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Outline

® Bhabha cross section

boost by beam crossing, favoring small beam pipe
r< 30 mRad = o(Bhabha)>~50nb

® Beampipe material

smearing to electron impact position
shower leakage to Tracker

® GEANT with a cone shape beam pipe

® Perspectives for 10 luminosity precision



Luminosity measurement

o =41 nb

® Z-lineshape, ete” — Z — ({ is dominant, - _

® Luminosity is best provided by detecting\
Bhabha, efe™> e*e™, elastics scattering

— a pure QED process, theoretical MC to <0.1% precisior¥’ I

— triggering on a pair of scattered e*e"
E(e*) ~E,.,,, Back-to-Back
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Bhlumi calculations

Events

1. Theta range input : Thl, Th2
Xcru calculated for Thmin=0.7xTh1 to 2xTh2
2. KeyWgt=0 = event wgt=1, for simulation
count events in chosen condition
scale to Xcru

BARE1 X section: (of the bhlumi paper) .
Thl <8, and 6," <Th2, s’>0.5s 002 004 006 008 01

02 004 006 0.08 0.1
Use BARE1 as reference 6(p2) (Rad)

Theta accepted

o4~

Having photon (red histogram) or not
= 5 MeV precision

46.11 4+
4611 4612 4613 4614 4615 4618
E(p2) Gev |



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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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 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIlIIIIIIIIIIIIIIIIII

sec_BAREL

'_' sec_CALOZ

BARE1: .024<6,, 6, <.058 g
s’>0.5s _Tr|r||r|||||||_|||||||I||_

Hep-ph/9602393

demo.f

1000000 ev
KeyPia=0, KeyZet=0
CMS = 92.3 GeV

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

® Beam crossing 33 mRad

Focallength:

L* 1.5m 2.2 m

Beam pi p—es |

E
* Electronand positron beam stay clear (magnet, vacuum chamber)= important input into the beam pipe
_— shape design , connection from single pipe to double pipe is realized by flange CF35.

L3887

s h— T ~==""" "~ = The central part is Be pipe with the length of 14cm and inner diameter of 28mm.
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Bhabha back-to-back boosted by
CEPC 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 9



Bhabha X sec. vs
Lab beampipe options

Round beam pipe, 30 mRad

~ 100 7
E 801
> 604
401 h
20§
0 i
20}~
401
601
-801

B TS50 R4

Y

100 e
-100-80 -60 40 -20 0 20 40 60 80 100

X (mm)

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 coverage | cut off 130mm
Nevents | 457232 102535 20277 29194 19216
Xsec (nb) | 1168.3 262.0 51.81 74.60 49.10

-2 mRad radius = 20% increase in X section

Round beam

pipe, 28 mRad

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
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Bhabha measurement

LOW angle Bhabha on x-axis

Beam crossing: 33 mRad one electron detected (+x side)
—> Boost off ring center (+x axis) the other electron (-x side)
- offset 16.5 mRad maximum is boosted into beampipe
(electrons on x-z plane) NOT counted for Lumi meassurment

“LumiMonitor

BOOST
et e~ each offset
16.5 mRad

Proposal:
Insert Crystal Scint. LumiMon on outgoing pipe
to trigger/back-to-back for Bhabha <50mRad on x-axis
with one electron lost into beam pipe

Very hot region,
Low angle Bhabha
boosted outward
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Geant implementing new GEOM

¥ ZEEE (mm) ¢ FMEE (mm) ¢ T r
Be+s 0~70+ 284 BES <
Copper+ 70~200+ 284 BEY o
200~5004 28~354 s 7
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70 S N7
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 implementing new GEOM

. RUN NF 1
X3TE EVENT  NR i

Material thickness
traversing 2mm thick Cu beam pipe
2mm/L =sin (30mRad) L=33.34 mm
~2.3X,
2mm/L = sin (100mRad) L=10.02 mm
~0.7 X,

Xo(Cu) =1.44 cm

13



New Beam pipe is LAB centered Ji Quan
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SO GeV electron shower on beam pipe

GEANT simulation precision is 0.1 MeV

Beam pipe cone is at Theta= 130 mRad
Material is a Delta function at 130 mRad

shoot at 130 mrad, hit the cone pipe shoot at 134 mrad

RUN NR
X3TH EVENT NR




SO GeV electron shower vs. angle

Angle = 785 mRad. Angle = 130 mRad.
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Shower leakage, electron <1

S\

Negligible to Tracking volume

o W\Rad

R

i

ME

® Material ~ 2X0 (<3X0), energetic secondaries
go forward toward Q-pole
® Large angle secodaries are very low energy
(<100 MeV), mostly stopped by the 5 mm Fe TUBE

RUN NR 1
il EVENT NR 1

Angle = 95 mRad
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Shower on Z<970 smm Fe TUBE

Monitor particle hits before/after 5mm Fe support TUBE (r=123.4 mm)
50 GeV electrons at theta = 95 mRad edge of LumiCal

Shower by Flange and 2 layers of W (1X0)
Secondaries are behind Z>700mm

th_095mrad.rz

50
Hits passed Fe Smm TUBE (>1MeV)

P (MeV)

40 —

30 -
20 -

10

o 10 20 30 40 50

0.75

®* 3 hits on Scint. infout
5mm lron TUBE r=12.34(+.5) cm

r(hit) - r(.292) (cm)

0 10 20 30 40 50 60 70 80 90

{ Hits in Flange SiW

I'IZDI
Z(cm)

50 55 60 65 70 75
Z(cm)

Hits

d(deg)

th_095mrad.rz trig=100
3:;—- - Hits inside Fe Smm ID 41802
10 88 .82 hits/ev (av,) Entries 3120
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Shower on Z>9270 Smm Fe CONE

Particle hits before/after 5mm Fe CONE around LumiCal (r=123.4 mm @z=970mm)

50 GeV electrons at theta = 95 mRad
Shower by Flange and 2 layers of W (1X0)
Secondaries are behind Z>700mm, continue on at LummicCal

th_095mrad.rz th_095mrad.rz trig=100
< 50 T - Y 2] 1 .
2 1 " -Hits passed .992 cone (>1MeV) = 104 —  Hisentered 992 cong ID ¥
S - . i I TR 3, 787.06 hitsfev (av,) | Entries 39083
o . 10 o Hits passed .992 cong Mean 5.343
" ] : : ~--390.83 hits/ev (av.) RMS 59782
LI 102 gy e UDFLW 0.000 |
20 ° CTBVERL 0.000 []
I 10 -
10 ; |
] 1 3 traversed Fe cos=.99 |
RRERe) EE T | BRI R | R o A B R Pl
100 110 120 130 140 150 0 10 20 30 40 50 60 70 80 90 100
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=y ] AR, N x/ndl 218 ¢ 1
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o] =
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00 110 120 130 140 150 160 170 180 190 100 120 140 160 180 0 100 200 300
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5 mm Fe blocking shower to Tracker

GEANT particle momentum unit/precision is 0.1 MeV
5mm Fe surrounding beampipe, 2X0 Tunsteng in Flange, 20XO0 in LumiCal

® > 130 mRad
® @130 mRad
® ~100 mRad

=» shower caused by 5mm Fe layer
=>» max shower by beampipe, Q-pole edge
=» LumiCal leakage

=» < 100 mRad Tungsten, 2X0 in Flange has little leakage effect

Electron theta

Hits/event z<970mm

Hits/event z>970mm

Angle mRad outside/inside TUBE | outside/inside CONE
785 mRad 28.3/12.0 .029 / .003
140 mRad 75.8/10.8 32.7/16.4
135 mRad 80.7 /9.92 61.0/27.9
132 mRad 539 /1162 123 /122
130 mRad 444 [/ 1138 129 / 227
127 mRad 6.40/ 27.5 836 / 1605
124 mRad 1.88 / 4.84 9.46 / 28.4
118 mRad .023/.183 .036/.153
110 mRad .022 /.172 .031/.139
95 mRad 31.2/88.8 391 /787
80 mRad 25.1/72.4 81.6 /159

< Support Tube shower

< Beampipe shower

< Q-pole edge shower

< LumiCal edge shower
20



Precision on electron impact position

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

MR
EVENT NR

50 GeV electron, shoot LumCal center theta = 40 mRad

: So/1a

.‘
Al




Precision on electron impact position
Compare Flange having 2X0 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 smmcy 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

th_060mrad_w0.rz

No W inserted
T ndF 57, 7 13
onstart 3860

)E: (R kL

DBaE1

Spatial Resolution of
piled up hits

i
Eramanaa :\\5 . (50 GeV eleCtrOV\S)
— -
_ E: ««z|  Eront 2 Si-layers of Q-pole LumiCal
} \ Pileup of shower ~1 mm resolution
-10 -5 0 5 10
T
flen e
/ H\M Three Si layers at 2>670 mm
et
o o1 0 o1 oz NO Tungsten layers
%‘:&1 e Spatial resolution ~ 20 um
o S
F: L' -
. A
-0.2  -01 0 0.1 0.2 -0.2  -01 0 0.1 0.2
o T L BT
n__ Bant ' E Jr *Lga 10,1958E-01
] 50—: / v
0.2 . o] Ay |
-0.2 -0 0 0.1 0.2 -0.2 0.1 0 0.1 0.2
0.005 77 Z=515mm | 2007 : - ‘
: T 5 15tSi layer behinde Beampipe cone at Z=515 mm
° A R Hit deviation better than 1 pm
-0.005 +— — - - 0-— o :
-0.004 -0.002 0 0002 0.004 -0.004 -0.002 0 0.002 0004
dx (mm) dx (mm)
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Position(Hits) — Electron projected

th_0&80mrad.rz

1X0 W inserted

Eﬂ
onatart

7188 1 13
a2,

4785 ¢ 13
5508

A 4TTTEO2
1353

.

0

5 1

Fndl

Jmm

as&0 1 13
1477
O.5150E-03
0.2716E-01

&

] 1
|
_"—_’_,—’/IJ
02z -01

0

01 02

dx (mm)

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

1%tSi layer behinde Beampipe cone at Z=515 mm
Hit deviation better than 1 um
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Detector segmentation for LumiCal

Implementing a Si-W LumiCal in CEPC detector simulation

27 Geometry — hollow circle shape detector@ @2

Beam pipe code in macro file : /Mokka/init/EditGeometry/addSubDetector tube_cepc_v4

x 30 layer
o000

i . -
one layer one layer 30 layers (one side)
Alr gap

0.25mm

25



Detector segmentation for LumiCal

Vary the pixel size in Theta, LumiCal at Z=500 mm
v*y = Geometry of current LumiCal,

(4 layers tracker + calorimeter)

LumiCal three hits acceptance : 3.39" - 11.09°

Tracker : : 59 mRad - 193 mRad
Sector width : 20 - 75 um s B
Sector ¢ rotate : 3.75° tracker tracker tracker tracker Sector width : 1.4 mm
Position 500 mm
LumiCal inner radius : 30 mm
outer radius : 100 mm
4 074 mm
| Do p x 26 layer
— o0 e
= |
e = Sector width

one layer | one layer
Sector ¢ rotate Alr gap
* Sector width not to scale 501 912 mm 0.25mm
Electron with flat distribution was used in this report
Cheng Wei, Shih (NCU HEP, Taiwan) 2 2019/9/26

26



Detector segmentation for LumiCal

Pixel size in Theta, 75um (=.15mRad) LumiCal at Z=500 mm
LumiCal only, Electron hit position resolution ~ 2 mRad

= Angular difference at acceptance edge, @

——

* 75 um, case — 2.1 LumiCal

3.5° (61mRad) 10.5° (183 mRad)
( 4 tracker, 75Um )80 - Byye ( 4 tracker, 75UM )8geco - Bue

antries




Detector options

Electron impact position to 1 um precision
— fine pitch Si-wafer stick to beampipe
— covering theta range ~30 to 100 mRad

Electron/Photon ID

— Multiple Si-wafers to ID photon tracks
being originated from IP or beampipe fragmentation

Beam electron ID

— LumiCal segmentation for 1 mm resolution
— Could be Crystal + SiPM

Combined detection of Bhabha,
— Detect Bhabha single-electron Bhabha at low +X region
- Build far-forward tagger on —X electron (behind Q-pole)
to trigger Back-to-Back Bhabha

28
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