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CEPC Luminosity detector
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« Fast beam monitor: diamond detector option
e z=800-1050 mm, y=+12mm, X - +27mm;
e ~10 mRad, highest radiation field at CEPC
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Fast Luminosity monitor

* Fast and real time luminosity measurements:

* Sum of events from showering and directly traversing electrons.

 |P displacement along z-axis (x,y monitored by BPMs)
* Differentiate rates on +z v.s. -z to estimate IP offset
* Shower generated in 3 mm copper beam pipe, RMS about 30 mm

e E.g. with 2 mm strip pitch, IP precision: ~0.1 mm for x, 10 mm for z
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Design of Diamond Slab

* Detector at each side consists of 12 CVD diamond sensors

* CVD diamond sensors: 20x20 mm?, thickness of 500 um

e Strip: 19mm long and 0.9mm wide, with 0.1mm gap, (1 mm pitch)
* Charge collection

 MIP: >32,400 charges (~5.2 fC) per y-pitch;

e 240 electrodes iny direction and 20 in z direction

1 mm pitch
Ch.1 Ch.3 Ch.$5 Ch. 239
GND
GND =
C
7 = R
Bias = == = s SR AN ammes
Ch. 241 ‘ Diamond slab
i ‘ (12 Diamond microstrip detectors)
Ch. 260<H f i
Bias — B 4 AL L T R
i |||_T_—|_
11 mm GND — =
20 mm x 20 mm x 500 ym Diamond ) GND Ch.2 Ch-4 Ch 6 Ch. 240 GNP

Microstrip diamond sensor Microstrip readout for a diamond slab



Fabrication and Test

* Test module fabricated and tested
* An “old” 1x1 cm? and 300 pum polycrystal CVD diamond
1 mm electrode pitch using micro-fabrication processes;
 ~100pA leakage current under 1 V/um

* Full diamond slab prototype and the associated beam tests
planed in the next stage.
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Fabrication of Diamond sensor Diamond Test module |-V characteristics Current-integrated signal response to 24 Am
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Next Steps of Diamond FastLumi Monitor

e Step 1: Development of Diamond Sensors

Study both single-crystal 10x10 mm? and polycrystalline 20 x20 mm?

Fabricate 2-D diamond sensors with 1 mm pitch electrodes on both sides

Develop readout electronics: low-noise preamp and high-speed DAQ
Sensor characterization, e.g. response, time/spatial resolution, etc.

e Step 2: Prototype of Diamond Slab

Readout electronics for diamond slab prototype (multi-sensor array), e.g.
PCB design, multi-channel low-noise preamp, and ASIC/FPGA based DAQ,

Beam test and performance characterization of the detector prototype.
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Next Steps of Diamond FastLumi Monitor

Beijing Baoming

* Types of diamond wafers planned for purchase: Technology Co., Ltd.
mm
1 ocronicGrade) | 20:20°05mm? PMELEE NI Nssoppb 14,050
2 " actronio Grade) | 220%04mn? POUTICII NN NssOppp / 14,050 2
3 Elecronio Grade) | 2020<03mm? PORITRIE NN NeSopeb / 14,050 2
4 Single Crystal Dlamond 40,0, 3y Dovblesidedpolished.  yoqypyy, Yoy double eyl rookingaurve 150 6
5 Single Crystal Damond 1,0, gy DoUBlesidedpolished, yeqppyy, Yoy double eyl ookingaurve 190 6
6 Eecronio Gradey | 10X10x08m O Nssope O oS (oarcsed) | 10900 6
Total Price 317,250
S .

* Budget Estimate:
* Electronic Grade Diamond Material Cost: 317,250 RMB
* Micro/nano-fabrication and tests: ~ 350,000 RMB
* Electronics (PCB, pre-amp, etc.) : ~ 300,000 RMB

e
N ————————————— -



Tests at BESII| experiment

3.3m <z<3.5 m,
0=0 in CMS frame
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Summary

« Diamond radiation hardness has been extensively studied

« Diamond sensor based CEPC fast lumi. detector
e Design and simulation performed
* Micro-fabriaction procedure tested with an old diamond sensor
e Test with alpha-sources performed

* Next Steps of Diamond FastLumi Monitor
e Sensor fabrication with high quality diamond sesnors
* Readout electronics R&D
* Detector size prototyping
* Test at BESIIl experiment
* Budget Estimate: about 1 M RMB in total
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Schematic of Diamond slab
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Introduction

The e*e™ collision luminosity is measured by counting Bhabha elastic scattering in the

Luminosity Calorimeter (LumiCal) with silicon position detectors and rad-hard LYSO crystals
with the precision depending on the acceptance fiducial edges.

The leading order of Bhabha cross section, integrated over an angular coverage of
(0 min < 0 <0 max), is

B 16ma? 1 1 2]
’ S Hgnin B 9'??‘!6133 @60[}00_ i
L 1 .
The QED calculation for Bhabha interaction is precise to next- 500007 Bhabha ctoss? sec_tlon
to-leading order (NLO) of e'e” — e*ey. w000l § S-angle distribution
The integrated luminosity (L) with Nacc Bhabha events ‘
: 30000 1
detected is,
200001
L = EA’““, AL ~ QAQ_ 10000
€ 0 L lga1rm'n ols

002 004 006 008 0.1
6 Rad (50 R bin)

12




Introduction

Assist beam steering by observing scattering of electrons on both z-sides. The electrons shower profiles are
observed event by event. The integrated events pattern/rates along the z-positions can help monitoring the z-
position of IP.
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Introduction

Event rate

» Diamond slab covering
8~15 mRad (CMS)

« X-sec order of ~102 nb

» Eventrate at Z-pole,
L=1x103%/cm?s,
* rate = (100x10-33)
x (1x 10%) /s
=~100 kHz

Figure 1.10
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a) scattered electron distributions of BHLUMI simulations at CMS frame and after boost
for the 33 mRad beam crossing at CEPC. Events are generated for 10 < # < 80 mRad. The Acc0, Accl
are selections according to the BHLUMI for LEP applications. b) the back-to-back angles of ¢™ and e~ are

plotted for the generated and boosted, and the Acc0 selected with and without radiative photon.
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Introduction

The most radiation tolerant detector to be considered is a diamond slab segmented in strips to detect
electron showers generated in the copper beam pipe

» 2 diamond slab at |z| = 855~1110 mm,
e X=-27 mm,

« yfrom-12 mmto 12 mm {ﬂ“mm

A diamond slab composed
of diamond strip detectors

Corner of Diamond slab
xyz= (27,12, 1110)

9, ¢ = (0.0266, 2.723)
Bcms = 0.0101 Rad

The fast luminosity monitor slab is propose for i microstrip electrodes. 7 0, 1110
H \ | 0. @ 0.024
an assembly of 12 diamond sensors A Oens = 0.078 R
(20mmx20mm) comprises a total 240 strips, Coierof DR aEh
: ; xyz= (27,12, 855)
with a 1 mm pitch i o= (0,008 2 72
eCMs = 0.0180 Rad
* Integral event counts ~ 100kHz Midocne oL ol
. . xyz= (27,0, 855)
* ldentify the shower pattern ~ 1mm resolution™ z 8, ¢ = (0.0316, m)

e | Bcms = 0.0151 Rad
5cm
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Diamond sensors

The most radiation tolerant detector to be considered is a diamond slab segmented in strips to detect

electron showers generated in the copper beam pipe

» 2 diamond slab at |z| = 855~1110 mm,
e X=-27 mm,
 yfrom-12 mmto 12 mm

The fast luminosity monitor slab is propose for
an assembly of 12 diamond sensors
(20mmx20mm) comprises a total 240 strips,
with a 1 mm pitch

* Integral event counts ~ 100kHz
* Identify the shower pattern ~ 1mm resolution
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Test of Diamond sensors

« |V test of 2 polycrystalline diamond . . : o
. Dark current around 50~100 pA with 1V/um Current-integrated signal response to 4" Am
» Ohmic contact on surface

432.2
U am =5 BINp + 4’ + v 59.5409 keV

diamond_241Am_6mm_square_4strips_300V

=== Gauss Fit (u=1.50e-10, o=3.45e-12)
== Gauss Fit (4=1.63e-10, 0=5.12e-12)

N No 241Am
W with 241Am

IV test setup

S A

9°Sr41Am/"5°Co test setup

Diamond IV Characteristics (4 strips) Diamond IV Characteristics (8 strips) 13 14 15 16
80

~8- Total_Current 1801 $~ Total_Current . e
% - Efforts are ongoing to obtain high-quality
i, g single-crystal diamond and low-noise
£ amplification techniques for enhanced pulse
0 “ signal acquisition.
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