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Outline

® BHLUMI : Bhabha cross section

boost by beam crossing, small beam pipe

0 <30 mRad = o(Bhabha)>~50nb
OVAL beampipe to opmitize coverage

® GEANT : intrinsic spatial resolution

beampipe cone shape
beampipe tube shape

® LumiDET : beampipe r, flange z 2 6 < 30 mRad

Inner-Det Si volume : wafer surrounding beampipe
beampipe Flange : Si disks

Q-pole front : calorimeter : LYSO 2x2 mm? bars
outgoing beampipe : Far-Forward Tagger



Luminosity measurement

® Reference to Z-lineshape, e*e" > Z > qq
® Luminosity of e*e™ collisions
by measuring Bhabha elastics scattering

ete” = efe”

— QED process, theoretical < 0.1% precision
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Luminosity precision

i . Bhabha J-angle distribution
Dominant systematic error -
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For a precision of 6L/L < 103 40000 “ / \
LumiCalat z=+1m, = 6__=30mRad 300001
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Error due to offset on Z 1{}(}[1{1- ) region
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LumiDET design goal: 2d (30 uA bin)

® Spatial res. narrow offset of
® meanon®_. <1mRad ™ the meanon 0.

= LUMINOSITY error



Bhabha detection

LO Bhabha
| | OPAL
® c'e” — e’e” elastics scattering g4 pomT T TR e
. 2 Ca) e
Event signature w12 [
1. E(ei) = Ebeam w 1 :__.'_
2. e*, e” Back-to-Back 08 F-.
® NLO e'e” — e'ey 06 |
~1% events 04
1. e*, e” approximately Back-to-Back 0.2 Eir
2. one electron E’' < E ., ¢ U:‘T

3. Detector e/y ID, spatial resolution

X, Y4
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Study with BHLUMI

0 scattered eey distribution
O cross section
0 33 mRad beam crossing

= boosted eey distribution



BHLUMI theovretical precision

Bhlumi 4.04 writeup: CERN-TH/96-158

cds.cern.ch/record/310621/files/th-96-158.ps.gz
http://cern.ch/~jadach/public/Bhlumi-linux-4.04-export_2002.11.05.tar.gz

Theory uncertainty: 0.25% was BHLUMI 2, reported in CPC package paper
http://inspirehep.net/record/321226?In=en
The latest BHLUMI 4 report is pushed to < 0.1%

Evolution of luminosity theoretical error at LEP1
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BHLUMI calculations

1. Theta range input : Thl, Th2 % 1045\

Xcru calculated for Thmin=0.7xTh1 to 2xTh2 1|
2. KeyWgt=0 =» event wgt=1, for simulation 103 |

count events in chosen condition [ )

scale to Xcru 10 25 |
BARE1 X section: (of the bhlumi paper) o f

Thl <6, and 6, <Th2, s’>0.5s 505 00i 086 088 07

Use BARE1 as reference 6(p2) (Rad)

E 46189 Theta accepted
g s m—
Having photon (red) "1
or not at mZ 46.13-:,:'-:- SEEIREEEHI RS LIRS
=>» 5 MeV precision w2l ff;’i':’ IO

6.114—
46.11 46.12 46.13 4614 46.15 46.16
E(p2) GeV



Reproduce BHLUMI to 0.1%

Bhlumi-linux-4.04-export_2002.11.05.tar.gz
Compiled by g77 on SL6, demo.f produce numbers as in paper
CERN-TH/96-158 ||||||_||||||||||||||""' """"""""'|'|q|||||||||||||||||||||

BARE1: .024<0,’, 0,’ <.058
s’>0.5s

Hep-ph/9602393

demo. f

1000000 ev

KeyPia=0, KeyZet=0

QNS = 92.3 GeV S

Xsec_BARE1 = 162.5295 Nanob. Zmin | BHLUMI [nb|

Error = 0.2061 Nanob.

Table 14: Monte Carlo results for the symmetric Wide-Wide ES's BAREIL, 100 1668?2 - .006

for matrix elements beyond first order. Z exchange, up-down interference 300 | 165.374 -+ .006

switched off. The center of mass energy is \/s = 92.3 GeV. Not available x R00 | 162.530 + .006
Hep-ph/9602393 700 | 155.668 + .006

900 | 137.342 £ .006




CEPC beam crossing

CEPC double Ring

Focallength:
L*1.5m >2.2m

0.2r

0.1

Cos6=0.993

Lus]

Beam crossing 33 mRad

ical

QDo ___

Bellow
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Bhabha back-to-back boosted by
33 mRad beam crossing

® Bhlumielectrons boosted for the 33 beam crossing
by ~16.5 mRad to +x direction

® Compared for Bhabha selection conditions

Qpenmg angle —pi of scatterede+ e- Bhabha at detector plane Z=1m

] CM frame ----- Allgen E 607
] Lab frame i -+--8>i20 mRad E '

o

10 6_:___________é___________i________ _'_ e 3_/3. 2. D 5 = 40 _r
' : ’ —+— R > R
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Bhabha X sec. vs Lab z-axis round pipe

® CMS generated th1=10 mRad =» boosted +16.5mRad, +X are low angle Bhabha
® Assuming beam pipe is LAB z-axis centered, radius = 30 mRad (r=30mm @z=1m)
at x=4+30 mm, Bhabha electrons are of 6=13.5 mRad

=>» Off beam pipe, detect: one electron (262 nb) / both electrons (74.6 nb) = 3.51
=»Hori. cut +/-30mm: one electron (51.8 nb) / both electrons (49.1 nb) = 1.05

Hits of ONE Bhabha electrons Hits of eIectrons both detected
E 122 _______ _______ _______ P2 5hItS.atZ 1m E 100% el P2 hlts:atZ 1m
> 60 - I St e e > 60—5----} A AR o -
40_J _____ VL - 40_ _______ _____ P
20 1 ohe :
ot T o
20} 4 20l
40 F kot 40 F
OTTACC off by 924252 o9 b ritibL0 0638494
801 ACC‘I offbp Xbar=0. 044341; 807 Acc1"aﬁ'bp'xtjar:o"oztzozea

~100-80 60 40 20 0 20 40 60 80 100 DO100 8060 -40 20 0 20 40 60 80 100
(Lab Z=1m) X mm (Lab Z=1m) X mm 12



Bhabha
X section

Round beam pipe, r= 30 mRad

6F hits

i r=30mRa

""" “%gu

B0}

; -

i

--------------

B e i A S
-100-80 -60 -40 -20 0 20 40 60 80 100

X (mm)
CMS 10 ~ 80 mRad LAB detect ONE electron LAB detect both electrons
BAREL off beampipe off beampipe off beampipe off beampipe
full phi coverage | cut off £30mm | full phi coverage | cut off £30 mm
Nevents | 457232 102535 20277 29194 19216
Xsec (nb) | 1168.3 262.0 51.81 74.60 49.10

-2 mRad in radius (=28 mrad) = 20% increase in X section

CMS 10 ~ 80 mRad LAB ONE electron LAB both electrons
off beampipe off beampipe off beampipe off beampipe
BARE1 ) .
full phi coverage | cut off £30mm | full phi covearge | cut off £30mm
Nevents | 457232 135842 24236 34847 23010
Xsec (nb) | 1168.3 347.1 61.93 89.04 58.80 B
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Bhabha ONE electron detection

w. Far Forward Tagger

Beam crossing: 33 mRad

- Boost off ring center (+x axis)

- offset 16.5 mRad maximum
(electrons on x-z plane)

RING CENTER

FarForward
Tagger

FarForward
Tagger

1 BOOST
et e each offset

Proposal: 16.5 mRad

Far Forward Tagger on outgoing pipe
= trigger/back-to-back of low angle electrons
=2 <50 mRad on x-axis lost into beam pipe

y (mm)

LOW angle Bhabha on x-axis

one electron detected (+x side)

the other electron (-x side)

is boosted into beampipe

NOT counted for Lumi meassurment

100
801
60 ]
40

) 80 100
\Y f'mnq)

~100-80 -60-40-20 0 2

Very hot region,
Low angle Bhabha
boosted outward



BHLUMI study summary

O

33 mRad boost to +x direction
Lab frame asymmetrical coverage

Bhabha ©,,., ~30 mRad for ~50 nb
having both back-to-back electrons detected

An OVAL shape Beampipe
space to LumIiDET in y = gain to Bhabha

F.F tagger to trigger Bhabha
w. one electron in LumiCal fiducial region
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LumiCal in MDI region

Lumi Si wafers before/behind Flange
15t impact Si-wafer <5 um
Tracker/preshower layers in flange
for Bhabha ID, e/y separation

LumiCal on Quadruple @z ~ 1 m
Bhabha electron shower energy

200

Beam Pipe ()

GEANT studies

— Spatial resolution of electron hits
— Shower leakage to TPC
tracking volume (zto* 2 m)

-200

IPC

0 \1000 2000

Beam pipe
flangepp



GEANT simulation for spatial resolution

- A package used for test-beam Si calorimetry study
lateral shower spectrum agree with data

— LumiCal in CDR: a SiW sandwich detector
no upstream material

— post-CDR: a Cone shape beam plpe
best spatial resolution e

- tube shape beam-pipe
=>» spatial resolution
w. Octagon Si wafers
surrounding beampipe




New Beam pipe is LAB centered Ji Quan
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Precision on electron impact position

GEANT simulation precision is 0.1 MeV

Si wafer behind beam-pipe cone face, whatever material thickness,
Impact position is not effected by multiple scattering/fragmentation
=» Better than 1 um

50 GeV electron, shoot LumCal center theta =

//

X3TB RUN _ NR ! X3TB

EVENT NR 24

\ So/1a
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SO GeV electron shower vs. angle

Angle = 785 mRad. Angle = 130 mRad.
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N

Angle = 135 mRad.

__,T _

IN3A3
Tt

/.
I

4
R

Angle = 127 mRad.

N

Angle = 124 mRad.
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Angle = 110 mRad.
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Precision on electron impact position
Compare Flange having two 1X0 Tungsten layers OR NOT

GEANT particles of 0.1MeV
Hits of shower secondaries on Si layers

= 10 — 500 —
s . Inn.Det. Flange Si hits ] ~Q-pole LumiCall Si hits
£ 87 No W inserted 400 I
< 6+ s007 LEEERAL. € Flange has
1% layer behind BeamPipe 1 jasi E!!i SRR NO T |
19 faceof Smmcu Jaod TR ungsten layers
2 ¥ 100 g1 TRRRELLL
D . T T I T T T I T T T T T T U_:QTI !.I : T T | T T | : - I!Ie‘él T
50 55 60 65 70 100 1025 105 1075 110
Z (cm) Z (cm)
=200 - — 500 ——
= = Inn.Det. Flange Si hits ] ., Q-pole LumiCall Si hits
< 150 1X0 W inserted 4003 ity
Z T ERIIHIITEE € Flange has 1X0
100 : R AR I I RN
: 200 BEETITREEL D 2 Tungsten layers
50 PP ES RRRRRRRL I FYREROEE
; e 15 RALLITTYNNY
D “I | | LI | | I 1 I I‘ .I D -t LI | LI | | | I I.| - I 1_m_|_'
50 55 60 65 /0 100 1025 105 1075 110
Z (cm) Z (cm)
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Position(Hits) — Electron projected
Mo W inserted

th_060mrad_wil.rz

Spatial Resolution of

E‘ /E{::ﬂ 2157 rlﬁlja .{ d h °
= j= = piled up hits
— = (50 GeV electrons)
— -
E:; ««z|  Eront 2 Si-layers of Q-pole LumiCal
§ Pileup of shower ~1 mm resolution
5 0 5 10
0.2 1 . ] ‘;;nc:ﬂ 1208 ;51:
] L . 100_: if tean 0 1253602
o e 0 i —— :
. o Three Si layers at 2>670 mm
0.2 R
0z 01 0 01 02 "9z 61 0 o1 oz NO Tungsten layers
7 ] Indl 1448 [ 13 - -
" 100 r@“ P Spatial resolution ~ 20 um
D—_ E ¢ 0.1954E-01 >
] 50 i
0.2 - 0] Y
-0.2  -01 0 01 0.2 -0.2  -01 0 01 0.2
0.2 ‘;r-’;c:ﬂ 053 ;glg
0 11
] I
0.2 - ~ ,.rurl My, _
-0.2 -0.2 01 0 01 0.2
0.005 ) i )
_ 15t Si layer behind Beampipe cone at Z=515 mm
0 . —
] il Hit deviation better than 1 um
oS 30a 0002 0 0002 0004 | 0004 0.002 0 000z 0.004
dx (mm) dx (mm)
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Position(Hits) — Electron projected

th_0&80mrad.rz

1X0 W inserted

Eﬂ
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Jmm

as&0 1 13
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O.5150E-03
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] 1
|
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02z -01

0
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Fndl 1326 4 13
onatil 7284
m  onsseo
500 f
/ H.L
0 )d_/H
-0.2 0.1 0 0.1 0.2
4 it 1586 1 13
100 ] onstiril 1089
=] N DA4TIEE-O3
] | ;;a 0.1781E-D1
50 ¢
] ] R
0.2 o r L -
-0.2 -0 o 0.1 0.2 -0.2 -0 0 0.1 0.2
0.005 E
] Z=515mm | 200
0 B '-H“#{!"' 100
0,005 ———— T T : — 0 T T |J] T
-0.004 -0.002 0 0.002 0.004 -0.004 -0002 0 0002 0.004

dx (mm)

Spatial Resolution of
piled up hits
(50 GeV electrons)

Front 2 Si-layers of Q-pole LumiCal
Pileup of shower ~1 mm resolution

Three Si layers at 2>670 mm
Two 1X0 Tungsten layers behind Si wafers
Spatial resolution ~ 20 pm

e

15t Si layer behind Beampipe cone at Z=515 mm
Hit deviation better than 1 um
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Beampipe post-CDR

1.Be FIEEA 140mm » Z $3E-70~70mm = +
2. L ERIAE e ERFENR TETERME - E=EHE T 1P HE -+

LT T A

#fe 7R (mm) © B (mm) @ {Ere
Be+ 0~70+ 284 BE
Copper+ 70~200+ 284 BEY
200~500+ 28~354 THE
500~700+ 35~304 - BSEETE
Be Cu_
_—‘n \ h
\ 1 1 S
a \ S 1", = ﬁ- 3
S\ 9 i
i I Jr—Jr“ [ .
1 1
| | i ¥, —
70 e N
500
. . 700
Beam pipe drawing after CDR 110092
Assuming a tube beam=pipe joint of Be, Cu ‘

Electron Traversing 2mm Cu pipe > very “THICK” in forward direction
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GEANT with post-CDR beam-pipe

- FUM M 1
X3TE EVEMT  NE 2

Material thickness

traversing 2mm thick Cu beam pipe
2mm/L=tan(30 mRad) L=33.34mm ~23X, /
2mm/L = tan(100 mRad) L=10.02mm ~0.7X, / /

At Z=50cm passing Imm Cu ~ 1X, material

Radiation length
http://pdg.lbl.gov/2014/AtomicNuclearProperties/

X0(Be) = 35.28cm
XO(Al) = 8.90 cm
X0(Si1) = 9.37 cm
XO(Fe) = 1.76 cm
XO0(Cu) = 1.44 cm
XoWw) = 0.35 cm

25


http://pdg.lbl.gov/2014/AtomicNuclearProperties/�

Flat tube beam-pipe (2020 practice)

acos(.99) = 141.54 mRad @Z=118 - r=16.81 (=tanQ*118)
acos(.992)=126.58 mRad @7=118 - r=15.02 mm
Q= 100mRad @Z=118 = r=11.84 mm @Z=153 = r=15.35mm
Acos(.99) = .14154 rad
Acos(.992) =.1266 rad

TbOS 2mm scin atan(123.6/970) = .12678 rad
Z=0~970 mm r=12.39cm +.2cm

409 ThFe 5mm Fe
Z=0~ 970 mm connecting to
r=12.34cm ~+.5cm, FE

TbIS 2mm scin
Z=0~970 mm r=12.32cm +.2cm

Acos(. b rad

FlIng 10m
Z=520~530
r=55~123.2

Al dual tubes Fuin window
.Smm, .35 mm thick

ick flange

SiW edge

100 mrad

419 FLSi Si deck FSO0i SiW two laye
7=522~524 Deck=3.5mmW+2
R=15.5-55. mm R=15.5-70. mm

: i 22590 mm Fend Flange 20mm
14 mm 7-696 - 716

401 InBPipe r=15.57123.2 mm
InBP Inner Be pipe InAl Inner Al pipe Fpip flange pipe 1.5 mm thick

Z=0~118 mm, Z=118~500 mm, Z=522-716 mm

inner diameter 28 mm 0.5mm thick inner diameter 28 mm 0.5mm thick at Z=512 r=14 -15.5 mm

OuBP outer Be pipe OuAl outer Al pipe

Z=0~115 mm Z=0~115 mm

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



Si octagon wafers surrounding beampipe

Si wafer attach to beampipe
=>» Impact position w. minimum effect
multiglesscattering/shower |




y (mm)
2 888 8

th_055mrad.rz

g 5883,

¥ position

N(hits)

UARARREEAN LALAS LAY LRARE ALY LUALN LAARE RRRLE LARL
-50 -40 -30 -20 -10 0 10 20 30 40 S0

x (mm)

Octagon Si wafers

20 p 500
1 ¥  Inn.Det. Flange Si hitg ] Q- -pole LumiGalI Si hits
15 No W inserted ‘mn_g
102 Flange front layer 300 - '
T R
59 5. 100 - ‘
ﬂ::.: e ﬂ_;‘r! ““l
40 50 60 70 100 1n25 11:i5 1n?5 11n
Z (cm) Z (cm)
100 500
- Inn.Det. Flange Si hits E i‘.'.‘r pﬂle LumiCall Si hits
80 - 1X0 W inserted 400 -
0 INEEY “
20 } 100 ;‘ ‘ ‘ *
ﬂ ] ili — ..!.I —— T j': I ﬂ ‘M
40 50 60 70 mn 1ﬂ25 11:i5 1ﬂ?5 110
Z (cm) Z (cm)

Precision on electron impact

Hits of shower secondaries on Si layers

€ Flange has
NO Tungsten layers

€ Flange has two
1X0 Tungsten layers
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Position(Hits) — Electron shower

Piled up of shower hits

th_055mrad_w0.rz No W inserted
] . ; ; — | 5000 ¢ /nal 3579, ¢ 13
o 1 o ( 50 GeV electrons)
10-;0 --5 0 5 10 ﬂ-;ﬂ -5 _#Jﬂ. 5 10
105 —Z=TO0DMAT] 5001 ;E:;; ==  Front 2 Si-layers of Q-pole LumiCal
1 L  Je= = Pileup of shower ~1 mm resolution
M 5 0 5 10 "d0 5 0 5 10
05 - .. S L ] "/ ndf 1543 ! 13 e
R R Jﬁf g
PSS R U P ISP ST L VU Three Si layers at 2>670 mm
04 0.2 0 0.2 04 L4 0.2 ] 02 0.4
_ NO Tungsten layers
ﬂ— —
04
04
o 15t Si layer behind flange at Z=515 mm
ey
04
- Octagon Si layers surrounding beampipe
o4 st
] 15t layer o=50um
0.4
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Position(Hits) —

Electron shower

1X0

th_055mrad.rz

W inserted

Aol 1677, | 13
S orestan 4396
kA 02061201
r 0LEES
] 5 10
raf 1047 /13
- onstant 5175
i n 05114201
e 1.111
T

04 02

02 04

Piled up of shower hits
(50 GeV electrons)

Front 2 Si-layers of Q-pole LumiCal
Pileup of shower ~1 mm resolution

Three Si layers at Z>670 mm
Two 1XO0 Tungsten layers
between Si wafers

S—

15tSi layer behind flange at Z=515 mm

Octagon Si layers surrounding beampipe

1st [ayer 0= 55 um

0
05; - i f= 575 mm
0-; wm“
05—
04 02 0 02 04
0 ] . . Z=515mm ]
0 BT B /ﬂ\k\
05- 40'4I 02 0 54 oz o POy
e ' r?x t‘mm\ ' dx (mm) =
p—\ﬂ ] 1004 ]
e ]
£ 07
— ] ]
g 5 0—L— s
L= 4 2 0 2 4 -4 -2 0 2 4
0.5 3 ! 1027 | 13
] i t TS
= FULI ) 50— ‘.‘\HJ‘( Man 0.4 108E01
] : | = 05454201
8- 04 D2 2 04 0- 04 02 0 LLﬂZMM
o d (mim) o dz (mm) —
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LumiCal tracking (CDR proposal)

® |P + Diamond = calibrate Lumi strip position
® Diamond + LumiCal =» measure IP size

Calibrate offset of the mean of error at inner radius
Silicon strip resolution ~5 um, error on mean CAN reach 1 um,

= 6L/L ~0.01 %

Diamond rings Fine segmentation of

IP 0<100 um
N for calibration BGO crystal
_J
I |
J
: ) =
Use diamond
Ring edges r
To calibrate Strip edge

To calibrate
31



Octagon Si-wafers

LumiCal tracking

. . Radius 15
for luminosity 6L/L = 107 adits >
at z=50 cm, 8=30 mRad = 69 =.75 uRad or dr=.75um
scaling to dz by 1/tan(.030)=33 = dz =25 um \

Si strip, pitch in Z, 300 um thick = traversing distance in z=10 mm
Si wafer coverage (30-100 mRad) -2 z range 150 — 500 mm

Assuming Si strip pitch = 100 um (fire 100 strips @ 30mRad)
resolution is determined by the fraction of entrance strip (low z) ===

=» Optimized the pitch vs the 25 um resolution requirement j \
and resolution distraction for the error on mean

P 6<100 um LYSO + SiPM
2x2 mm? strips

o 1

‘L
*
- |
Octagon

In Flange
32



Far-forward tagger

Bhabha scattered electrons

Symmetric to out-going beam-pipe, NOT the LAB frame

=>hit @ +x Lab frame : ¢ , . is 16.5 mRad lower

=>»LumiCal @ Lab +x region is VERY HOT by low $ beam electrons
tag Bhabha electrons by far-forward tagger
back-to-back in 8/¢p to LumiCal hit

Detector option:
LYSO+SiPM in aring, slide to position

Boost due to
33mRad beam crossing

Far forward
Lab z-axis
tagger

LumiCal

Far forward
tagger



Far-forward tagger
Luminosity, Bhabha I Z & :

1. back-to-back colliding electrons 3122.

2. Electron(+ISR photon) = Ebeam % so

3. &M@ > Z(qq) at Z-pole, 41 nb 401
204

LumiCal challenge :

1. Beampipe BR#lI ©min = 30 mRad 200

2. Beam crossing, x-axis @min = Omin +33/2 mrad
- -x 73[a electron # i # beampipe, #E A 1/3

> Bhabha #T > 41 nb HE ol A 8\
-100-80 -60-40-20 0 20 40 60%0 100
LumiCal 3% 5t PE I v
1. Inner Tube, @z= 500 mm, Cone beampipe JAZEE 7 - Recover
Sgﬁjtj%l{sl'ﬁﬂtg ’ %EZJ%E/\J Bhabha ”SingIe Electron Bhabha”

> ABEMCalo, &% shower background to tracker
2. Q-pole front, @z=1000 mm, BEilnBEbeampipe #1i} - : :
3 full Calo, % electron Ebearn, Bhabha Theta fif EHIAORTIOR
3. Q-pole outgoing beampipe, @ Z>2000 mm
beam monitoring, BI€/\&E Bhabha,
PI#EAS - 1B AI2cmE 2~5cmE - phi #A73El - Z%E beam electron
> ERIIHEBER, -x A [@#Eboost # beampipe Bhabha - 73 &85 trigger
Pl back-to-back coincident - 5—1i% “single electron Bhabha" ZiFZHIEZIHY
=Lt Bbabha - 2 33mRad E%880 1/3E4I1E M

with Far-forward



RING CENTER

LumiCa{ A

farForward

FarForward
N Tagger

Tagger

BOOST
et e each offset
16.5 mRad
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