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Beam

The beam for us is delivered from SPS. We are on H2 beamline.

Beam

from SPS TT20 e

\ targets
T

Beam delivery to NA61/SHINE was presented in details in

For all problems related to beam delivery upstream of S1 — call CCC
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https://indico.cern.ch/event/1478088/contributions/6225862/attachments/2970958/5228470/why_does_na61_beam_work.pdf

Beam detectors

Beam counters

S1 THC S2 Vo V1 S3 S4 S5
I I VTPC-1
] 1 - 1 | Beam
2 - T —
Target

O Timing detectors (S1, S2)

plastlc/quartz start counters [0 Hadron beam detectors

O Veto detectors (VO, V1) (CEDAR, THQ)
plastic counters with a hole CERN'’s old-fashioned and robust
O Interaction detectors (S3, S4, S5) gaseous Cherenkov counters
plastic counters at special XYZ O PSD
[0 Secondary beam detectors (A, Z) energy deposit in central
plastic/quartz counters which are used to module(-s)
select fragments via ToF and amplitude(Z)
measurements
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Beam position detectors

BPDs are used to measure trajectories of the incoming beam particles. We
use two types of BPDs.

Silicon BPDs for ion beams Delay Wire Chambers for hadron
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Beam position detectors - SiBPDs

SiBPD is double layer (X and Y) detector positioned in vacuum and used for
heavy ion beams. Each layer is a single-sided readout silicon strip detector with
1024 channels. But we are using only central 200 channels (=~ 3.8 — 4 cm).

Seal ring Flange cap

Aluminum backplate Detector

Angle bracket

Flexible PCB

Problems? Call BPD Expert.

Bartek and Sasha NA61/SHINE facility November 22, 2024 6/37



Beam position detectors - DWCs

DWC is a MWPC-based detector with a delay line readout from cathode which
we are using with hadron beams. The responsibility of installing and servicing
them is by the side of SY-BI.

CATHODE ANODE CATHODE

DWC

ANITAVTIA

Problems? Call Detector Supervisor (who will call people from SY-BI).
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Targets
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Trigger

Trigger system is responsible for gathering signals from beam counters and
determining whether the collision qualifies as a good event.
For the Trigger system, see

How does the NA61 Trigger work?

Jarostaw Szewinski
National Centre for Nuclear Researech
November 8, 2024

NATIONAL

” CENTRE
s -INE h FOR NucLEAR

S

How does the NAG1 Trigger work?

Problems? Call Trigger Expert.
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https://indico.cern.ch/event/1477245/

Vertex Detector

Target Saleve

[0 Two(2) arms: Jura and Saleve

[J Eight(8) staves in each arm

00 Three(3) to five(5) ALPIDE sensors used in each stave
O About of 525k cells (pixels) in each ALPIDE sensor

O Pixel size 29.24 ym x 26.88 um
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Vertex Detector

: | Pixel analog Front end 3x Multi event
‘ buffer
o | STROBE
! L
PIX_IN ‘ OUT_A
1 ouT D
} Hit Storage
Latch
v PIX_IN v 5-10us
o D
t~=10ns ~2us peakmg time

4 / ouT_| D
AV=Q/C threshold
1
' t,>100 us STROBE
t

[0 Readout by "Firefly” cables and MOSAIC boards

[0 Cooling system for stable temperature inside of box

[0 LV system to supply ALPIDE sensors

Problems? Call VD Expert.
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Magnet and cryo

o Bending power of the 2 vertex magnets: 9 Tm at 1.5 T magpnetic field
(setting for 150 GeV/n).

o Field is scaled with the beam momentum.

o One week before ramping up magnets, we need "CRYO_OK"
(i.e. approval for usage) from TE-CRG

Problems? Call Detector Supervisor (who will call people from TE-CRG).
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Time Projection Chambers and GRCs
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Time Projection Chambers

O Momentum resolution: o(p)/p? = 10~* (GeV/c)!
O Particle identification via dE/dx: Z5/%) — 3 _ 4% (p-p ... Pb-Pb)

dE /dx

Anode Wires

= Ground Wires

= Gating Grid

Electron
Drift Lines

Particle Track Particle Track
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TPC - readout electronics

O

Analog output of TPC chamber goes through adapter board to
frontend. One adapter board reads one padrow.

Four adapters are connected to one frontend. Since now data transfer
is only digital.

Four to six frontends are connected to one RCU.

RCUs are connected through fibers to switches in TPC huts. They
are steered by tpc-centipede.

Data from switches in TPC huts go to tpc-XX machines in DAQ
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TPC readout electronics - adapters and frontends
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TPC readout electronics - frontends and RCU

Connectors for other FECs
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TPC readout electronics - RCU
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TPC readout

o Data from switches in TPC huts go
to one of three slots of a CRORC
card

o One CRORC is installed in
PCI-Express x16 slot of every TPC
readout machine

o One CRORC has three QSFP
connectors (i.e. three RCUs can be
connected to one CRORC)

o There are 11 TPC readout machines
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[0 Readout electronics require Low
Voltage power supplies in order
to run

0 The electronics of each sector
consumes up to 100 A

O VTPCs - 6 sectors, MTPCs -
25 sectors, GTPC and FTPCs -
1 sector
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TPC electronics cooling

' ) .OBSOLETE. ‘ W —

7
e -

o TPC readout electronics
produced large amount of heat
that should be dissipated
through metal plates cooled
with water cooling.

o There are two water cooling
setpoints used: 20.5°C and
15.5°C. 20.5°C when TPC
electronics is not used for at
least several hours. 15.5°C
during operation.

CLIMATIZATION

VT PC bt

o Photo shows control panel of
TPC electronics cooling.
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Gas in TPCs

TPC gas system and not only
For the TPC/GRC/He gas and TPC HV systems, see

Introduction to the NA61/SHINE
TPC Gas System

November 13, 2024 Run Seminar
Speaker: Bobby Lyon (University of Hawaii at Manoa)
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https://indico.cern.ch/event/1477540/

GRCs

O Geometry Reference Chamber - NA61/SHINE naming
O MWPC with cartesian readout (X,Y) - detector naming

alternating Field Wires / Sense Wires alternating Field Wires / Sense Wires

Cathode (grounded, not read out)

Pickup Wires in the TPC drift direction

Fickup Wires in the TPC drift direction
Drift Cathode (negative, adjustable)

thick drift volume (for slowing charge collection)

gas box

(individual Sense Wires can be switched off) (individual Sense Wires can be switched off)

[J Sense and Pick-up wires are readout by the same readout as all TPCs

O Sense wires can be turn off to mitigate fake hits with high multiplicity
events
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TPC problems

©

Problems related to gas conditions - Gas Expert

©

Problems related to electronics temperatures - Technical Coordinator
(who calls EN-CV)

o Problems related to readout electronics (missing pixels/sectors on
Event Browser) - TPC Readout Expert

o Problems related to GRC - GRC Experts

Very detailed presentation made by

Bartek and Sasha NA61/SHINE facility November 22, 2024 24 /37


https://indico.cern.ch/event/1477540/

Time of Flight walls

Scintillator |
Basic idea

0 Measure signal time difference between
two detectors with good time resolution
[0 Typical detectors:
. rticl
B Scintillation counters parics
B Resistive plate chambers
B Cherenkov counters
optional
Coincidence setup or TDC measurement

with common start/stop from interaction
time

Scintillator Il

PMT

Start

TDC

multichannel Stop
analyzer | * me
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Time of Flight walls
Time of Flight walls - ToF-F (32 counters)

120 cm

(front view)

120 cm

10cm

Time-of-Flight
ime-of-Flig| >

RICH Cherenkov >

Threshold Cherenkov Counter

< e renkov Counter o,
DISC

>

dE/dx Muttiple dE/dx Transition Radiation >

0.1

Bartek and Sasha

10 102 10° 104
Momentum p [GeV]
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Time of Flight walls

Time of Flight walls - ToF-LR (MRPC)

MRPC-R MRPC-L

beam

MRPC sybSystems

Q@ MRPCs with gas module (1246 detectors) Q@ MRPCs with gas module (12+6 detectors)
O modification of HV and gas systems Q@ Closed-loop gas system for two modules

Q LV system Q@ HV & LV systems

Q Front-end electronics (~2000 ch) Q Front-end electronics (1728 ch)

O DRS4 or picoTDC readout Q@ DRS4 readout (54 boards)
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Time of Flight walls

Time of Flight walls - ToF-LR (MRPC)

Insu

O Use parallel plate chamber with high field

[0 Electrons of ionization clusters start to
produce an avalanche immediately

O Induced signal = sum of all
simultaneously produced avalanches

[0 But: Electron avalanche develops
according to Townsend:
n = nge™*
G=—=¢"
o a : Townsend coefficient

x : traversed path length
G : amplification (gain)

O Raether limit: G = 108 (ax = 20), then
sparking sets in ...

Bartek and Sasha

NA61/SHINE facility

ator- HV
High Resistivity Electrode

Graphite

Coating G3s.Gap
"\___High Resistivity Electrode
insutator— N © O'C
Readout Strips (Y)  gchematic image
of typical RPC geometry
parice |

Schematic view of the

74 cathods |
sensitive region  avalanche process
Gap size matters!
[ JI anose]

[the smaller the better]

Time jitter: time to cross sensitive region

November 22, 2024
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Projectile Spectator Detectors

previous NA61 MPSD

FPSD

—

Energy asymmetry = (Eblue-Ered) / (Eblue+Ered)
Deposited energy vs asymmetry

o 24 PSD .. MPSD MPSD+FPSD
@ = -
gisou— v % g;é g [ o
3 o B i gs00 j@ﬁﬁ %
400 i 2 ra %
00| 33 .
200 200
200 |-
0
-1 0 05 1 o n =
Energy asymmetry B Ennergyoéssymm;try

=1 0 0.5 1
Energy asymmetry
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Projectile Spectator Detectors

. . . .. Projectile Spectator Detector is
PSD: light readout with WLS-fibers from scintillators alead/scintillator sampling
compensating hadron calorimeter
with light readout by WLS-fibers
and signal readout by silicon
photomultipliers.

6 fiber/SiPM
10 SiPMs/module

Half of module.

A A

I

60 lead/scintillator

scintillator sandwiches.

Compensating ratio:
Lead/Scintillator 4:1.
Lead- 16 mm; scintillator — 4 mm

Problems? Call PSD Expert.
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DRS4 Readout

o One channel samples waveforms to
1024 time bins (with adjustable
sampling frequency)

o Each DRS board has 32 data channels
and 4 timing channels

o One BPD needs 14 boards, counters: 2,
TOF-L: 54, TOF-F: 2, PSD: 14

o Data from boards collected by readout

machines (up to 4 boards can be
connected to one)

Problems? Call DRS Expert
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Data Acquisition System

Detector Layer (Front-End Electronics)

BPD & Beam

C TPCs ‘ ‘ VD ‘ ‘ PSD
‘ounters

| mor | ‘

Custom Protocols

_ Trigger J\‘
X Lo L1 Readout Layer T DAQ
etc.

TOF Readout
16 nodes

PSD Readout
4nodes

VD Readout
1 node

TPC Readout
11 nodes

B&B Readout

DCsS

_Busy

Waveforms Book-
Trigger Pattern keeping
OnlineQA

Acquisition
Supervisor gg
33 i
7z e
Gateway =

100 GbE

to -
* l ’ .5%57 4x 25 GbE >
for —i T v !
‘ x\ W 168 Event Builders (2k CPU cores) | * ﬂ

Networks: @
e x 2x100GbE of xw

Buffer

—— _Monitoring and Control

Problems with DAQ Control? Call DAQ Expert
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Detector Control System
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Detector Control System

Status update

NAG61/SHINE Detector Control System

works.

NAG61/SHINE Run Meeting, CERN, 26/10/2024 1/1 T.Czopowicz, V.Reyna (UJK)
Whet it does not - call DCS Expert
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Detector Control System

Il

S--INE

A
&

o

&

|externa| monitoring

internet

19°Grafana !

| local monitoring|

¥
DCS LAN
EPICS qA
LDS| |[OPC| [epics| |OPC| |epics EPICS ca2db
| 1
hardware DB
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List of Experts

@ Detector Supervisors
= Technical Coordinators
Piotrek, Bartek, Sasha D.

O Beam/BPD Experts

Kamil, Yuliia @ TPC Readout Electronics Experts
@ Trigger Experts Dominik, Bartek
Jarek, Eric O DRS Experts
@ Vertex Detector Experts Dominik, Yuliia, Bartek
Pawet, Mateusz O DAQ Experts
@ Gas and TPC HV Experts o Network - Bartek
Bobby, Sasha D., Vitalii o DAQ Interfaces - lvan
@ TOF-L Experts o DCS Experts
Sasha D., Andrey Tobiasz, Valeria

O TOF-F Experts
Eric, Amelia

@ PSD Experts
Sergey, Nikolay, Vadim, Marcin, tukasz

Bartek and Sasha NA61/SHINE facility November 22, 2024 36 /37



Thank you!
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