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Fixed target experiment
NA61/SHINE detector — general overview

Time Project Chamber
* Tracking
* Energy lost — particle identification

Time of Flight
e Particle identification

Projectile Spectator Detector
e Centrality of the collisions

Vertex Detector
* VO particle

Beam Detectors

Detector Upgrade



Why we need to detect particle

Idealistic views of an Real views of an
elementary particle elementary particle * Usually we can not ‘see’ the reaction
reaction reaction itself, but only the end products of the

reaction.

o— o

* In order to reconstruct the reaction
mechanism and the properties of the
involved particles, we want the maximum
information about the end products

* The event - each of collisions of projectile
particles

C. Schéafer / CERN
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Fixed target experiment
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SPS

NA61/SHINE
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NA61/SHINE (SPS Heavy lon and Neutrino Experiment)

is @ multi-purpose spectrometer optimised to study hadron
production in different types of-collisions:

p+p, p+A, A+A.
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NA61/SHINE - Experimental layout

* Large acceptance hadron
spectrometer
~13m

A

* Beam particles measured in
set of counters and position
detectors

* Tracks of charged particles
measured in set of TPCs:
measurement of g, p and
identification by energy loss
measurement

* 3 Time of Flight Walls:
identification via time of
flight measurement

.1 | GAP
g | TPC

S4°

PSD.

* Projectile Spectator Detector
Large acceptance hadron measures the forward

spectrometer — coverage energy which characterizes
of full forward hemisphere, centrality of collision

downtop. =0 * Vertex Detector (open charm
measurements)

* Forward TPC-1/2/3







Z (e-drift time)
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TPC - Time Projection Chamber
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Induced charge on the plane

Time Projection Chamber

full 3D track reconstruction:

e x-y from wires and segmented cathode
of MWPC

z from drift time

*  momentum resolution
space resolution + B field
(multiple scattering)

* energy resolution
measure of primary ionization

C. Sch@fer/CERN
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Tracking

« Measure a particle's charge and momentum ¢
« Tracking device, are in a strong magnetic field
* The signs of the charged particles can easily be read from their paths losser
* The momenta of particles can be calculated since the paths of particles ™% E?&fﬁ-

with greater momentum bend less than those of lesser momentum.

Run 9779 Event 7629 26/10/2009% 17:07:27

p+C 350 GeV/c

Run 15200 Event 1159 27/11/2011 10:06:36

Be+Be
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Vertex distribution along the beam axis

10°

1] = upstream LHT Hebox TPC
g — flange empty window window
> — target 2009-11: 2009-10: 2 x thick Mylar
z"’ B cell thin Mylar 2011: 1x thin Mylar
10° &= |
10° |

until 2010:
without He beam pipe
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Energy lost

dE/dx [mip]
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Energy loss
(dE/dx)
method

-:nunti
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negative particles
794 < p_ <10.00 [GeWic]
e o
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In each p, p; bin sum of Gauss functions is fitted to the dE/dx spectrum

For each track the probability for being a hadron of specific type is
calculated based on the fitted dE/dx distribution

Sum of these probabilities gives the mean multiplicity of the identified
hadrons
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Time of Flight systems (ToF)

e particle identification based only on energy loss measurement can
not be performer in the crossover region of the Bethe-Bloch curves

e Based on the scintillators detectors

Electrical
\ ~ conneclors

Incident

photon / —
Scintillator ‘:
ﬂ/\ - .?x:\ R O\ O_\
—_ T e \ —
e :, 2P  S— |
el
J
t;?(:‘tlon Focusing Dynode
electrode Photomultiplier tube (PMT)
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Time of
Flight
systems
ToF

120 cm

190 cm

Scintillator
dimensions:

7] 70x34x23 mm
[[7]80x34x23 mm

(front view)

120 cm
119 cm

10 cm

m? [GeV /¢!

721 cm

(]
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I Combined PID

* tof-dE/dx method estimates
number of p, K, m using an energy 0.5
loss and a particle time of flight
measurements

* dE/dx —form TPC

* Tof —from time of flight
(scintillators detectors)

mass? [GeV?/c']
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Centrality of the
collision

participants

before collision after collision
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F"EEE-I"-'E -EhE-ﬂI’hE-'r
Shower |::|1' secondary particles

Incoming particle
Projectile

Spectator
Detector

F-l-l.-l.- -

* forward hadron calorimeter

* measurement of projectile spectator energy in nucleus-
nucleus collisions
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* The central part

* 16 small modules with transverse dimension of 10x10
cm2

* The outer part
e 28 large 20x20 cm2 modules
* weight of 500 kg each

Projectile

Spectator
Detector

lead plates

W™ scintillator tiles

21
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Projectile Spectator Detector

* measures the forward energy E; related to the non-interacting

nucleons of the beam nucleus
* Intervals in EF allow to select different centrality classes
15 -20%

10 - 15%

5-10%

0-5%

0.01
| Be+Be at 1504 GeV/c
"Interaction trigger
LFull PSD
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VY — method

* Method example
e Decaychannel:A-»p+m _ | |
* Calculation of the invariant mass from products M, =(E +E,f—|p+p,[

o F
£ [ Mass: 1.1156 +0.0001
= —

W 300 I': 0.0027+0.0001

P 200

- 100~
0_# ﬁ I I

1.2 125
m, (GeV/c?)

A mass from PDG 1115.678+0.006+0.006 GeV/c?

-
-
-
-
541
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Studies of open charm measurements

Station 2

Station 1

Target Vertex detector is needed to
reconstruct primary vertex and
secondary vertexes with high

/ Do precision

Primary

Vertex / T

Secondary
Vertex

DY > 1t + K~
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Silicon detector S

n -

* Why silicon

. . eplete Silicon

* Better energy resolution and high e ®ype)

Signal undepleted E ~ O
o Thin detECtOrS ionizing | particle track \

v p*- implant (- 300 V)

* Reduced range of secondary

particles
[ J

Allows thin self supporting structures
fast charge collection

26



Vertex detector

* Silicon sensors located on horizontally movable arms
e Target holder integrated

Remorvalide 1op covar P — > Jurs sce &am

benavatie frant
MNcony

Targat heldar

Removable conmzsotoe panel
£l
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Beam detectors pdis A

A s1 s2 2Z V1 VTPC—1 sS4 PSD
| BEAM
——= i - ] -
Target
BPD-1 BPD-2 BPD-3

Set of scintillation and Cherenkov counters as well as the beam position
detectors

* |located upstream of the target
* provide precise timing reference,

e charge and position measurement of the incoming beam particles

28



Beam counters

* plastic scintillator
* precise reference time

e counts number of beam
particles

-

~ IO
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Beam counters




Secondary beam

He "Be beam at 754 GeV/c
for N 1S
atC

primary fragmentation Pb fragments fragment
Pb beam target separator
from the SPS
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Beam Position Detectors

* the positions of the incoming beam particles in the transverse plane

are measured by a telescope of three BPDs

e proportional chambers

A s2 V1 VTPC—1 sS4 PSD
— 2 Il || Ly —CEAM
e | R i Tzrﬂget |
BPD-2  BPD-3
cathode readout planes
"g BFD1x RMS BPD2x RMS
central plane S 57 um 171um
o
o

ire planes

losing windows

BPD1y RMS
56 um

-400 -200 0 200 400 -400 -250

BPD2y RMS

104 ym

0200 400 -400 200 0 200 400

residual [um]
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Targets

T2K replica target
E |

empty target

Y



Front End electronics

* Most detectors rely critically on low noise electronics. A typical Front End is
shown below:

DETECTOR BIAS

PREAMPLIFIER PULSE SHAPER

1 o
|
C. R QUTPUT

where the detector is represented by the capacitance C,, bias voltage is applied
through R,, and the signal is coupled to the amplifier though a capacitance C_. The
resistance R, represent all the resistances in the input path.

The preamplifier provides gain and feed a shaper which takes care of the frequency
response and limits the duration of the signal.

BIAS Ry
RESISTOR

DETECTOR (




Trigger

e system that uses criteria to rapidly decide which events in a particle
detector to keep

* necessary due to real-world limitations in computing power, data storage
capacity and rates

* NA61/SHINE

* flexible and robust system capable of handling and selecting different
reactions using a variety of beams (pions, kaons, protons, ions)

* trigger is formed using:
 beam counters
* Cherenkov detectors
* PSD calorimeter

 four different triggers can be run simultaneously




Readout system

DDL Central DAQ PC

receivers

TPC Front-End Readout Concentrator
Mother Boards Boxes

Electronic cards
1

"

¥Y_ v

OXO T

LVDS connection Fiber connection

VME/VSB crate

F M c

TOF e g
Fastbus [ 1 ¢ " "I >

CAEN VME - USB
link bridges

F c

Beam -
CAMAC 1 ° N -
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Detector Control System

* responsible for online monitoring
and controlling of the working
conditions of the detectors

* The system monitors parameters as:

e gas mixture in the TPCs

* high and low voltage

Control / Monitoring
Application

L

chhl)ase

Measurement
Server

5

ﬁp fCaenPt Xgplg\jber RS232

Hardware

Measurement
Monitors

grabber TCP
TCP

Database
Access Server

TCP
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Detector upgrade during LS2

~13m

< > New Time-of-Flight
detectors
MTPC-L

MRPC-L Upgrade of Projectile
Spectator Detector

=

Construition of Vertex Detector (VD)
for D, D° decay reconstruction Vertex magnet Vertex magnet

~_ PE P

VD TPC C-2/3
ﬂbﬂm-{-— -}--- b= mMpsD {---|  FPSD
S4 S5

SN

New trigger and data MTPC-R
acquisition system

Replacement of the TPC
read-out electronics
to increase data rate to 1 kHz

Beam counters
and BPDs
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