabha event ID

o Colliding electrons bunch crossing 32 ns

LumiCal |

e

FarForward

Bhabha detected with ¢ ., Tagger

’ g 00000 Bhabha x R
1. both +z, -z Calo’s E(cluster) > 0.5 E(beam) 2., Cross section AR S

. . Y A
2. back-to-back in phi o v oot
event dominate in low theta edge 20000 165 mRad
20000 Remote Vacuum
o CALO system 10000 " Connectofr’ "'

1. shower coverage ToRe ob4 o ote oi , ,

favor >15cm crystal bar for shower coverage
trade hori.-axis area to e.g. BPMs

2. segmentation (fine LYSO bars of 2x2mm)
fast DAQ - 32 ns/event
to eliminate event overlap
DAQ deadtime



	投影片編號 1
	outline
	Luminosity by Bhabha
	Luminosity precision
	Beam-pipe, 28-40 mm Round
	Multiple scattering 
	1) Multiple scattering, 28mm straight tube
	1) Multiple scattering, 28mm straight tube
	2) 28-40mm cone pipe   (2021)
	2) Multiple Scattering on Si ring (parallel) 
	2) Multiple Scattering on Si ring (stick-on) 
	Multiple Scattering behind the Flange
	3) Y-crotch window
	3) Si-wafers on Y-crotch
	3) LumiCal Si-wafer spatial resolution
	4) dual-20mm pipes, Lumical option
	Boosted Bhabha distribution
	Bhabha cross-section,  BHLUMI calculation  
	LYSO shower distribution
	LYSO shower distribution
	LYSO shower distribution
	Discussion: Bhabha fiducial region
	Discussion: Bhabha event ID

