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* Needs Detector(s)

e Measure various observables
0 Momentum - tracking
O Energy - calorimetry
O Particle identity
O Others



PARTICLE/NUCLEAR PHYSICS EXPERIMENTS e
()

Z, electrons, g=-¢,

M, q=Z, e, ‘ ‘

EM Interaction of ‘
Particles with Matter

Interaction with the Interaction with the
atomic electrons. The atomic nucleus. The
incoming particle particle is deflected
looses energy and the (scattered) resulting in
atoms are excited or multiple scattering of
ionized. the particle in the

material. During these
scattering events a

Bremsstrahlung

photons can be emitted.
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In case the particle’s velocity is larger
than the velocity of light in the medium,
the resulting EM shockwave manifests
itself as Cherenkov Radiation. When the
particle crosses the boundary between
two media, there is a probability of the
order of 1% to produce an X ray photon,
called Transition radiation.
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PARTICLE/NUCLEAR PHYSICS EXPERIMENTS e
innermost layer » outermost layer @

tracking electromagnetichadronic muon
system calorimeter calorimeter system

e Traditional Experiments

Onion Structure photons
o Trackers
= Momentum measurement electrons
= Charge measurement
= Non-destructive
o Calorimeters muons
= Detect neutral particles protons
= Measure energy Kaons
= Distinguish EM/Hadron pions
interactions
] neutrons
= Destructive KO
o Others —

q\\\\ Stony Brook University | The State Uriversity of New York

K. Dehmelt July-15-2022



PARTICLE/NUCLEAR PHYSICS EXPERIMENTS e

e Particle Identification -PID-

O ldentify stable particles emerging from the interaction of particle collisions
= Positive identification
= Inclusive identification
= Exclusive identification

O Determine interaction process
= Electromagnetic interaction = lepton* and photon identification

O Determine mass

* basically electrons/positrons
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PARTICLE/NUCLEAR PHYSICS EXPERIMENTS e

e Electron and photon identification
o Photons in material 2 e*e” pair conversion
o0 Electrons/Positrons - Bremsstrahlung
- shower development until energy diminished

e Radiation length - distance in material required for reducing energy by l/e
e Showers look similar for electrons and photons = distinguish with tracker
e E/p =1 (pretty much) for electrons

 Muons
o ~ 200 times heavier than electrons, little Bremsstrahlung, no strong interaction, t ,=2.2us
o Travel distance d = Jyct, 2 5 GeV muon travels ~30 km before decay - stable

o Acts most of the times as minimum ionizing particle MIP - detector to measure everything but
what’s already stopped
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“STABLE” PARTICLES fe=

e A lot of hadrons out there - here are a few:
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“STABLE” PRRTICLES

e A lot of hadrons out there - here are a few:

Particle | m [MeV]
. 140
K= 494

K.’ 498
K" 498
938

n 940
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Main decay
HV,,

uv, . ma’

19

max, v
stable

pev

e

pT
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Lifetime
2.6 x10%s
1.2 x 10%s

0.9 x 1010g
5x10%s

= 10% years
890 s

2.6 x 10105
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“STABLE” PRRTICLES

e A lot of hadrons out there - here are a few:

Particle | m [MeV]
. 140
K= 494

K.’ 498
K" 498
938

n 940

Main decay

LV,

uv, . ma’
Th

T, TV
stable

pev

e

pT

Lifetime
2.6 x10%s
1.2 x 10%s

0.9 x 10105
5x10%s

= 10% years
890 s

2.6 %1010

70 : T ~ 85 attoseconds (10-1%s)
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PARTICLE IDENTIFICATION -PID- Comsm

@

e Four (4) main PID techniques

o Time of Flight
Fixed distance - fast readout

O Transition radiation
Border crossing between media with different dielectric properties

O Cherenkov radiation
Particle velocity greater than photon velocity in medium

O Ionization loss — dE/dx
Specific energy loss per particle species

e PID techniques = velocity measurements

e These PID techniques aim to identify electrically charged hadrons
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TIME OF FLIGHT

 Measure At between two planes separated by distance d
o At=d/v-> B=d/cAt

o Highenergy 2> f - 1
O Need high timing resolution

Detectors

_ / _E'”""-x,__:

Track

0
~3,
W
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TIME OF FLIGHT s

e Separation power with Time of Flight TOF

o0 Determine mass with velocity measurement - = d/cAt

1 p | /ct\?
pe e )
c\d
mc\* \
(%) +1
\ p
o Two particles with same momentum - measure A7=|¢,—t, |
L Mmac\ mgC\ > [ta—tB| Lc 2 2
C p p OTOF P~ O10F

O 10F: TOF resolution
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TIME OF FLIGHT Cmaem

* Separation power with Time of Flight TO
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TIME OF FLIGHT Cmaem

e TOF detector technologies

o Any sensor that produces a fast/short signal = low transit time spread
« (m)RPC
« LGAD
= PicoSec
= TOP
=« TORCH

‘ [ ]

= Some have sensor and detector integrated, others need additional detector

O Fast electronics
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TIME OF FLIGHT Cmaem

o

e Multigap resistive plate chamber - mRPC o0 TEST BEAM DATA

e

140
\ o Time resolution - no correction

\ ¢ Time resolution after slewing correction

P . N
o N
o O

POSITIVE HIGH VOLTAGE LAYER —; ANODE PICKUP ELECTRODE

NEGATIVE HIGH VOLTAGE LAYER

!

Time Resolution [ps]
(0]
o

CATHODE PICKUP ELECTRODE

n 40
POSITIVE HIGH VOLTAGE LAYER / ANODE EICKURE ELECTRODS 5 O =
N . <
|
B g .
NINO NINO 11.5 12.0 12.5 13.0 13.5
OTf T Applied voltage across 6 gas gaps [kV]

NEGATIVE HIGH VOLTAGE LAYER / .\CATHODE PICKUP ELECTRODE

POSITIVE HIGH VOLTAGE LAYER -

ANODE PICKUP ELECTRODE

q\\\‘ Stony Brook University | The State Uriversity of New York

K. Dehmelt July-15-2022



TIME OF FLIGHT

e Multigap resistive plate chamber - mRPC

' Honey comb length = 20.8 em '
electrode length = 20.2 ¢m -

pad width = 3.15¢m

pad interval = 0.3cm

honey comb thickness = 4mm

inot shown: mylar 0.35mm)

fouter glass thickness = 1.1mm
inner glass thickness = 0.54mm
e 2as gap = 220micron

- PC Board thickness = 1.5 mm

f inner glass length = 20.0 cm -
outer glass length = 20.6 cm
PC board length = 21.0 cm
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TEST BEAM DATA

N\ o Time resolution - no correction

\ ¢ Time resolution after slewing correction

A — < o8 —%
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Applied voltage across 6 gas gaps [kV]
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TIME OF FLIGHT
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e Low Gain Avalanche Detector LGAD - S1 based

Cathode
4 Ring

Depletion
Region

K. Dehmelt

Avalanche

Region

p-type Bulk
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2 _

CNM LGAD Sensor
FLEX tail

Connector

Components

Module FLEX

HV connector

Wire-bonding LGAD (4 x2cm?)

ASICs HV wire-bonding

5 5 5 Bump-bondina .
OTimeWalk + OLandauNoise + Opistortion + U]itter + OTpc
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TIME OF FLIGHT

e PicoSec short for PICOSECOND-MicroMegas

Particle Particle

HVA

3-6 mm

) Drift

e

s s s 000 HY?

Amplification

Readout

100 pm

Time resolution limited by
last ionization cluster and

distance to grid

\ . .
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TIME OF FLIGHT s

e PicoSec short for PICOSECOND-MicroMegas

Particle

Cherenkov

Radiator 15 mm

HV1 Cathode

Photocathode 8-30 nm

Drift 100-300 pm

E—Field[
Mesh

o RO #E!_F-'Ie*ldii Ground [Bu|k Micrﬂmegaﬂ]
HV2 Anode

& & & & &% & & & & & ¥

Amplification  50-150 um

»| Preamplifier + DAQ
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TIME OF FLIGHT Cmaem

1)

250
Y . B A Drift= 244 pm
Plcosec s Drift= 194 pm
B 4+ Drift= 169 pm
B v Drift= 119 um
200 B — 1 photoelectron
B 1.2 photoelectrons
—— 1.4 photoelectrons
’cg B — 2 photoelectrons
— 150 __ 3 photoelectrons
‘5 B —— 5 photoelectrons
= B ——— 7 photoelectrons
O B — 8 photoelectrons
§ B — 35 photoelectrons
o 100—
E L
= |
50— A\
_ a
A A
B A
D ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ]
20 25 30 35 40 45
Drift Field (KV/cm)
\ . .
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TIME OF FLIGHT Cmaem

©

e Time of Propagation - TOP

o Cherenkov angles in a crystal are different for various particle species = different
arrival times at different positions in photodetector - 2D

o Fast photodetector

Side view of crystal |
charged particle

6(: cherenkowangle
crystal /

4z

backward-going

L L Sy
L Cold plate

——> 7Z-component of unit velocity
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TIME OF FLIGHT Cmaem

©

e Time of Propagation - TOP

o Cherenkov angles in a crystal are different for various particle species = different

arrival times at different positions in photodetector > 2D o o T
o Fast photodetector F B N

Side view of crystal |
charged particle

6(: cherenkowangle
crystal /

4z

R e T

s

20.5F

K
ﬁf zoff

L > 19.5

——> 7Z-component of unit velocity

backward-going

18_5—11'11‘1111Ll'llll[l"'ill.lll<llll
300 350 400 450 500

XQuartz el number July-15-2022
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TIME OF FLIGHT s
©

e Time Of internally Reflected Cherenkov light - TORCH

Front and side views of radiator plate Focusing at edge of plate
Detected photon 0 7/ T - e
'z } . E 0= (1820,00) ¢ 0 rad
' /- ;E = ..- M Mirror
,&4: U . F ocusurg block

’ 10 = Photodetector A4

' ey 3 ;
/ L=h/sinb, S  fF
y = I 5
¢ L
Track " & 25 F

/ O¢ Track & B
-2.5 ':-
Quartz plate i :

Quartz plate -8 b

(schematic) - "~ z (cm)
Roger Forty TORCH: a novel concept for PID
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TIME OF FLIGHT s

1)

e Time Of internally Reflected Cherenkov light - TORCH

Phaton detectars [alang all edges|

’ ' e Photon impact points
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TRANSITION RADIATION Cmaem

©

1=15 pm, ;=300 pm, M=100

b : ° I — = e y=3914 :i

e Transition Radiation — TR 3c 3 Trm 3
o Basically eID - y = Lorentz Factor E R
BASARSSERARREN E

—— =20 ym
—= 110 pm
——Il=5 pm
1000.0

gamma

100.0

I= 15 pm, N=100, +=3914

—&— =800 pm
10.0 —&— |, =300 pm
—&- 1,=100 pm

—&— |,=30 um

10

0 20 ab &0 80 100 120

p/ GeV
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TRANSITION RADIATION s
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TRANSITION RADIATION

e Transition Radiation Detector — TRD

Radiator Sheets

— Tension Plate

/

Electronics
Protection Board
!

I
= Divider
L Straws

Straw Endplug

' Wire Support
Capacitor Barrel

Capacitor Assembly
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CHERENKOV RADIATION iz

Nuclear Science

e Photonic Boom

e O. Heaviside (1888) and A. Sommerifeld (1904) predicted luminescence
from particles traveling faster than c,,

e M. Curie (1910) observed luminescence
e .. Mallet (1926) described luminous radiation of Ra irradiating H,O
e P. Cherenkov (1934) observed luminescence

e I. Frank and I. Tamm (1937) developed theory behind Cherenkov’s
observation

e Cherenkov/Tamm/Frank = Nobel prize in 1958
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CHERENKOV RADIATION Cmaem

Total amount of energy radiated per unit length @

dE) 22e2 / ( 1 )
(d.r od c? f(w)> L 32e(w)

» Integration over frequencies w for which vpart > Ti))

» Cherenkov radiation is continuous

» Cutoff frequency above which intensity cannot increase
— n = n(w) and out-of-phase relation of driving and radiated

em-waves
Photon flux:
dN ( 1 ) /*2 1 oy /*2 1
=2 [ 1 — —d)\ = 2masin® 6 —d\
dx (Bn)? ) Jx, A2 I, A2
This yields

dN o,
= 2ma sin® 0— for Ao — o©
dx /\1

\ i i “The State University of New York
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CHERENKCV RADIATION s

e Application of Cherenkov Radiation — CR

0 Threshold counters - HBD

o0 Imaging Cherenkov detectors > measure velocity with RICH - DIRC

o Differential counters =2 restricted narrow interval of velocities

‘\\\‘ StonyBrookUniversity | The State University of New York
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CHERENKCV RADIATION

e Hadron Blind Detector — HBD

o Highly sensitive to electrons
O Mostly insensitive to hadrons - high y needed

e Principle
O Use radiator that has high momentum reach,
e.d., gas with small index of refraction n

O Provide a photocathode for the Cherenkov photons
—> photo-converter

K. Dehmelt ‘\\\‘ StonyBrookUniversity | The State Uriversity of New York
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CHERENKOV RADIATION

e Hadron Blind Detector — HBD - “Outer Coil

o Highly sensitive to electrons

O Mostly insensitive to hadrons - high y needed £
<+ B0cm —» Y
e Principle _ N 7 '
. . =,
o0 Use radiator that has high momentum reach, j _—
e.g., gas with small index of refraction n —ﬂ;;i] g - [
O Provide a photocathode for the Cherenkov photons

—> photo-converter
Inner Coil \

\ i i “The State University of New York
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CHERENKOV RADIATION

e Hadron Blind Detector — HBD in PHENIX

Reverse Bias (HBD) Forward Bias
I v Y p:mt;: rTTprimary \Mesh iHV , l
electron Fimar
a |0n|zat|02’f Csl layer - E:n@xi,on l orp o
- s ”P'e<. e _cElly <
Readout Readout
Pads Pads
K. Dehmelt
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£
o~
&
Readout
plane
Mylar
window HV terminals
Service panel Triple GEM module with
Sealing mesh grid

frame
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CHERENKCV RADIATION s

m -
e Ring Imaging Cherenkov counter — RICH @ LHCDb wl,
m -
PN
// SN — 6, max = e
150 -
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“'i 4 2L |
) 200 £
\ 050 mrad I K w |
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sn, - Mirror
W'* I CiF a 150 - o 1 1 1 1
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1 I I e ]
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CHERENKOV RADIATION Cmaem

e Ring Imaging Cherenkov counter — RICH @ SBU
Standard GEM

e Challenge 1
o Hadron ID (n/K/p) @ high lab momenta - CR w/ gas ‘
O N, small in gas > long radiator required B
O Solution: make use of dN/dA~ 1/4%

= Csl photocathode sensitive well into VUV (A<200nm)
= Very inexpensive per unit area

Making a GEM Detect Light I
\ 'Ill L) |

O Challenge 2
= Make use of VUV photons = avoid absorption
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e Ring Imaging Cherenkov counter — RICH @ SBU
Standard GEM

e Challenge 1
o Hadron ID (n/K/p) @ high lab momenta > CRw/ gas | iMa,lking,a,GEl\lfl Detect Light i

1
|
\

O N, small in gas > long radiator required .\ /| S\

o Solution: make use of dN/dA~ 1/4%
= Csl photocathode sensitive well into VUV (A<200nm)
= Very inexpensive per unit area

O Challenge 2
= Make use of VUV photons = avoid absorption
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e Ring Imaging Cherenkov counter — RICH @ SBU
Standard GEM

e Challenge 1
o Hadron ID (n/K/p) @ high lab momenta - CR w/ gas | iMa,lking,a,GEl\lfl Detect Light i

1
|
\

O N, small in gas > long radiator required

O Solution: make use of dN/dA~ 1/4%
= Csl photocathode sensitive well into VUV (A<200nm)
= Very inexpensive per unit area

O Challenge 2
= Make use of VUV photons = avoid absorption
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e Ring Imaging Cherenkov counter — RICH @ SBU
Standard GEM

e Challenge 1
o Hadron ID (n/K/p) @ high lab momenta - CR w/ gas | V,Ma-.king,a»GEM Detect Light i

1
|
\

O N, small in gas > long radiator required

O Solution: make use of dN/dA~ 1/4%
= Csl photocathode sensitive well into VUV (A<200nm)
= Very inexpensive per unit area

O Challenge 2
= Make use of VUV photons = avoid absorption
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e Ring Imaging Cherenkov counter — RICH @ SBU

O Prototype — tested @ SLAC and Fermil.ab 0, 1.66ppm

H,O 0.08ppm

Readout
electronics
GE‘IA stack CF, Radiator
Particle track
im
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e Ring Imaging Cherenkov counter — RICH @ SBU

O Require mirror reflectance deep in the VUV
O Ordinary MgF, cutoff A<140nm

o Overcoat thickness = thin film reflection max! Interference Maximum

O Test Beam: Acton Optics — Future: make our own
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e Ring Imaging Cherenkov counter — RICH @ SBU

O Prototype
tested @ SLAC and Fermil.ab

o™ 9
3 |
o » e
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e Ring Imaging Cherenkov counter — RICH @ SB
/ w — ,, ..';...
¥ \Q . \;‘ - ' ‘No.rthr - ..: — -.V . ; A lrv_: | ‘

O Prototype ~ "’*,j , :
tested @ SLAC and Fermiliab e e e
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e Ring Imaging Cherenkov counter — RICH @ SBU

O Prototype
tested @ SLAC and Fermil.ab
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e Ring Imaging Cherenkov counter — RICH @ SBU

O Prototype
tested @ SLAC and Fermil.ab

32 GeV Beam Momentum

Kaon Pion
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CHERENKOV RADIATION
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e Detection of Internally Reflected Cherenkov detector — DIRC

Particle
M- Optics
Radiator
\ Detector
E” < Surface
o J
Mirror
Cherenkov Photon
Trajectories
MCP-PMTs
Silicone cockie Glue Front-coated oq e
(TSE3) | (Epotek3012) mimor Fused silica — quartz
! | n~1.5
Expansion volume Focusing Radiator
(Fused silica) Fused silica) (Fused silica)
LaK33B
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©

e Detection of Internally Reflected Cherenkov detector DIRC
3222 [/ &

Particle
Optics 5000

R 'Id l ator —Electron |
adia0 "\\ Detector o —Muon
300.0 —Pion
J S u I’fﬂCC 200.0 —Kaon
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: ‘\\\ \ | 2 50 | —Pion-Proion |
Expansion volume Focusing Radiator o . : |
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* Detection of Internally Reflected Cherenkov detector — DIRC
o Ultra-compact '

7

. (a)
Reconstruction method
(2)
. P4
— <

Ve
¢
(1)
(b)

i ~ T "
\ k i i “The State University of New York
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in Nuclear Science

* Detection of Internally Reflected Cherenkov detector — DIRC
e Ultra-compact '

pixel

Flat Mirrors

Fused Silica Bars

Sphcrical Lens System
Reconstruction method

Fused Silica Prism

Photon Detection

Microchannel Plate PMTs

K. Dehmelt

FPGA-based Clectronics
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IONIZATION LOSS s

e Fast charged particles other than e- traversing matter
O Inelastic Coulomb collisions

L | _
with atomic electrons - .
L + i
. . . — on Cu
o Excited or 1onized states o0 H
O Loss of kinetic energy > F Bethe-Bloch Radiative :
¥ 4 Anderson- .
= o, Ziegler .
& =% |
@D ]
B = &
2, 10 —FE g —
TR NG Radiative 3
g_' - Minimum effects ses .
2 “Nuclear ionization reach 1% . _ =]
N : losses N\ |  |__--==TT" I T _______ :
I Without &
1 | | : | |
0.001 0.01 0.1 1 10 5 100 1000 104 103 106
Y
I | | I I | | I I I
1 0.1 1 10 100 | 1 10 100 | 1 10 100 |
n [MeV/c] [GeV/e] [TeV/c]
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IONIZATION LOSS s

e Fast charged particles other than e- traversing matter
O Inelastic Coulomb collisions

. : [ | | 7]
with atomic electrons I A \ i
+ - 7 -

o Excited or ionized states ' L“ o \?9‘
O Loss of kinetic energy {ot*® :

riadiative _E
_am effects .
R wonization reach 1% - -
ANge b N | e e T :
y AE AT
- d:‘: F 4 5 6
p 1 10 100 1000 10 10° 10
By
I | | I I | I I I I
0.1 1 10 100, (1 10 100, 1 10 100 |
n [MeV/c] [GeV/e] [TeV/c]
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IONIZATION LOSS

e Fast charged particles other than e- traversing matter

O Inelastic Coulomb collisions
with atomic electrons

o Excited or ionized states

O Loss of kinetic energy

K. Dehmelt

‘G\

in Nuclear Science

_(:énler for Frontiers

L + i
—_ on Cu
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% -/ Anderson- -
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IONIZATION LOSS

e Fast charged particles other than e- traversing matter

ionization signal (a.u.)

o Different particle species have

2.4

2.2

K. Dehmelt

different dE/dx at same p

T T T LI
C. Lippmann - 2010
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IONIZATION LOSS s

e

» Fast charged particles traversing matter

0 Measure deposited energy, measure momentum - PID
A/x (MeV g ! em?)

o Problem: Straggling 5o . eV - -
= E, . distribution not Gaussian around mean o -_' | r | ;

= Rare cases occur - large energy amount

500 MeV pion in silicon
——— 640 um (149 mg/cm?)

transferred to single electron o-ray 0.8F == 320 um (74.7 mg/em®) _
: SN AR 160 um (37.4 mg/em?) -
= If 5-ray excluded - <E, > changes : Fo Wy e 80 um (18.7 mg/em?) |

o “Overcome” straggling by truncating %

0.4
Mean energy

[ o loss rate ]
0.2+ -

I ! 1

R ) !
'I}.D Ll |'|.- J-'I“’I -'l".l. L 1 |. 1 Ifl. '} I - - I L1 L J L | | J L1 L I I | I 11 1

100 200 300 400 500 600
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» Fast charged particles traversing matter
o Truncated Mean

=~ Remove outliers
Counts 15 GeV/e
= Increase number of samples 5000 |
protons electrons
Events (B.Adevaetal, NIM A 290 (1990) 115) Events
Hﬂ‘ T —— T T ‘ ;m. —————————— -
1 wire L L 4 wires
- AT 1 sk b)
! L: most likely a) L , 4000 +
60 - l l energy loss T [
. A: average 20 90<8<100 deg A
[ energy loss ‘ [ 4 wires averaged
s 90<®<100 deg 1 1sf -
[ | 2000
t ol ]
20 |- . {
: Pulse | s s
[ height Pulse height ]
0 ol L e ] 0L el
0 200 400 800 [mv] o 200 400 800 [mV) 0 500 1000
N (i.p)
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IONIZATION LOSS

e Fast charged particles traversing matter

O Truncated Mean
= Remove outliers

T T I
ALICE pp \s=7 TeV

60 &

dE/dx (arb. units)

I|ll|l

20 1 I [ | 1 1
0.3 04 1 2 3

p (GeV/c)

4 5 678910

K. Dehmelt

ALICE TPC
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» Fast charged particles traversing matter
o Truncated Mean

= Remove outliers

= Increase number of samples
' AV B T L L
o ALICE pp \s=7 TeV

I|ll||

80 Fa

60 -

O4r/ax Single track (%)
N W B Ut & O v O

dE/dx (arb. units)

[y

0 paa da e by e by e s by g by by bya v g by g by
2 L L L P T S R |
00-3 0.4 1 2 3 4 5678910 20 60 70 80 9 100 110 120 130 140 150 160

p (GeV/c) number of TPC track points N,
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e Fast charged particles traversing matter
o Truncated Mean

. 9 T T T T T 11 ]
= Remove outliers C. Lippmann - 2010 1
=50/ _
= Increase number of samples 8 og/E=57 .
120 ' v T T T T LI ™ — ? =
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INTT

Silicon strips, 2 layers
re-use of PHENIX FVTX electronics

Monolithic Active Pixel Sensors (MAPS),
3 layers, based on ALICE ITS IB detector
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sPHENIX TPC

INTT

Silicon strips, 2 layers
re-use of PHENIX FVTX electronics

"

Monolithic Active Pixel Sensors (MAPS),
3 layers, based on ALICE ITS IB detector

q\\\\ StonyBrookUniversity | The State Uriversity of New York
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72 modules
2(z), 12(¢), 3(r)

1.24 mm 0.15mm

le Sles)|

K. Dehmelt

Pad plane
Strong back |

Quad-GEM Gain Stage
Operated @ low IBF
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q\\\‘ Stony Brook University | e sieussy e

—

16 rows ~1.25 cm

sPHENIX TPC

July-15-2022



K. Dehmelt

72 modules

2(z), 12(¢9), 3(r)

1.24 mm 0.15mm

Covex electrode
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GEM 2 E
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e

Ery

GEM 2 .
GEM 4

Pad plane
Strong back |

Quad-GEM Gain Stage
Operated @ low IBF

|

q\\\\ StonyBrookUniversity | The State Uriversity of New York

——
==

— 1
e I E—

—
1
RS Dt

Oak/ax Single track (%)

S = N W AR NN X0

Vd R
Eeiﬂer for Frontiers
in Nuclear Science

>

sPHENIX TPC

x 3 = 48 pad rows

III||IIII|IIII|IIIIIIIIIIIIIIIIIIIlIIIIlII

cilisacbiasibiss b lssas b vibissilaseila s

70 80 90 100 110 120 130 140 150 160
number of TPC track points N,

(=)
<



[ONIZATION LOSS Cmaem

» Procedure most widely used: count charge and truncate mean
— lowest p% (typically p = 60 - 80) of the pulse heights

» Cut reduces effect of fluctuations due to long tail
» Cut also removes fraction of track samples — worsens the
lonization resolution

» Alternative: count number of clusters — complete suppression
of Landau talil

» Every cluster -big or small- has the same weight — Poissonian
distribution with significantly smaller width
» Better correlation and particle identification power

separation

separation power — ,
resolution

» |mprovement in pattern recognition and track fitting — better
double hit/track resolution
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Compare separation power obtained with charge counting and

K. Dehmelt

cluster counting with inefficiencies

n/K separation power (G)
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Compare separation power obtained with charge counting @
(LDC-TPC gas) and cluster counting (He-CO5 gas: 70-30)

@ 10 ' e § 10 E - L
= 9 LDC-TPC AH/CH JCO, (935/2) . 9 L | LDC-TPC He/CO, (T0/30) 3
¥ dE/dx by charge < s dE/dx by cluster counting =
z 2 resolution = 4.3% z 3 | efficiency = 100% ]
~ (129 cm trck h, ) ~ oo (2% om tricks hy -
= t length, 2 samples - : 1 t longt s
= L
g 7 s 7 F
Qg Og :
i E
= 6 = 6 ;
=N = -
2 5 2 5 -

4 4 F

3 3 F
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1 1 F

0 . 0
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IONIZATION LOSS

» Provide readout with sufficiently high granularity

&  24.7 mm (448 pixels) ——>

......ﬂjpe e$eﬁp’e L L T

X EEEEXEEEEEEE Y o n

Wire Bonding

000000 dRPVIVToencocee

- TlmeP|x ASIC Wlth approprlate pad size
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IONIZATION LOSS

» Provide readout with sufficiently high granularity

rrrrrrr
in Nuclear Science

500 —
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- Pads:
=22 x 106 pix? |
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IONIZATION LOSS

» Based on TimePix ASIC
» [DC readout per channel in highly integrated package
» 256x256 = 65,536 pixels, pixel pitch 55 m x 55 um
» Each pixel can record either time of arrival or charge collected
(ToT)
» Combine TimePix with traditional PCB
» Larger pad size, pitch: ~ 300 um
» Connections from pads routed through PCB to ASIC — bump
bonded to PCB surface

, GEM Pad plane

Flat surface for bonding — - — |

Electronics Pad board

Timepix chip VHDCI connector

q\\\\ Stony Brook University | The State Universit of New Yo
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IONIZATION LOSS s

» TimePix optimized for low input capacitance (10-100 fF) @
» TimePix chip with its small pixels to be connected to readout

plane

» Routing on PCB between bump bond pads and charge
collection pads is non-trivial

LA mir(VT{"/Ln alog "3y 4 slua(v (" fAraleg "1 4
mirOy T = A aiog I (T~ fhrn e

40

N ™ Simulation with extracted parasitic capacitances
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in Nuclear Science

SUMMARY oo

» Large variety of PID techniques

 Must be adapted to physics goal/reach

e Complementarity

e Hot topics for future (near and far) projects

e Produce own ideas
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