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The European Spallation Source ERIC

Overview

Multi-disciplinary research centre
based on world’s most powerful
neutron source

Pan-European project hosted by
Sweden and Denmark

Research facility currently under
construction in Lund (Sweden) B,

Data Management and Software Centre f
located in Copenhagen (Denmark)
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The European Spallation Source ERIC

Overview

12 founding states:
Czech Republic, Denmark, Estonia, France,
Germany, Hungary, Italy, Norway, Poland,
Sweden, Switzerland and

the United Kingdom

3 observer states intend to become
member states in near future:
Belgium, the Netherlands and Spain
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The European Spallation Source
Performance
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The European Spallation Source
Campus and surroundings

Science City

campus
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The NMX instrument

Neutron macromolecular diffractometer

Structure determination of biological
macromolecules by crystallography

Locates hydrogen atoms relevant for the
function of the macromolecule

Needed: high rate capabilities, good
detection efficiency, position & time
resolution

Physics demonstrator build at CERN
GDD facilities as part of BrightnESS
project within Horizon 2020

DT Training Seminar — CERN —2018/02/15 M. Lupberger, P. Thuiner

ning System for ESS NMX, Final Design Report, J.-L. Ferrer
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Diffractometry

From protein to atomic model



Diffractometry

From protein to atomic model

protein
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Diffractometry

From protein to atomic model

crystallised

protein
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Diffractometry

From protein to atomic model
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Diffractometry
From protein to atomic model
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Diffractometry
From protein to atomic model
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Diffractometry

From protein to atomic model
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Diffractometry

From protein to atomic model
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detector

fitting

atomic model

Images A-D taken from photo by

Thomas Splettstoesser / CC BY-SA 3.0
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Diffractometry
Why neutrons?
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Diffractometry
Why neutrons?
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Diffractometry
Why neutrons?

X-rays

=
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Modified from S.Z.Fisher et al.,
J. Am. Chem. Soc. 2012 134 (36), 14726-14729
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Diffractometry

Why neutrons?

DT Training Seminar — CERN — 2018/02/15
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Diffractometry
Why neutrons?

X-rays
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Modified from S.Z.Fisher et al.,
J. Am. Chem. Soc. 2012 134 (36), 14726-14729
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The NMX instrument

No fixed detector geometry

1.800 to 2.019 A /!
2.019t02.237A
©2.237t02.456 A
¢ 2.456 t0 2.675 A
©2.675t02.894 A
©2.894t03.112 A
©3.112t03.331A
3.331t0 3.550 A

DT Training Seminar — CERN — 2018/02/15

Simulation by E. Oksanen, ESS

M. Lupberger, P. Thuiner
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The NMX instrument

No fixed detector geometry

1.800t0 2.019 A /
2.019t02.237A . . :
©2.237t02.456 A ' . ’ , Detector 2
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©2.675t02.894 A
©2.894t03.112 A
©3.112t03.331A
3.331t0 3.550 A
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The NMX instrument

No fixed detector geometry

DT Training Seminar — CERN —2018/02/15

M. Lupberger, P. Thuiner
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The NMX instrument

Detector baseline

Triple-GEM detector with natural gadolinium as neutron converter
Active detector area 50 x 50 cm?, divided into four segments

GEM foils glued onto frames, spacers in active area to keep gap length
Minimised distance GEM — detector edge on three sides

Very low material budget readout

Cartesian 2D strip readout, 400 um strip pitch (standard size)

5 VMM3 hybrids per coordinate per module
total of 40 hybrids read 5120 strips

UTPC method as read-out technique



The NMX instrument

Detector baseline

with natural gadolinium as neutron converter
Active detector area , divided into four segments
GEM foils to keep gap length
Minimised distance GEM — detector edge on three sides
Very low material budget readout
Cartesian , 400 pum strip pitch ( )

5 VMM3 hybrids per coordinate per module
total of 40 hybrids read 5120 strips

UTPC method as read-out technique



The NMX instrument has been done before  newly developed

Detector baseline /) TOTEM, COMPASS, .. /
ras

Triple-GEM detector with natural gadolinium as neutron converter

Active detector area 50 x 50 cm?, divided into four segments

GEM foils glued onto frames, spacers in active area to keep gap length
Minimised distance GEM — detector edge on three sides

Very low material budget readout

Cartesian 2D strip readout, 400 um strip pitch (standard size)

5 VMM 3 hybrids per coordinate per module
total of 40 hybrids read 5120 strips

uTPC method as read-out technique

DT Training Seminar — CERN — 2018/02/15 M. Lupberger, P. Thuiner
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The NMX instrument has been done before  newly developed

Detector baseline /) TOTEM, COMPASS, .. /
ras

Triple-GEM detector with natural gadolinium as neutron converter

Active detector area 50 x 50 cm?, divided into four segments

GEM foils glued onto frames, spacers in active area to keep gap length
Minimised distance GEM — detector edge on three sides

Very low material budget readout

Cartesian 2D strip readout, 400 um strip pitch (standard size)

5 VMM 3 hybrids per coordinate per module
total of 40 hybrids read 5120 strips

uTPC method as read-out technique )

Y
Michael’s part
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The NMX instrument

Detector technology: Gaseous Electron Multiplier (GEM)

Metal-clad polyamide foil (usually 50 um Kapton®
with 5 um Cu on both sides)

Perforated with double-conical holes in a honeycomb
pattern (e.g. 70 um diameter and 140 um pitch)

Cathode on high negative potential with respect to
GEM and anode

Potential difference applied between top and bottom
electrode (typically in the order of 300-400 V)

Usually more than one GEM used in series to achieve
stable operation at increased amplification

DT Training Seminar — CERN —2018/02/15 M. Lupberger, P. Thuiner
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F. Sauli, The gas electron multiplier (GEM): Operating principles and applications,
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The NMX instrument

Neutron converter: Gadolinium

25 um Gd

DT Training Seminar — CERN — 2018/02/15 M. Lupberger, P. Thuiner
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NMX demonstrator prototype vO “Zita”
900+ pieces of fun

DT Training Seminar — CERN —2018/02/15 M. Lupberger, P. Thuiner

shielding and cables not shown
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NMX demonstrator prototype vO “Zita”

900+ pieces of fun




NMX demonstrator prototype vO “Zita”
Design challenges

Chamber Cathode GEM Readout  ASIC Shieldin
COMPASS style 8

_ﬁ#f 4

Cathode

CMS style

NXM style

DT Training Seminar — CERN —2018/02/15 M. Lupberger, P. Thuiner

cCERN-GDD
MARCH 2001
COMPASS TRIPLE GEM CHAMBER
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NMX demonstrator prototype vO “Zita”

Cross-section

Field cb{-

High voltage PCB Cathode foil
'\ Top cover-
h thode support A2 Cathodg frames Wb
/LI L1

Gadolinium foil

GE ~

VMM3

1]

Read-out A
thermal neutron shield heutrons

(not part of BrightnESS project)

DT Training Seminar — CERN —2018/02/15 M. Lupberger, P. Thuiner

1

neutron transparent
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Cathode, field cage and GEMs
mounted onto support structure
fixed to detector cover

Weight-bearing top stack

Detector mounted to robotic arm
and services mounted to detector

Each part interchangeable

GEM frames

strips with equalized pressure

Bottom stack

minimum area and maximum stability

Hollow frame behind read-out

Reduced scattering, flat read-out \

and detector frame optimized for

DT Training Seminar — CERN —2018/02/15

M. Lupberger, P. Thuiner
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Detector read-out chain and electronics



The NMX instrument
Read-out technique: Micro Time Projection Chamber (uTPC)

Already working read-out technique i
demonstrated for 10B* and Gd* neutron converters e
gadolinium € Requirements: -
23 - position resolution of I
' 0(200um) T e
(strongly depending on =
TiplesY _ trwwy . read-out but generally
—==———=t-=5gmz=improved by uTPC) :
Read-out I - time resolution O(ns) FE. I

150 155 160 165 170 175 180 185
X strip [0.4 mm]

' D. Pfeiffer et al., JINST 10 (2015) 04, P04004 & *D. Pfeiffer et al, 2016 JINST 11 P05011 & BrightnESS D4.3 &

DT Training Seminar — CERN — 2018/02/15 M. Lupberger, P. Thuiner


http://iopscience.iop.org/article/10.1088/1748-0221/10/04/P04004/pdf
http://iopscience.iop.org/article/10.1088/1748-0221/11/05/P05011/pdf
https://brightness.esss.se/about/deliverables/43-natural-and-enriched-gadolinium-convertors-design

The NMX instrument
Read-out technique: Micro Time Projection Chamber (uTPC)

gadolinium e
Anode strip pitch: 400 um = position resolution
NMX prototype: 5120 strips w/ 4 kHz hits per strip

— fast dense electronics needed to process charge
signal: integrated circuit Triple-GEM

UTPC requires time resolution O(ns) —======

— high time resolution required sranarararararn e R e e et

Robotic arms restrict number of cables from detector
to back-end

— digitise data on detector Me
RS
= Use high rate front-end ASIC with digitisation ¥

y-coordinate

DT Training Seminar — CERN —2018/02/15 M. Lupberger, P. Thuiner 40



Electronics
The VMM ASIC — Features

130 nm CMOS technology
* 64 input channels, each w/ preamplifier, shaper, peak detector, several ADCs

* Pos. & neg. polarity sensitive ser seo y
° Digital bIOCk W/ nEIgh bourlng 564channels ‘Dlogic _}
. . T e
logic, FIFO, multiplexer e o
H s shaper eak [ T
* Adjustable gain 0.5 — 16 mV/fC nep T ==gme
ime |-+{8-b ADC 0 1™
* Adjustable shaping time T e
from 25 ns — 200 ns [irim ] [addr.] ‘
. [ pulser }-{ bias | DAC }Htemp}-[Gray count]-|registers
* Input capacitance from (prompt]Joeic

few pF—1nF «» Custom L |

bi-dir LVDS



Electronics
The VMM ASIC — Features (continued)

Internal test pulser with adjustable amplitude

Global threshold & adjustment per channel

Self-triggered, zero suppressed

38 bit per hit
(if input charge goes over threshold)
1. Event flag (1 bit)

2. Over threshold flag (1 bit)
3. Channel number (6 bit)
4. Signal amplitude (10 bit)
5. Arrival time (20 bit)

ENA_|
PULSE e —
Amplitude measurement -> ADC o
(PDO) P |
TACstop Fine time measurement —» ADC
(TDO) P | '\
— Clock for coarse time meas.— counter
KBC M M M M M M
I ] conversion done, memory latch, channel reset
min width 10ns
CKTK M M g M
19 ck
CKOT nn__._._nn__r
19 bit (flag,a0,a2,a4,p0,...,t18) nextevent
DATAQ (flag,addr,ADCs) === . —— 4
19 bit (thr,al,a2,a5,p1,...,t19) nextevent J
——

DATA1 (thr,addr,ADCs)

PRECE I I




Electronics
The Scalable Readout System

Implementation of the VMM in the
Scalable Readout System (SRS) of
the RD51 Collaboration

1 ASICS implemented in SRS:
, VFAT, Timepix, (Timepix3, VMM)

DT Training Seminar — CERN —2018/02/15 M. Lupberger, P. Thuiner 43



Electronics
Readout chain and components

New hybrid and adapter card, FPGA firmware, and PC software
has been designed to implement VMM in SRS

VMM Hybrid — HDMI cable — Adapter card + FEC — Ethernet — Switch —Ethernet — PC

Scalability: up to 8 VMM hybrids/FEC, many FECs/PC
— system scalable from one to 64 hybrids and more

DT Training Seminar — CERN —2018/02/15 M. Lupberger, P. Thuiner

y.

S‘RS FEC and adapter card for VMMs
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Computer with data
acquisition software
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Electronics

Slow control for the readout system

VMM

e

Cantig
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Electronics
Data from SRS

Wireshark & plugin for first data check

No. v Time source Destination Pratocol Info Length
49 0.021332670 10.0.6.2 0.0.3 SRSVMM2 6006 60

50 0.022122336 1 3 SRSVMN2 6006 — 6006 L 310

51 6.022145565 10.0 3 SRSVMM2 6006 — 6006 Lel 2 60

52 6.022150583  10.0.6. 3 SRSVMM2 6006 —~ 606 Les 60

53 0.022067037  10.0.0. 3 SRSVMM2 6006 - 60

54 0.022994102 10.8 .3 SRSVMM2 6006 - 60

55 0.022998816 10.0. 3 SRSVMM2 6006 — 60

i3 SRSVMM2 6006 — 04

56 0.023775194 10

b Frame 50: 310 bytes on wire (2480 bits), 310 bytes captured (2480 bits) on interface 0
b Ethernet II, Src: SamwayEl 01:2b (00:50:c2:2:51:2b), Dst: Cma/Micr_08:03:99 (00:0e:04:68:03:99)
b Internet Protocol Version 4, Src: 10.0.0.2, Dst: 10.0.0.3

b User Datagram Protocol, Src Port: 6006, Dst Port: 6606

Data Id: VMM2 Data
VHN2 ID: O

Wit: 1, ch: 29, bcid: 1934, tdc: 51, adc: 32

SRS Timestamp: 1781901520 (1781639360) -

~ SRS Header
Frame Counter: 25157104 (25121554)

14

B Hit: 2, ch: 36, bcid: 1935, tdc: 41, adc: 815
B Hit: 3, ch: 31, bcid: 1934, tdc: 52, ade: 32
D Hit: 4, ch: 32, bcid: 1935, tdc: 50, adc: 896
b Mit: 5, ch: 33, beid: 1934, tdc: 60, adc: 32
D Wit: 6, ch: 34, beid: 1935, tdc: 61, adc: 208
7, ch: 35, bcid: 1934, tdc: 34, adc: 16
cn: 28, beid: 1935, tdc: 64, adci 96
i 25, bcid: 2506, tdc: 40, adc: 16
: 26, bcid: 2507, tdc: 54, adc: 528
7, beid: 2507, tdc
cid: 2507,

Data Id: VMM2 Data
VMM2 ID: @

Hit: 14, ch: 30,
Hit: 15, ch: 31, >
Hit: 16, ch: 32, beid: 2507,
Hit: 17, ch: 33, beid: 2507,
Wit: 18, ch: 19, beid: 2509,
Hit: 19, ch: 20, beid: 2507,
Hit: 20, ch: 21, beid: 2509,
Hit: 21, ch: 22, beid: 2507,
Wit: 22, ch: 23, beid: 2507,
Hit: 23, ch: 24, beid: 2507,
Hit: 24, ch: 48, bcid: 2746,
Hit: 25, ch: 49, beid: 2747,
Wit: 26, ch: 50, beid: 2746,

Hit: 1, ch: 29, bcid: 1934, tdc:
Hit: 2, ch: 30, bcid: 1935, tdc:
Hit: 3, ch: 31, bcid: 1934, tdc:
Hit: 4, ch: 32, bcid: 1935, tdc:
Hit: 5, ch: 33, bcid: 1934, tdc:

vV <Vvwv

SRS Timestamp: 1781901520 (17B81639360)

51,
41,
52,
50,
60,

adc:
adc:
adc:
adc:
adc:

32
815
32
896
32

Hit: 27, ch: 51, bcid: 2747,
Hit: 28, ch: 52, bcid: 2746,
Hit: 29, ch: 53, bcid: 2747,
Hit: 30, ch: 54, bcid: 2749,
Hit: 31, ch: 46, bcid: 2747,
b Hit: 32, ch: 47, bcid: 2747, tdc: 55, adc: 192

Help from BrightnESS WP5.1, DMSC

for online data monitoring and
fast data acquisition

DT Training Seminar — CERN —2018/02/15
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Electronics
Latest test beam at CERN North area with beam from SPS

¥Z ' N Triple-GEM detector with copper cathode (no gadolinium for muons and
{ L}y pions)

Three VMIM3 hybrids (2 on x-axis, 1 on y-axis)
* Continuous data in self-triggered mode at 5kHz readout frequency
* Goal of test: operate electronics and test different settings

=z — i S s B S e B . B ST T T T T T T T T T T T T — T
6000 August test beam VMMO VMM1 P August test beam VMMO VMM1
z = Fun & Entries 183730 Entries 249845 = - Fun &0 Entries 270962 Entries 270164
I CKBC = 20MHz Integral 1 838e+05 Integral 2 498e+05 s000 |— CKEC = 20MHz Integral 2 71e+05 Integral 2 7022405
5000 — TAC Slape = 80ns e —] - TAC Slope = 80na — i ]
— Peaking time = 100ns v - : Feaking time = 100ns UMM ]
- . 5000 - =
4000 — — - l ]J ]
| - a000 H
3000 — _ u 7
----- B ] 3000 =
2000 |— — H ]
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Electronics
Latest test beam SPS beam

s ML N B e e e s e s e e s e e . .
L3000 |— August test beam VMMO VMM
= - Fun 70 Entries 99188 Entries 163119
N CHBC = 20MHz Integral 2.218e+04 Integral  3.61Be+04
- TAC Slopa = #0ns i -1
2800 — Gain = 8,0 —_— -;::::.‘. T
ool ~ 50 kHits/s -
o ~ 2 Mbit/s

1000

h ———— i
| |

b o | 0 0 L e 0 L]

D 11 1 1
10 20 30 40 50 &0 70
# Hits / SRS Timestamp
_L: [T T I T T T I LN B [ L | T T—T 7T L S S T T T T 7T T T 71T
i - August test beam VMMO VMM1
Z a0l Fiun 80 Entries 22614 | |Entries 45473
- CHEC = 20MHz Integral 3464 Integral 6203
- TAC Slgpa = #0ns e —
as0 - Fraking time = 1000s T 7
oo (- 1 —
250 B+ . 3
B ~ 4 Mbit/s :
200 -
150 E
100 [— —
s0f— —
ole P SIS B TR e Lo o L 0 11

10 20 30 40

50 60 0 80 a0

# Hits / SRS Timestamp

DT Training Seminar — CERN — 2018/02/15

muon beam

beam

pion

M. Lupberger, P. Thuiner

NUWl:IX

NUWI:IS

-IH.-——-—.'lul|||||I||II|I|[III]II[I|I IIIIII |Il|

TT1
F =

T T T T [ T T T T I T T T T T T T T T T T T T T T T b s |
August test beam VMIMO VMM
Fun 73 Entries 207550 Entries 304448
CHBC = 20Kz Integral 3.188e+04 Integral 3 26e+04
TAC Slopa = #0ns i
Fion beam =

VM1

~ 500 kHits/s
~ 20 Mbit/s

et La o 0 | T

L
|

400 500 800
# Hits / SRS Timestamp

1—r||1‘l‘l‘l ||||||||||IIII|[ II|III[|III

TTT |"

LA B B B

August test beam

Run 7

CKEC = 20MHz

TAG Slope = 60ns

Pion beam, Dual data cock

e s e o e s e =
VMMOD VMM1
Entries 471657 Entries 531385
Integral  9.543e+04 Integral  1.08e+05

— N
VMM

~ 500kHz
~ 20Mbit

| PRI R

400 500 600
# Hits / SRS Timestamp

49



Electronics
Latest test beam SPS beam

Clustered data from pion beam

VMMS3 is working with SRS
and will also work with
all diffraction patterns!
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Electronics
Latest test beam at JEEP Il reactor, IFE, Olso

Clustered data from neutron beam with improved analysis
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Electronics
Next steps

VMM3a will be available end February

* New hybrids with additional functionality
* For automated calibration (ADCs on BCP to measure pedestal and threshold levels)
* For higher amount of readout channels per FEC (two hybrids per HDMI input)
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Electronics
Next steps

VMM3a will be available end February

* New hybrids with additional functionality
* For automated calibration (ADCs on BCP to measure pedestal and threshold levels)
* For higher amount of readout channels per FEC (two hybrids per HDMI input)

* New adapter card in preparation
* For more stable power supply of multiple hybrids
* For higher amount of readout channels per FEC (two hybrids per HDMI input)

More ASICs will allow further testing and readout of the large detector
Three SPS test beams and least two test beams at neutron facilities foreseen

SRS + VMM will become available for more users!



Conclusions & outlook
NMX @ CERN

NMX instrument will be first diffractometer without fixed geometry
Three fully integrated and moveable detector units

Concept for detector works & close to requirements

Testing and assembly of demonstrator ongoing with CERN GDD
VMM has been implemented in SRS for detector readout
Test-beam at ILL D16 diffractometer in late spring

BrightnESS project will successfully finish in August 2018
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Backup slides

DT Training Seminar — CERN — 2018/02/15

M. Lupberger, P. Thuiner

57



Quasi-Laue Time-Of-Flight Diffractometry

Example diffraction pattern

1.800 to 2.019 /‘.;\ ,"
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Cathode assembly due to
maximum foil size

Ultrasonic welding for
mechanical and electrical
connection with

No dead area

DT Training Seminar — CERN —2018/02/15

Ultrasonic power
supply

Aluminium

Converter

Booster

Sonotrode

Material strip

U

Anvil

25 pum gadolinium on 1 mm aluminium, 5 x 5 cm?
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Electronics

The ATLAS New Small Wheel Upgrade

In the scope of the high luminosity upgrade of the LHC at CERN, the ATLAS

experiment replaces parts of its muon detectors

Muon Detectors Tile Calorimeter

http://www.atlasexperiment.org

Liquid Argon Calorimeter

small wheels

Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

New fronted ASIC developed by Brookhaven National Lab.

DT Training Seminar — CERN —2018/02/15

M. Lupberger, P. Thuiner

One of the new detector types are Mlcromegas

Embedded resistor Rpsistive strips
1545 M 0550 Mem
l o

GND . ' - Gu raadout sirips

lakovidis, Georgios. "The Micromegas project for the ATLAS upgrade."” %

Journal of Instrumentation 8.12 (2013): C12007.

—— Readout Cu slrip

Anode strips read-out similar to our GEM detector
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http://iopscience.iop.org/article/10.1088/1748-0221/8/12/C12007/pdf

Electronics
Current status

SRS + VMM readout still in prototype status with development ongoing
CERN and IFE test beams have shown that:

* Prototype system is operational and can read out sighals from detector
* All hardware components work

e Software for slow control, online monitoring and data acquisition is
available and allows for smooth operation of the system

e System can handle data rates up to about 50 Mbit/s/VMM for 6 VMMs
(NMX prototype: 80 VMMs at equal data rates)

e Data analysis software available (Lara's Summer Student project)



