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ATLAS Beam Conditions Monitor ATLACPITE 8%

 Beam Conditions Monitor (BCM) in ATLAS at the LHC:
e Based on radiation tolerant diamond sensors 3 ﬂfxﬁ%mﬂ?ﬁ?n
* Installed since 2008 O ik

* Located in the Pixel Detectoratz=+ 184 cm, r=5.5cm
* NIEL1 x 10%° neq/cmz, TID 50 Mrad, charged particle flux up to 60 MHz/cm?

r [cm]

* BCM provides bunch-by-bunch detection for Beam Protection and Luminosity

measurement: "9F 107
* Per-bunch fast safety system (abort) Can abort LHC beam to protect — _
* Background monitoring the tracking detector 100 150 200 250 300 10"
* Per-bunch luminosity meter (lumi) [ATLAS ITk Pixel TDR]

e HL-LHC: particle density will increase by almost an order of magnitude
* Charged particle flux up to 230 MHz/cm? at pile up p =200
* NIEL 3 x 10*> n_./cm?, TID 300 Mrad after 2000 fb™* (including x 1.5 safety factor) “E

r [cm]

A new BCM' system will be installed in ATLAS ITk in 2024
BCM' group: OSU, JSI, Manchester, Wiener Neustadt, CERN

107
" 10°
10°
10
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BCM' overview ATLAS X 1Tk 82

* Located within the new ATLAS ITk Pixel Inner system
on both detector sides at r =100 mm, z =+ 1800 mm

(6.25 ns) from Interaction Point ATLAS Tk Inner Pixel Rings  BCM” ring position
s | - soomtm | [ | LT |
* Collision/background separation based on Time of 1B ' _
Flight 50 e | LA
0 =T i | ; ; ; | . . . : | .
* Luminosity: Collision products arrive simultaneously 0 500 1000 1500 2000 2500 3000 3500
on both detector sides (in-time) z [mm]
* Beam protection: Background arrives out-of-time,
12.5 ns interval between two sides P BCM TOF concept
* Four stations per each side of the detector o N * Collisions: in time
-' T - * Background: out of time

* Multiple detectors by function acny |
. b _% |
* Abort (dynamic range 10> MIP) & stations | a‘
« Beam Loss Monitor (BLM) — slow, integrating, v
electronics copied from LHC machine | " |

-\ Luminosity (single MIP sensitivity) | \3/

|

Each with own sensor k [2008 JINST 3 P02004] /
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BCM' sensors ATLAS ¥ ITk 3::

* Sensitivity on very broad range of particle fluxes required d detector |
* Four orders of magnitude, y,g,=0.01 2 M, 1imate = 200 Dtype

<

* Dynamic range flexibility by segmenting the sensor into pads of varying
size

* Three types of polycrystalline chemical vapor deposition (pCVD) 3-d test
diamond sensors and one silicon sensor per station: structures

* 5mm x5 mm (abort), four pads
* 10 mm x 10 mm (lumi), three pads (size 1 mm?—-50 mm?)

* 1 mm x 1 mm 3D (lumi), single pad, hex or square electrode cells (53 um
sense-to-field electrode spacing), C = 5 pF, highest radiation tolerance

* Small Si pad/strip (lumi), 10 mm?, 5 pF

e Diamond sensors produced by US vendor II-VI (worked with RD42)
* Three 500 um thick 5-inch wafers have been grown for the project

Wafer M CCD Distribution 700V __|

" Wafer test:

* Prototypes delivered Dec 2021 E‘BWWM IS |
E 195 Ltriarge \-\J;IIC\.L on
* Promising first measurements of charge collection, long term current Ejjg‘di;c.t'a'n'c'é"" B
stability 10:
* Preproduction will start in mid-2022 HJ
1 iledh

500 600
ccd (um)

0 100 200 30
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BCM' Front End - Calypso

e Calypso: New custom 4-channel front end ASIC
* TSMC 65 nm process, Multi Project Wafer (MPW), size 2 mm x 2 mm

Biasing [

* Two (mutually exclusive) input options per channel: lumi/abort Rad-hard%ff"-’
a N
CALYPSO specifications: Ml

* Optimized for C,,, 2—5 pF

miis
=2

]

o | s >
T et

* toeak < 1.5 NS, to i < 15 ns (at Cy, = 2 pF)
*  Ojiyter < 100 ps (at Cy., = 2 pF for > 3.6 ke signals in simulation)
* Jumi: + 50 ke  dynamic range, (110 + 55/pF) e noise

gain 55 mV/fC
* abort: + 750 Me" dynamic range, 830 ke™ noise, gain 8.2 uV/fC | "l
K  digital LVDS output, analog preamp output for testing /

ABORTO

»—

 3rdjteration Calypso C received Dec 2020
* 4% planned for June 2022
* ASIC FDR early 2022, PRR early 2023

BCM™ ASIC

50 Ohny

Analog O/P

FDR ... Final Design Review

PRR ... Production Readiness Review
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Calypso_C Bench Tests ATLAS X ITk 3::

f 5 OWE e

Single chip test boards assembled at OSU and JSI

Basic functionality test ok \ i )

* Except (much) larger threshold offset spread than
expected from simulation

* Consistent results at OSU and JSI

Chips irradiated up to 300 Mrad X-ray (unpowered)
* Functional after 300 Mrad
e <20 % of variation on analog parameters observed
* Need to irradiate powered and cold (counter-effects!)

LJU100 CHO
LJU100 CH1
LJU100 CH2
LJU100 CH3
140 - AP

12C for chip configuration fully tested ATLAS [Tk BEM' S A
S — 120 E

LJu300 CHO
LJu300 CH1
LJu300 CH2
LJu300 CH3

0OSsuU2 CHO
0SU2 CH1
0SU2 CH2
0OSU2 CH3

0SU4 CHO
0SU4 CH1 %
0SU4 CH2 &

0SU4 CH3 7,

160 -

® > X +
o> X +
® > X +
® > X +

-

100 1

Ug (MV)

40

20

0 20 40 gn an 100 120
threshold (DAC)
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Single Event Effects test at PSI with Calypso C

* Aug and Oct 2021, PIF at PSI, 230 MeV protons (3.5e13 p/cm? total)
* Unirradiated Calypso_C and Calypso_C irradiated with 300 Mrad (X-ray)
* Test procedure:

* Triple Modular Redundancy (TMR) register cells with active feedback

* 30 8-bit registers i.e. 240 bits loaded with a binary pattern, read out every 10 s \
* If change observed reload and re-start reading
* Results:
* No events observed with unirradiated chip
* Rate consistent with ITk strips upper limit 1e-14 cm?

* Two events observed in chip irradiated to 300 Mrad

11111111 - 11111101
0010 1100 - 0100 1100

* TMR logic probably at edge of functionality

* Not problematic for operation, since registers can be written at will
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Test beam at CERN SPS

Test beam with 120 GeV pions, MALTA CMOS telescope

Oct and Nov 2021 with refurbished diamond sensors

Single crystal and pCVD diamond samples (unirradiated)

* Read out analog and digital signals with DRS4 oscilloscope > i 1l
. : .. : : ... analogsiBnals )
 Efficiency above 99 % with digital signals in both samples Wt s W |, ATAsITkBCOW | ¢
. . . o . AEESY - Preliminary_— :
* Analysis still ongoing g
E 3000 —1 > — 1000 eff2d_ch1
= 2 E o Entries 536
2 C ATLAS ITk B(:IV'1 E_) = :ATI.AS ITk BCM' . 005 5= T60 T80 200 220 240 260 280 300
> 2500 —0.98_9 = C . . Mean x 6057 0256
- Preliminary 5 SOO;Pre"mlnarV EE = Meany 1003 Noise fit L140H170UL-5300UH-5200VL-100VHOChO N=332
2000 g R % oF suvery soi2| oo g = Distribution of MPV by bins,
S i —0.94 - " 0.94 - ATLAS ITk BC MPV: 98.538, nFitErrors: 0
1500; . 500:_ oo Preliminary jgma  0.001879 + 0.0 30 1
. —0.92 haat= 0.92 - i ATLAS ITk BCM'
1000 99.1 % I C 99.0 % a0l Noise SC .
. i ’ © q 0.9 -1000} . o 0.9 r 1.9 mV . 201 Preliminary ul I
500 - 600 — :
B " 0.88 _1500F- 0.88 5
of : z..| MPV 98 mV (SC)
. . 0.86 n 0.86 10
-5001 E cEEEm 0.84 _2000; C\‘D d - 0.84 200
: igi o igitalsOut C 0 : ; . .
~1000f- SC digital Ol.Jt 0sr 20 P 8 _ 08 S5 ¢ om oo 0O 20 40 60 8 100
~150 :Ilwltlh\r.‘l?\Sl|X\npwlmslﬂuw\“”|\H‘ 0.8 -30 :Il\tlhrllz\ﬁlxlwr|]10|!$ﬁllx\ L1 0.8 MPV [mV]
78509600955095009450940093509300925392?00 ' %500 7000 6500 —6000 5500 ~5000 4500
X (um
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jo|e/e|elee] ..
l 000000 ..
BCM' readout ATLAS ¥ ITk © e
. . Baseline
e Original baseline was
Calypso pico TDC “’A IpGBT s‘l:rEII(-:Ing
Calypso = picoTDC (digitization) = IpGBT (to optical) = FELIX* ’\«J?Lecim_‘j — |
* Use of picoTDC abandoned due to delivery, radiation issues ./' = 17 Cfhez) ::‘
* |pGBT on opto-panel (lower radiation environment) / contig) (o e *FrontEnd Link
| T 12
« Asynchronous electrical signals up to opto boards (5 m) eXchange (FELIX)
* Twinax cable like ITk Pixel Module Opto Counting
* LAPA asynchronous LVDS driver on station module (chip reused panel room
from MALTA CMOS pixel detector project £ ; ; 7
. b & project) Y Twinax with LAPA €y
 First test over 5 m twinax done at CERN > - -
 Sampling rate of 1.28 GHz on IpGBT Fpo Rl g A ey L (o

EEEEEE
WOOK

* To be tested

* Layout to be finalized before services freezing (early 2022)
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BCM' services

Four stations on dedicated R1 ring within ITk Pixel
Inner System

* Occupying 1/3 of available space on ring

Several chips on the station

* 3 diamond + 1 Si sensor, 3 FE (1 abort, 2 lumi), BLM,
2 LAPA, DCDC converter, DCS

Thermal load 20 W per ring

* Diamond sensors do not require cooling, but cooling
required to mitigate radiation damage on ASIC

Services occupy approximately 80 % of allocated
service channel routing services from the rings to
the tracker edges

B twinax

Bl HVt.p. (AWG 30)

Bl LVtp. (AWG 16)

Il interlock t.p. (AWG 30)

Bl VCAN t.p. (AWG 32)
B CAN t.p. (AWG 32)

Bojan Hiti (1JS)

TP/station TP per side Voltage Current

1000V

Nominal 2 (but may be 4 if the
capacity is available)

Nominal 2 (but may be 4 if the
capacity is available)

downlinks
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Summary ATLAS X 1Tk $°

« BCM' system will be installed in ATLAS ITk Pixel Inner system for fast beam protection and luminosity
measurement

* The system includes:
 pCVD diamond sensors
* Fast radiation hard front end ASIC
e LHC machine-style BLM (slow integrating)
e |pGBT + FELIX based readout chain — baseline changed

* Different tests demonstrated functionality of the system: lab tests, SEE, test beam

* Several reviews passed, moving to preproduction/production in 2022
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