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Functional specification

Continuous Bunch-by-Bunch (BbB) and Turn-by-Turn (TbT)(**) measurements of the Transverse Beam
Profile in both the Horizontal & Vertical planes.

Functional Specification(*):

« Beam profile measurments at up to 1 kHz;

 Absolule accuracy on beam size (for serveral measurement) < 20 um;
* Precision on beam size (for a single measurment) < 10 um.

(*) “Functional Specifications for Beam Transverse Profile Measurement after LHC Injectors Upgrade”,
Edited by E.B. Holzer”, https://edms.cern.ch/document/1233010/1 (In Work)
(**) TbT added after promising results of prototype.
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https://edms.cern.ch/document/1233010/1

Working Principle of the BGI
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(*) Ref. Timepix3

lonisation Electron Detection with Timepix3 HPD’s

proton beam E-drift field

1 Depletion
100pm region
=

solder solder

bump bump

> oo

THR

Timepix3

Sensor

* p-in-n silicon sensor, consisting of 256 x
256 array of 55um x 55um pixels.

« Thin entrance window to optimize
detection of 10keV ionisation electrons;

 Sensor area = 14mm x 14mm

Timepix3 readout chip(*)
« Each sensor pixel is connected to an
individual readout channel (pixel)

Signal > Threshold — Event, consisting of:

* Pixel position — Where (0,4son< 16 UM)

« Time of Arrival (ToA) — When (0,,,.=1.6 ns)
« Time-Over-Threshold (ToT) — ~Energy
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https://iopscience.iop.org/article/10.1088/1748-0221/9/05/C05013

Refs. IBIC 2017, IBIC 2019, IBIC 2021

Beam Profile Measurement

150 101 =
Measure beam profile by counting R %
# ionisation electrons detected in § o £
each column. . e @

0 I 2{;0 I I I 4{|)(} I I I E-(IJO I I I B(IJ(} I I I 10|00 10
Column (x)
70

Counts [a.u]
w I ul (o))
(@] o o o

N
o
L

=
o
L

o

(C\ERNE 03/09/2024 James Storey | Requirements, BGI Concept & System Overview 6


https://cds.cern.ch/record/2663359/files/we2ab5.pdf
https://accelconf.web.cern.ch/ibic2019/papers/tubo04.pdf
https://cernbox.cern.ch/pdf-viewer/public/1aptLvC7BQ921Ng/IBIC21.pdf?contextRouteName=files-public-link&contextRouteParams.driveAliasAndItem=public%2F1aptLvC7BQ921Ng&items-per-page=100

Refs. IBIC 2017, IBIC 2019, IBIC 2021

Example Measurement

10?2

Measurement with PS BGI-Horizontal, in
March 2021 (just after installation in LS2), of a
LHC single bunch (LHCINDIV) beam.

10

Event count

100

Column (x)

During a single 1.2-second cycle, 600 beam
profiles measurements were taken, each by
integrating electrons detected from residual gas
lonisation over a 2 ms interval.

Beam size
evolution

Beam size [mm]
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Time in cycle [ms]

Continuous & non-destructive measurement

of beam size (and position) throughout the PS
cycle (1.2s).

Beam position

evolution
§ /N
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Offline analysis with raw Timepix3 data.



https://cds.cern.ch/record/2663359/files/we2ab5.pdf
https://accelconf.web.cern.ch/ibic2019/papers/tubo04.pdf
https://cernbox.cern.ch/pdf-viewer/public/1aptLvC7BQ921Ng/IBIC21.pdf?contextRouteName=files-public-link&contextRouteParams.driveAliasAndItem=public%2F1aptLvC7BQ921Ng&items-per-page=100

Ref. CERN-THESIS-2019-354

BGI In-Beam Pipe Instrument (1)

Installation of PS BGI-Vertical PS BGlI-Vertical Instrument PS BGI-Vertical Timepix3 Electrons
« Magnetic field (to transport ionisation  +« Cathode removed. « Faraday cage removed.

electrons) provided by triplet dipole » Timepix3 electronics is shielded by a

magnet - designed to be transparent Faraday cage.

to all beams.
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http://cds.cern.ch/record/2720090

BGI In-Beam Pipe Instrument (1)

Timepix3 UHV modules:

« Timepix3 attached to aluminum base
with Staystick (672)

« Ceramic thin-film PCB to fan out

_ Tlmep|x3 DC power: lonisation Electron Detector
TPX3 cor\trol & data_ signals to FEAST DC/DC on air side of vacuum <« 4 x Timepix3 UHV modules
Panasonic narrow pitch connectors flange ( can’t place in UHV ) « Timepix3 signals connected to DSub
(A4S) . * Network of mini-Cu bus bars, vacuum feedthroughs via flex cables
» Connect 1o DC power (mini-Cu bus embedded in ceramic, to minimise with LCP substrate

bars) via pogo-pins voltage drop
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PS BGl’s

* Funded by LHC Injector Upgrade (LIU) project;
» Prototype installed in YETS 2017/18;
 BGI-Horizontal (PS BGIH) installed during LS2;
« BGI-Vertical (PS BGIV) installed during LS2.

SPS

* Funded by CONS;

 BGI-Horizontal (SPS BGIH) installed during YETS
23/24, second version installed during Technical Stop
#1 (TS1) 2024;

« BGI-Vertical (SPS BGIV) installed during TS#1, but
failed leak test after installation and was removed.
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SPS BGIH at 51634
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Ref. CERN-THESIS-2020-236

System Overview

No Vacuum
No Radiation

System Control Readout Firmware
&
Post-processing

CTRI
trigger card

~2m Copper

Daily Access
DAQ Readout Back-end
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https://cds.cern.ch/record/2747870

PS Results & Issues
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Prioritised Requirements

Prioritised list agreed with OP-PS.

Priority (High to Requirement Target Measurement
Low)

1 Beam profile at one moment in the cycle LHC beam at flat-top
2 Beam profile evolution through the cycle SFTPRO (MTE)

3 Bunch-by-Bunch (BbB) beam profiles LHC beam

4 Turn-by-Turn (TbT) At injection
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(*) Ref. Bl System Portal: BGIPXL confluence docs.

OP GUI

Required functionality needs to be completely accessed through OP GUI via BGIPXL FESA class(*)

File Japc elogbook Help
CPS 2021-08-09 16:43:53 13 MD9 | LHC#1b PILOT 21 5E9 0.0leV
I — i — - I O @ hsandber

PR.BGI8B2H ILHC#1b_Pb 16:43:18 09 Aug 2021

e.g Measurment of Pb>**beam

Scope | Waterfall | Mountain range =~ Nb of Events

Logaritmic scale

q Detector NON ppm settings

&£ = « First measurement starts at ctime = 270 ms;

Profile measurement ppm settings

. L wwn munons - munge 2 [Ntegration time per profile measurement = 400 us;
SR CE— Second measurement starts at ctime = 2 ms + 270 ms;

/ Repeat for xX500 beam profile measurments.

Integration time [Unit]: | 4000 < | 4000 x100ns
Count : 500 +| 500
Pressure VGP:  6.20E-10 Pressure VPI:  8.94E-10
Rebinning factor 1
Ap /p FB le-3: 1.000
Fi Fit
@®

I o sw-status: ON | data-source:TIMEPIX | hw-mode:OP Timing OFF for CPS.USER.MD9
PS OP GUI developed by M.Coly
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https://confluence.cern.ch/display/BEBI/System+portal+%3A+BGIPXL

Ref. C.Fleisig JAPW?24

1. Beam Profile of LHC Beam at Flat-Top

Data collected with LHC-type beam at flat top with both PS-BGIs (1.9 ms integration), without gas injection.

BGIH Profile BGIV Profile
175 - Gaussian Fit . Gaussian Fit _
— paecaussan e | 1Otal Counts: — powecaussan it | TOtal Counts:
. T esmee™ 1 6603 counts 100 s 3703 counts
125 1 (o 80 1 (o
0.90 + 0.03 mm 0.67 + 0.03 mm
100
n] B0 A
é | Background: 3 Background:
0.0 + 0.3 counts a0 ] 0.0 + 0.3 counts
5 |
g- 20 g-
= 1.27 + 0.05 1.51 + 0.05
01 0-
30 3 3 35 33 2 24 %6 28 0 2
Position (mm) Position (mm)
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https://indico.cern.ch/event/1337597/contributions/5634072/attachments/2765217/4818230/Comparison-of-the-BGI-and-WS-in-the-PS.pdf

1. Beam Profile of LHC Beam at Flat-Top

Beam profiles also measured with the Beam Wire Scanners (BWS.64.V and BWS.65.H)

Horzontal Transverse Emittances

Vertical Transverse Emittances

14 I
] _ I
12 | __[\ |
g | b ><
o 101 = = I
=
=
&
L
i
% 061 Aover an cycles
E =0.0+0.2um
= 0.4
021 — Bws
BGI
D-l:l T T T T T T T T
0 1 2 3 4 5 G 7

Cycle Number

1— Bws

BGI

oner all cycles

=0.02+0.07um

00 0

5 10 15 20 25 30
Cycle Number

Emittances of BGl and BWS agree within less than one sigma

Ref. C.Fleisig JAPW?24
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https://indico.cern.ch/event/1337597/contributions/5634072/attachments/2765217/4818230/Comparison-of-the-BGI-and-WS-in-the-PS.pdf

1. Beam Profile of LHC Beam at Flat-Top

Operational Issues

B Baipad Export Gui v 1.0.16 [r—c
' -
Cps ananorzt toaiae 20 | e ]
!" Deviee: Log Level: | ERROR v
FESA ontrol Timepi3 DACS  Timepix3 Calibration SUCEESSful AchI
Statux ON State: OK Datails: TIMEPDX made, T-out:1hS8m, HZ0:1 BG/15C, Biax-35v, HV.-Z3kW. Diagnastics: Timing OFF for CPS.USERZERD
e o | o | s Warming 5 169006550 w5 Ting 0 ms T 1650 A Warming BF o tmescamps | Freazn | [Power suppies =
£ Cycer | CPRUSERLHCINDT  ~ | Mod: | BEAM,FROFILES = Pt = e T Cathode: 0117 mA 22553734V 2650 W
£ messurement sectings
Profes o
3| [ % Count
1356 = snms) o L e
B =] sartom R T 1600
- | Detector; €27.500mA 3385V AZTAW
20 2 nteral
=0 — Jw
190 % Integration =
0 = Offset (25ns) ‘ 00
W1 - um m
0 0
E D[ ————— - N ’ Mol emm e veanm
> |2] Tima vt Heshd ut bt AN AL LA s e LA A il Sonmor Bl 0250mA 35000V LW
Save Raw Data To o3 1°
= Profile Count 1 Frofies o dislay max 1005 S [0 |2 swp 1 [ swp 1 o 10
N Color First Event ] Profile Start ns] Integration Time [ns] Event Count H llog 1=
q _
= 163320 16:36:40 16:40:00
Epr——
FPGA 873300mA 103621 3023
120 min. d 5
—— |
Timeout Data Saving a0
. 0
1205 : -
oata source =
Terc = a 0
[ = T T
] = crs
No Profiles Acquired
o Profiles uire
) Some Profiles have No Counts 9
o All Profiles have No Counts
Log Console [T]
ipressien */afs/cern.chiuser/c/cfleisig/Downloads/bi-bgipal -expert-gui/bipx!-softuare-expert-ap. p1/operational tion. xml® with parent path */afs/cern.chjuser/c/cfleisig/Downloas/bi-bgipxl-expert-gui®

Distortion to beam profile due to noisy pixels Readout Issues

CERN
\\
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2. Beam Profile Evolution

SFTPRO Beam after Injection

36-bunch LHC-type Beam
with some Debunching

after Transition Crossing
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m m
E E
o 1200 o 450
E £
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Q O
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740

SFTPRO Beam during Island Separation and Rotation

10 20 30 40 50
Position (mm)
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(*) Ref. H.Sandberqg, PS-BGIV Detection Efficiency Inversitigation

2. Beam Profile Evolution

Operational Issues

File Japc elogbook Help
CPS 2021-06-09 15:43:53 13 MD9 | LHC#1b PILOT 21 5E9 0.01eV
I — i — - - I B @ hsandber

Scope waterfall Mountain range Gl e e PR.BGIBZH ILHC#1b_Pb 16:43:18 09 Aug 2021

Logaritmic scale Magnets Status

Y 7 R 1
Detector NON ppm settings
[ Profile measurement ppm settings
Meas. Mode : BEAM_PROFILES ~ | BEAM_PROFILES
E Start [Ctime] : 270 | 270
o
E Offset [25ns] : 0 *lo
[§
Unit : NS_100 - | NS_100
Interval [Unit]: 20000 < | 20000 x100ns
Integration time [Unit]: | 4000 - | 4000 x100ns
401 Count : 500 - | 500
i e Pressure VGP:  6.20E-10 Pressure VPl 8.94E-10
Rebinning factor 1 =
Transverse positions [mm]
Ap [ p FB 1e-3: 1.000 =

Freeze Fit

No issues for this acquisition (PS-BGIH, Pb ion beam)
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https://edms.cern.ch/ui/file/2756459/1/PS-BGIV_Detection_Efficiency_Investigation_docx_cpdf.pdf

(*) Ref. H.Sandberqg, PS-BGIV Detection Efficiency Inversitigation

2. Beam Profile Evolution

Operational Issues

Beam loss o S

Background electrons / .

Sps L2038 155620 4 Mot TOF Lawint Lacyet 32 0 Rsandber Ionlsation eleCtron

In principle can be e R — .
prn®ip signal at flat-top

removed.
But can cause

MLBOBAY LHCISe 2D 0F 1S Mar 2022

scope Watertall  Mountien fasge  Mb ol Tvents

¥ legartmic scale

saturation problems in , L ] Outector e ppn st
the Timepix3 and/or = i - i
Readout Chain. e e
S = e — “Screaming” pixel
- Ottost [2%0s] ] o
wrervad [Unit) S(:;(o) ': 5(;;9011(0*5
rtegration time fUsk): 20000 + 30020 x100ms

PFressare VOF - 2.208-11 Frcaure W 9. 7eE-10

Rebiming Tactor 1

Secondary electrons srove g

coming from the edge of

the ion tra : : : . :

Not a proEIem - usually _ _ Low gain of BGI-Vertical(*) when beam is on the inside of the ring
Noisy pixel  Understood - electrons pick up insuffient kinetic energy to be detected

mask these collumns _ _ - _
« Solution(s) - new high sensitivity sensors and/or increase cathode

voltage.
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https://edms.cern.ch/ui/file/2756459/1/PS-BGIV_Detection_Efficiency_Investigation_docx_cpdf.pdf

3. Bunch-by-Bunch Beam Profiles

Example BnB measurement with BGI & BWS of LHC beam measured at flat-top (36 bunches, harmonic 84)

- BGIH.82, Profile for Bucket 20 - BGIH.82, Profile for Bucket 64 BGIH.82, Signal per Bucket
10 { mmm Empty Buckets
B Filled Buckets
20 4 20 4
- o8 4
E
15 4 15 &
" " in 06 4
et = =}
5 5 3
S 10 1 8 1w 2
E 04
[=}
=
5 5
02 4
- - - -
0 0
T T T T T T T T T T ﬂ-o - I T nrrfianfl -.I Al
00 325 3/0 375 400 00 35 3/BO IS 400 0 20 40 60 80
Position [mm) Position (mm) Bucket Number
BWS.65.H, Profile for Bucket 20 BWS.65.H, Profile for Bucket 64 BWS.65.H, Signal per Bucket
1750 1750 10 1 mmm Empty Buckets
1500 A 1500 4 mm Filled Buckets
1250 1250 08 1
E
1000 4 1000 4 =1
— _ 706
m L=} =
5 750 & 750 - ki
i i T
500 500 - E 0.4 1
=
250 250
02 4
0 0 -
-250 T T T T T T -250 T T T T T T 0.0 -
25 00 25 50 75 -10.0 25 00 -25 50 75 -10.0 0 20 40 &0 80
Position (mm) Pasition (mm) Bucket Number

(C\ERNE 03/09/2024 James Storey | Requirements, BGI Concept & System Overview



3. Bunch-by-Bunch Beam Profiles

Operational Issues

Previous example obtained through offline analysis of Timepix3 raw data.

Demonstrated in “OP mode” - i.e. measured with OP GUI - but work some SW development work still needed.
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4. Turn-by-Turn Beam Profile Measurments

Studies so far have been based on offline analysis of raw Timepix3 data.
Has been used successfully for studies of the beam size evolution at injection:

10 1
BGIHEZ - 2021 & « BGIHB2 - 2021
301 —— BGIHE2 rolling avg (25 turms) — BGIH82 rolling avg (25 tumns)
B . BS5GHS2Z - 2018 81 « . BSGH48B - 2021
43 BSGH4S - 2021 ‘~
_ .
€40 o -
£ = 5] E 6
-g 35 E -Eo
% 3.0 L"r 4 6‘ 44
2.5 2 2
| : 0 Turnlﬁumber 2 = 50 0l . : : . | 01~ ) s .
o S0 100 150 200 250 300 350 0 50 100 150 200 250 300 350
Turn number, n Turn number n
(a) AK| /K| =05 (b) AK; /K; = ~16 T
Measuring the beam profile by counting Matching studies between the PSB & PS using TbhT
ionisation electrons, H.Sandberqg et al. measurments with the BGI, M.Frasser et al. IPAC22
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https://cds.cern.ch/record/2845867/files/document.pdf
https://accelconf.web.cern.ch/ibic2019/papers/tubo04.pdf

4. Turn-by-Turn Beam Profile Measurments

Operational Issues

For injection studies need to remove beam loss, which (at the moment) can only be done using the Timepix3
raw data. “Traditional” technique, based cluster finding with DBSCAN, works well but is computationaly
expensive (Ref. CERN-THESIS-2020-236. )

ML technique developed by Javier Martinez Samblas & Manuel Gonzalez-Berges (SY-BI-SW), shown to be
very promising - but requires access to the Timepix3 raw data ( i.e. needs to run on a Zynqg APU or on a
server that has access to the raw data.)

IMAGE

ALGORITHM

No. TIME CLUSTERS

PROCESSING TIME (s)

IMG1

DBSCAN

68

11

IMG2

DBSCAN

661

73

IMG3

DBSCAN

211.000

1449 (24min)

Average (50 Images)

ML (U-NET)

0.66

Ref. ML applied to BGI profile measurments, J.M.Samblas, Bl Day 2023

03/09/2024
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https://cds.cern.ch/record/2747870
https://indico.cern.ch/event/1341560/contributions/5687289/attachments/2771625/4829508/Machine%20Learning%20applied%20to%20BGI%20Profile%20Measurements.pdf

SPS Results & Issues
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SPS BGI profile monitors

Based on the PS BGI design.
Same FESA class, ExpertGUI & OP-GUI (dev. by M. Coly).

Main differences to improve reliability and simplify setup:

« Improved radiation tolerant readout electronics (also
deployed in the PS).

* New silicon pixel detector sensor optimised for ionisation
electron detection & increased cathode operating voltage to
Improve electron detection efficiency,:

* New Timepix3 detector layout to reduce readout satutation &
to facilitate chip-to-chip gain equalisation.

i\
L
W
| =

e e |~ -
T s — A
- ™ BTRt

T

. _
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Activities during YETS 23/24

Old insturments - BIPMH.51634 and BIPMV.51694 - were removed.

BGI-Horizontal ( BIPMH.51634 ):

« Modified magnet installed (MDHW.51634) + existing corrector (MDHW.51637).
* New vacuum chamber & transition pieces installed.

* New readout electronics installed.

 New instrument installed.

BGI-Vertical ( BIPMV.51674 ):

* Instrument moved +6m upstream (w.r.t. old instrument location) to make room for
new vacuum sector 521 - which will act as a new buffer zone between beam
instrumentation in vacuum sector 520 and the Dump Kicker Magnets MKDV.

« Modified magnet installed ( MDVW.51674 ) & corrector moved ( MDVW.51677 )

« New readout electronics installed.

« Instrument not installed (not ready in time) - postponed to Injector Technical
Stop in June 2024.
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SPS BGI-Horizontal: Results after YETS 23/24

Example measurement

« Single LHC bunch (LHC4) at flat-top.

 Measurement on 7th March 2024.
* Integration window = 2 ms.

« Recorded 24,000 electrons in this integration window
(need ~1000 electrons for beam size measurement

with 2% error.)

Fit results

« Gaussian:
« sigma: 0.751 +/- 0.006 mm
* reduced chi*2 = 15.6

* (-gaussian:
* sigma = 0.589 +/- 0.004 mm
« g=1.374 +/-0.008
 reduced chi®*2=5.8

Looks promising...

SPS Horizontal Profile at Flat-Top

—— {aussian Fit

800 1 Q-Gaussian Fit

200 1

20 2 24 2% 8 30
positicn [mm]
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Loss of communication with Timepix3 for LHC25 &
AWAKE cycles

Timepix3 data readout
« Data from Timepix3 is readout on 8 x differential pairs (“dataouts”) @640 MHz.

« Header ("comma”) sent periodically by Timepix3 on each dataout link to help adjust the sampling phase (on
the front-end) and to confirm that the link is functioning correctly. If header is recorded by the front-end, the
dataout link is said to be syncronised.

Problem

« During LHC25 & AWAKE cycles synronisation with the dataout links is lost (i.e. comma is not
recovered) — can’t readout the data.

« Communication is recovered after reconfiguring the Timepix3’s.
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Activities during Injector Technical Stop

BGI-Horizontal (BIPMH.51634) BGI-Vertical (BIPMV.51674)
 Removed old instrument (with TPX3 OV-GND short). « |nstalled new instrument.
 Installed new instrument. « But failed vacuum leak test after installation (

leak on DSub-78 electrical feedthrough.)
» Re-installed old BGI-H (after failed attempts to fix
short on-site.)

C\E/RW 03/09/2024 James Storey | Requirements, BGI Concept & System Overview
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New BGI-Horizonontal: LHC4

F rl d ay 14th J u n e at 2 2 h OO £ system: [EN [[EEEEETE  waming RF: 995000025 ns  Tinj 1015 ms  Teej: 0 ms Add Warning RF to imestamps | Freeze
g Cycle: |SES\ISER HGA Y| Mode: | FEAMICROFTIEE g Acquisition Time: 2024-06-14 2224:34
£ Measurement Settings
= Profiles
g 11 +| Count |

= ? 1000 2| start (ms) J “' :
No loss of dataout sync - but not expected for single T
1000 +| Interval
1 +| Integration
bunch LHC beam T
M1 ~| unit
1 2| harmonicDuringMeasurement

1023 |2 Time Over Threshold

Save Raw Data To

Acquisitions throughout the cycle — =

Timeout System OFF:

120 min :

Timeout Data Saving:
6005 B
Data Source:
TIMEPIX - Profile Count: 11 Profiles to display (max. 100):  Start © 3| Stop 11 | Step |1 | ¥ Show all profiles
200 GET SET N, Calor First Event [ns] Profile Start [ns] Intagration Time [ns] Event Count
o -Q 5,001,500 999,975 o
1 1.005,017.925 1.004,999.800 999,975 9134
2 2,005,017.750 2,004,998.,150 999,975 9,364
3 3,005,001,725 3.004,996.450 999,975 9,627
100 4 4,005,004,525 4,004,994,775 999,975 10,646
N T 1193
6 6.004,992,950 6.004,991.400 999.975 12,875
N T 1oz
8 8,005,001,825 8.004,988,050 999.950 23,357
of N T 1
N N 10 10,004,985,400 10,004,984,675 999,975 854
0 200 400 600 800 1000
A] Column
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Measurements on LHC multi-bunch beams

LHC3 (18th June)

No loss of dataout sync

uuuuuu

LHC25NS (20th June)

No loss of dataout sync, except on Timepix #1

CCCCC
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SPS BGI’s since ITS1 - What we’ve learnt so far

Loss of dataout sync problem

 New BGI-Horizontal (w/o OV short to gnd) is more immune to the loss of dataout sync.

« BGI-Vertical (with OV short gnd) still suffers from the loss of dataout sync.

Further investigations in short term
« Changes to the grounding (access permiting).
 Investigate at ATC EMC lab with BGI-Vertical (collab. with LHCb VELO.)
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Summary of Main Issues

PS
Priority (Highto Requirement Main Issues
Low)
1 Beam profile at one moment in the cycle  Noisy pixels, Readout issues.
2 Beam profile evolution through the cycle  + Saturation, Beam loss, Low gain of BGIV.
3 Bunch-by-Bunch (BbB) beam profiles As above.
4 Turn-by-Turn (TbT) Beam loss ( access to raw data ).
SPS

(EMI) disturbance of Timepix3 during LHC25NS & AWAKE beams.
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Introduction to the Next Speakers

Readout Front-end & Back-end Gateware

Speaker: Gabriela Cabrera Castellano (CERN)

Readout Software

Speaker: Juri Joul

FESA & Timing

Speaker: Steen Jensen (CERN)

Operational Status & Outlook

Speaker: Mark Mclean (CERN)

Milestones, Timeline & Priorities

Speaker: James Storey (CERM)

CERN
\\
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Backup

CE/RW
\
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lonisation Electron Detection
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