FHre-artof particle b

Basic topics on particle ID

Christian Pauly, BU Wuppertal

i S
S —— . I'm a positron -
= ' but once we were a photon

call me ,proton*

ol

?2?7?
dont know :-




overview

e Particle-ID in general
« Particle-ID based on energy loss
« Particle-ID based on Time-of-Flight

e Particle-ID using kinematics : Invariant- and Missing mass
- Dalitz plot

e Particle-ID using TRD
* Particle-ID using RICH
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What is particle ID ?

* In general, if we deal with a new particle:
“the determination of all quantities that allow us to infer the identy of the particle”

- particle mass mg
- particle lifetime T
- quantum numbers : charge, spin, Isospin, parity...

rho(728) I°(J7°)=0(1")

 In CBM data analysis, we usually know with which particles we deal

=> particle ID: Determine particle mass my and charge q
from the signals of one or several detector components

« Short-lived particles (e.g. like rho meson) => identify decay products to infer the decaying
particle
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Methods of particle 1D

« Charged particles: - Measure momentum p and velocity [3: m=—-x
- momentum, charge —» magnetic field, tracking yﬁ
- for 3, Y, or BY : 4 basic techniques:
e Time-of-Flight
e specific energy loss by ionisation: dE/dx
* Cherenkov radiation
e Transition Radiation
 Decaying particles: (e.g. m,n, p, ¢, J/W¥,..)
- viatheir decay products: invariant- or missing mass
- 3-body decays : Dalitz plot... (also to obtain quantum numbers)
* Electrons or Photons:
- electromagnetic shower in ECAL calorimeter, measurement of total energy E
-  E ~=p, - if electron, measured momentum p (tracking) must match energy E (ECAL)
- photons : leave no trace in tracking station
- ECAL response identical for photons and electrons !
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Methods of particle 1D

* Muons:
- capability to penetrate thick absorber layers
- our CBM MUCH Detector: 4 absorber layers of thick carbon and iron

* Neutrons:

- neutral, so no ionizining track... but:

- can undergo nuclear interactions, e.g. scatter and transfer energy to a proton
- proton gets ,kicked", preferably in forward direction (Lorentz boost)
— proton leaves ionizing track behind

- sufficiently ,long" scintillators,
special doping to enrich neutron
Cross section

TOF endcap calorimeter in front of NCAL
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* Short-lived particles:
— secondary vertex reconstruction

Methods of particle 1D

K_ xzprim 1
€.g. open charm : D-mesons

- decay still inside target region ¥ i3
+
: 1
- primary vertex very well known ,
from track fit of many tracks Target plane X prim 3
- need for very good secondary vertex reco - MVD ct=60...312 pm !
 tool : ,,CBM KF Particle Finder*
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Momentum from magnetic field

2] L ByL

HADES:

Toroidal field

- closed field lines
- acceptance down to 0°
- phi symmetric

- deflection in / out

| Bd1<0.5Tm

[B] =T, [L] =m, [p] = GeV/c

Erreichbare Auflosung:
o(p)/p =

p)/(0.3 - B - L?)] - V720/(N+4)

plus Vielfachstreuung!

(Achtung: Auflosung = FWHM = 2.35-0)

CBM:

£ @ Dipol field

- larger field integral

- no phi symmetry
- deflection left / right

| Bdl~1Tm

- large horizontal acceptance




dE/dx energy loss technique

energy loss of ionizing particle according to Bethe-Bloch
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energy loss in material
Is function of By

__P
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for particle with given p,
dE/dX depending on mass

dE/dx from scintillator -
or drift chamber, TRD, TOF, ...
- often measured as ,,by-product”

minimum ionizing particle

in plastic scintillator:

dE/dX ~2MeV/(g/cm?)
~2 MeV /cm
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example : HADES dE/dX from MDC / TOF
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Time-of-Flight

« Time-of-Flight measures velocity (3 of a particle:

L ‘ >
/J)C — U TOF = tstop . tstart
ToF - L/Bc

* by combining with measured momentum (p = yBm) start stop

m' = p(TE ey )

=> measuring momentum p and Time-of-Flight together yields mass of the particle !
(m? to prevent problems in case of negative masses due to measurement uncertainty)
e actually : tracking system measures p/q, not p:
2 2 2
m ToF c
(2) = (B) (L) 1]
q q

=> ToF alone can not distinguish particles with same ml/q : eg deuteron <> “He

The art of particle ID, Christian Pauly, Wuppertal University



TOF requirements

* Time-of-Flight measurement requries
- very precise start+stop time measurement O (tsiop — tstart) (CBM-TOF: Ostop ~ 50-100 ps)

- sufficient measurement length L (CBM TOF: L~6m !) T Orp = 60pS
o - - z "7 |—o.,.= 80ps
* Usually, mass resolution is limited by the timing precision: % 9fi|__ g =100
O F OroF = PS|
2 @™ gF
0,2 _ 2p G - |
m /32 t ® b KB T
E E ol
e -
- ] F. - P
- Om? proportional p?! I ol I S T
E :;f :1__ ,_.ff______ g
- only applicable for momenta up to few GeV/c Y
2F
1;_._'—;_—==-L1-"-.-'_ == e e
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Distance [m]

from CBM TOF TDR PE;}T{T‘E 2.4 Dependence of separation power af TOF system as funcfion of mo-

X ) - 5 ,
mentum, ftime resolution and Jight path lengik.

The art of particle ID, Christian Pauly, Wuppertal University



ToF in HADES

10 gedicated start detector:
- either diamond detector
- or LGAD Si detector
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outer TOF: scintillators, PMTs
Otorsc ~ 150 ps

inner TOF: RPCs
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- very good electron / pion separation at low momenta

- above ~300 MeV/c we need the RICH HADES CVD diamond start detector

“Chemical Vapour Deposit*
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CBM eTOF@STAR/BNL

EToF Time-Resolution |

e | endeap Time-Of-Flight | |

3 layers
12 sectors

36 modules
108 MRPCs
6912 channels

arXiv: 1609.05102

EToF-Time-Resolution at 35 GeV FXT 2020 s morersenus ' allal* p (Gevic)

1/8 vs. momentum

from |. Deppner
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Options for START

 ToT not only needs a precise STOP-detector (,,ToF-detector),
it also needs precise START time

« different options:

- dedicated start detector upstream of target
usually CVD diamond detectors (the primary beam goes through the detector !)
or Low-gain Avalanche (,LGAD") Si detectors

in HADES, the start detector has to be moved regularly to mitigate beam damage

- in a (central) heavy ion collision, START time can be deduced from event itself
assuming that always a few fastest particles have v=c, =1
the more particles, the better...

The art of particle ID, Christian Pauly, Wuppertal University



kinematic particle ID

Missing — and Invariant Mass Technique
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Invariant Mass

Based on the relativistic energy - momentum correlation:
2— 2,2 2 ~4 or, if we put 2— n?2 2
E?=p?c?+m?c o E?=p’+m
E. total energy of the system, E=m¢ ¢2 + Exin

p: total momentum, of the system
m: “total mass" of the system

for a single particle, in a system where this particle is at rest,
this relation correlates energy, momentum, and mass of this given particle.
- for a photon: m=0 - E2==p?

2 o \2
In a system with more than one particle: (Z El.) = ( z pl.) +ml.2nv
i i

Minv IS called ,,invariant mass*“,
because it is Lorentz invariant quantity !
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Invariant Mass

* My is called ,,invariant mass*®, because it is Lorentz invariant quantity !
* For a particle decay, this has an interesting consequence: Lets assume 17—) JT+ T J'EO
* First, we transform into the rest frame of the n-meson :

- here, p==0, E«n=0 -> E=m : mi», , the Eigenmass of the n Meson , mi,, = 547 MeV

* Now we transform into the lab system, measure Ei., and pias of each pion, and calculate miq.
2 2
>\s_ 2
(Z Ez) _(Z pl) _minv
i i

e since miy is invariant under Lorentz Transformation, we still get mi,=547 MeV == m,

- even including relativistics — fast particles v close to c !

The art of particle ID, Christian Pauly, Wuppertal University



Invariant Mass

 The invariant mass of a system of particles in their common CMS reference frame
Is the sum of Eigenmasses of the particles plus the mass equivalent of the kinetic energy of
their relative motion

« If all particles stem from the decay of a single, common particle
then we can transform into the restframe of this single particle,
where kinetic energy is 0, and mi, = Mo

* Inthis case, minw = Mg, i.e. the mass of the decaying particle, also in every other reference

system !
e Using 4-vectors: Ei
— 2
=P =2
Pi_ o minv_( Pl)
—Pi,y !
_pi,z

— easy to use in ROOT / PyROOT
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Missing Mass

* closely related to invariant mass min is the missing mass: Muiss

* Lets assume meson production in proton-proton scattering: p+p — pi+ pz2 + 1M°
and we only measure the two protons:

E,  +E >E+E+E

beam target

pbeam+ptarget_) p1+p2+px

e Usually, both beam — and target momentum are well known (in proton — proton scattering).
- from energy- and momentum conservation:

E _(E +Etarget_E1_E2):Ex

missing ~ beam
pmissing:pbeam+ptarget_pl_p2:px
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Missing Mass

* According to E2 = p2 + m2 : relativistic energy momentum correlation
we can also assign a mass to Emiss and Pmiss:

2 D -2 2 2 2
Myiss = Eie™ Pmiss = Ex—Dx = My

miss miss
*  MmissiS the ,Missing Mass* based on measurement of the two measured protons.

 The missing mass of all measured particles is equal to the invariant mass of all not-measured
particles.

- If only a single particle was not measured (e.g. a decaying meson), then the missing mass is
aequivalent to the Eigenmass of the unmeasured (e.g. decaying) particle

* This can be used for ,,tagging“
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example : WASA experiment

Absorber
|

Pellet line
Solenoid

MDC FTH PRI
|

. | Forward Detector FD

: | omi " angular and energy reconstruction for
| I protons and pions

| EdE particle Identification

= fast signals for trigger

__|!;! i I

Central Detector Forward Detector

PSB

Central Detector CD
reconstruction of all
charged/neutral decay products

Y
p magnetic field: momentum rec.
pp ) Csl (Na) calorimeter with
Photo Multiplier readout
P
v

Pellet Target
pp - ppn or pd - 3Hen high target density
good vertex definition
n tagging via missing mass (from FD)
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what about heavy-ion collisions ?

* in a heavy ion collision, missing mass technique is of limited use :

- heavy-ion collision can basically be seen as many individual nucleon-nucleon collisions of
both colliding nuclei

- Inside each nucleus, the nucleons are confined -~ have Fermi motion

— Individual nucleon momenta are not precisely knows

 |nvariant mass can still be useful !

— invariant mass of decay products of a decaying particle (e.g. rho Meson),
measured — for example — in the lab system,
still carry invariant mass of the mother particle !

- best example : Dilepton spectrum p—) e+ e
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Example: Dilepton spectrum

c(J—\ 102 *SE+- L '__ T | T T | T T T T | T T T i
(8] AutAu Syy =4.3 GeV 0-10%  |—— ' —ve'e o g Ag+Ag \s,,=2.55 GeV 0-40%
S 10 CBM Simulations - L2 107 ?EFI“.E_‘ HADESWFW%T'R in progress E
8 1 B = | L 0.1<p, (GeVic)'< 1.2 -
. — -e'e |l Lm o T1d
: W = ?I"I-m:dilm P g’ 1 0_4 E! _'2 asﬁ * g E g
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S e !b 5| (=] data 1=
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= 107 b Tl g i o P e
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Di-leptons measured in the lab system, still carry their origin from decaying rho meson
Measuring not even the rho vacuum mass,
but the effective mass (or spectral function) of the decaying rho inside dense medium !

The art of particle ID, Christian Pauly, Wuppertal University



The Dalitz plot

very usefull tool for describing 3-body decay dynamics (R. H. Dalitz, 1953)
3-body phase space is characterized by only two independant variables:

different variables can be chosen, B Avecion 12
usual choice: Mandelstam variables:
5 4-momentum conservation | -4
Si = (PO_Pi) 3 invariant masses -3
P, : 4-vector of decaying particle rotational Symmety 3
P. : 4-vector of decay products - ;
then: s; = invariant mass m, , , analogue s. and s;
any pair of two s?, sfspans a 2-dimensional Dalitz plot “Invariant mass” from relativistic

: : : energy-momentum correlation
- the Dalitz plot represents kinematically allowed phase space 9y

— pure phase space kinematics — constant matrix element E?= p2 c?+m?c?
— homogenous Dalitz plot, |A(s;,s;)|* = const m,., 2=F2 p2

Lorentz invariant !
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example for a Dalitz plot analysis

D* . K*K T ST .
—» t imi
border of Dalitz plot defined by 55 N — r‘F.: ey R AR
energy and momentum conservation = L (1020} i
= : : .
Ta+Tb+TC:Eges—mGCZ—mbCZ—mczc2:Q ]
Q: excess energy - .
r
v |
phase space inhomogeneity: E =

-> obviously, there are resonant sub-systems

D' - (® - KK )m
D* - (K® - " K ) K

population along the bands allows conclusions on B 5 1 15 ' 2 ' 25 ' 3 ' '15' ) 4
- angular distributions m(K K (GeV¥ic?)

- quantum numbers for angular momentum
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Particle ID using Transition radiation

TR occurs, if a particle traverses a medium with varying dielectricity index €

one possible explanation (of many):
- particle in vacuum generates image charge in dense medium

- charge + image charge from a dipol
with changing field strength as particle is approaching

- this dipole radiates energy — TR photons

“Ginzburg - Frank formula“: TR emission for single layer transition
wi) 2. -2
—tO+y
w

1 1

d’n a .2 wlL
= ®"4sin? -2 2, 2 2 .2 2
y +o/o+®° y T+

dodQ 2o 4c

X

important features: .

- emission into cone with opening angle 8 : ©~ y

- total emitted TR energy: proportional Y

- energy of TR photons : few keV, X-ray spectral range
Detection of TR photons only possible if: Y = ~1000

- electrons : p> 0.5 GeVlc pions: p > 140 GeVic
- in CBM: only electrons emit TR photons !!!

electron transition radiation

©

image charge JEWR
®

(@)

image:
Das, Pabitra. (2014). 10.13140/RG.2.2.23943.3

Flugbahn

Kearesakd, Wermen 1015
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choice of TR radiator

TR radiators made of foils, foam or fibres

two basic concepts:

- regular radiator: regular, equally spaced stack of foils
- coherent interference — larger TR photon yield per incident electron per layer

- irregular radiators : foams, or fiber stacks
- less TR photons per boundary, but more boundaries due to more dense spacing

further requirements:
- low absorption for TR photons - low Z material (lower probability for photo effect)
- low material budget (scattering length X)

CBM TRD choice : irregular radiator
PolyEthylene (PE) foam stack




TRD detector principal

4 pion 4 electron
anode /
- . - wires Tl T | T
Radiator in front of drift chamber W |\%| )\ amplification
Drift chamber gas : Xenon pnmary\ | i r'“ AT (70 region
— high Z (Xenon : Z=54) clusters ] "' | H| ( drift
- large probability for photon effect: proportional Z®> ¢ntrance ‘ ‘ ‘| ‘ region

window

All charged particles cause ionization in the gas !

but only electrons (in CBM):

e
Radiator / b

TR photon

TR photon - photo effect - additional ionization

/ pion | electron

Figure 4.1: A schematic illustration of the working principle of the CBM-TRD.

in average:
larger energy deposit for elctrons than for pions

but:
- lonization energy loss : Landau distribution, long tail
- no absolute separation for single track, only statistical
- need for multiple layers of TRD for good efficiency
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RICH Particle ID

« particle ID with RICH detectors is based on detection of Cherenkov radiation,
* only emitted if particle is traveling faster than speed of light in the radiator medium

 For given momentum p, a heavy particle is slower than a light particle
— Cherenkov threshold can be used for particlelD separation
— Threshold Cherenkov detectors

« if particle traveling faster than speed of light, Cherenkov emission angle depends on beta
— Cherenkov emission angle as measure of beta
- Imaging Cherenkov detectors
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Cherenkov radiation
IN huclear reactors

* Cherenkov radiation produced in core of nuclear reactors by fast electrons
— [B-decays of activated material

— Compton scattering of photons from y-decays
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Cherenkov radiation - basics

a charged particle in medium polarizes its surrounding
if speed slower than speed of light:

- symmetric polarization around particle

— no net radiation due to destructive interference
if speed larger than speed of light:

— unsymmetric polarization

- non-vanishing dipole field

Fig. 6.7. Tllustration of the Cherenkov effect [68].

- emission of Cherenkov radiation into cone, angle 6. x = Atc_o
n
x'" = AtPc,
e opening angle of cone : 1
cosf, = —
Bn
0" = arccos—
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Cherenkov photon yield

Photon yield given by : Frank — Tamm - Formula (by solving Maxwell equations)

2 2 2 Z: charge of particle (units e)
d E _Z o W (1—C—) a: fine structure constant
dxdw C vin? (o) n(w): refractive index
720 #i Bc: Cherenkov angle
= o sin’(©,) |
C 1-c2/v2n3(w) = sin?(6.)
withE = hv = hwo dN/dE
d2 N Zz(l 2
= sin”(©®
dxdm C (©c) -
: c 1 dN/dA
w1th(o:2ﬂ:X, do=——2nxcdA
d’N 2 1 .o
= —-2n/Z°a — sin“ (O
dxd 7 @) :

here: assuming constant n  (=n(v) if dispersion)

The art of particle ID, Christian Pauly, Wuppertal University



Threshold Cherenkov Counters

 Threshold Cherenkov Counter is simplest way to utilize Cherenkov radiation for particle ID
— only binary information: particle above Cherenkov threhsold ? yes / no

v 1 p, = ymv, = MV, mc .
_ Vithr _ t = tr — T . T 2 . \Mm
Bthreshold____ v2 \/ 2—1 ) —::::Z:::-"_""’;\\ P,
Cc n 1— thr \ ~--___f__’\ /
2 # " :
Threshold

B values for different particles p=1m 1 Gevie 10 Gevic s

at p=1 GeV/c and p=10 GeV/c Electron 0.9999 0.9999 T
Pion 0.9910 0.9999

for CO, at normal pressure: , Kaon 0.8966 0.9938

n=1.00043 ~ Bicoz = 0.9995 Proton 0.7293 0.9956

* nand Bwrhreshold can be adjusted via pressure in the tube:

n, —1=(n,—1) L
’ " Do




Example : CERN PS T9

e CERN PS T9 test beamline :
- Mixed secondary test beam : electrons / pions / muons / (§
- Common momentum selected by beam line magnets
- Two consecutive threshold counters available
- CO2 radiator with individually adjustable pressure

Chererkov! - Chevenkov? 163052 2013-03-12 AnalysisMistogramsBeamMonitonCh1_Ch2 Chererkov! - Cherenkov2 16:30:82 2013-03-12 AnalysisMsiograms/BeamMonitor/Ch1_Ch2 Cherenkovl - Cherenkon? 163052 2013-03-1 zmmwmmwm 1_Ch2
L R 10° g
'§ﬂuo:— By I - =
£ i electrons: . o z
= 10 E ! ‘ ] lillll L f
1600~ r II|L| |‘|| Ol ||| II ]
1400/~ 3 B L r |l ||L||||
: 10 - 'L |JLP”5 N B |
e 8 { Lol
- o g qr ""1.'
800—
600 10
400
o " R ;
00 400 600 800 1000 1200 1400 1600 1800 2000 450
Cherenkov1 Cherenkov1 Cherenkovi
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Proximity focussing Cherenkov Counters

Simplest way to evaluate Cherenkov angle information :
- Project Cherenkov cone onto (spatially resolved) detector

Conventional radiator,
4cm aerogel
N=1.047

-~ »proximity focussing*

Pros: - no photon losses due to additional mirror —
- compact design
- very fast

Cons: - Ring smearing with increasing radiator thickness

- detection plane inside acceptance
- Limited radiator choice
- impossible with gas radiators (I >= 0.5m)

Multiple radiators,
2+2cm aerogel

n=1.047 n;=1.057_

State of the art:
“A novel type of proximity focussing RICH counter with —
multiple refractive index aerogel radiator”,

T. lijima et al, NIM A 48 (2005) 383

- 9r -

— Belle Il RICH detector

The art of particle ID, Christian Pauly, Wuppertal University
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MRICH Is a proximity focussing
Aerogel RICH detector

entrance Chﬁ-rgnkuv
-— window phiotons
]
]
aerogel-_. ,.a-",.f'f

? combiner

/N

|:|a|rtiv:||z—-""r :«?H x
Q\:\‘\@\x ST DiRICHes
spa LE;‘H:;: /
aerogel-— MAPMT " - QOWET
steel plate -] :I \M\H" clamp
Sem T toem

Figure 6.1: Schematic drawing of a side view of the inner mRICH detector. All main

parts of the detector as well as the praduction af Cherenkeyv photons in the aeragel black Figure 6.2: (left) CAD drawing of the mRICH detector with support structure and
are shawn.

connection to the mTOF frame ['la the |&ﬂ}. {right} Wiew inte the inside of the mRICH.

The two aerogel radiator blacks are moeunted with 10 em distance to the MAPMT detection
plane.
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Imaging Cherenkov detectors

: Photons

. Il'. -
A sperical focussing mirror can be used to focus Interaction point \ =— >/ N
the parallelly emitted light of the Cherenkov cone, b : ; > f ome]
emitted along the radiator, into a sharp ring image: '3 = " /
J. Seguinot and T. Ypsilantis, NIM143 (1977) 377 & N ~——
ring radius — Cherenkov angle ©. — particle velocity B Doecorplene = Radiator — Shedelutur Pl
Allows to use ,thick” gas radiators Sketch of a classical focussing RICH
- needed for sufficient photon yield (from “Particle ID lecture”, Roger Forty)

Allows for RICH detectors with large acceptance

Size of photon detector scales with Rmirror I
- potentially large photon detectors
- spatially resolved single-photon position resolution /

e

Tilting the focussing mirror moves photon detector out of acceptance
- second, flat mirror can help (as in LHCb RICH 2)

A possible 2™ flat mirror can be used
to prolong focal length / move photon det.
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Choice of Cherenkov radiator

Choice of radiator determines momentum range and ID capabilities

Solid radiators: Quartz, Plexiglas, water, ice

typically large refractive index n>1.3

(water: N=1.33, ice: n=1.31,
Limited UV transparency

plexiglas: n=1.48,

large refraction when light leaving the radiator

Large chromatic dispersion !

Useage: DIRC detectors, threshold counters,
ICEcube, Water Cherenkov (AUGER) , KAMIOKANDE,...

hadron ID: Kaon / proton / Deuterium / Triton

Aerogel Radiators:

refractive index : ~1.03 — 1.06, (1.07 — 1.20 with pinhole drying)
closing gap in refr. index between gases and solids

optical transparent

hadron ID at low momenta, pi / K separation

fused silica: n=1.45)

-~

Aerogel
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Production of Aerogel

e Highly porous solid,up to 99.98% porous
* Blue shimmer: ,frozen smoke* due to Rayleigh scattering

« Often made of silicat, SiO;
using an autoclave (high pressure+high temp)

* Nowadays : ,,Sol Gel process*”
- Tetramethylortosilicat with water:
(H,CO),Si+4 H,0~ H,SiO,+4 CH,OH
H,SiO,~SiO,+2H,0
-  Ha Si O4: ,,Kieselsaure®, of which the water slowly emerges, leaving a gel of SiO; “silicat"
- This silicat ,gel” is mixed with alcohol, forming ,Alcogel“
— Alcogel dryed in an Autoclave (ca 240°C, 80 bar)

- ,super crytical drying“ - no liquid - gas phase transition of the alcohol, which would
destroy the structure during drying

- Final properties of the aerogel depend on exact parameters while drying
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gas radiators

very low refractive index, n~ 1.0001
perfect electron | pion separation in FAIR momentum range
(electrons always above Cherenkov threshold, pion threshold few GeV/c)

*  Fluorocarbon:
- were widely used in many different RICH detectors (also industry, cooling)
- Low chromatic dispersion
- Good optical transparency, even far UV ( << 200nm)
-  Potential scintillation light in visible range
-  Green house gas, nowadays difficult to obtain

(n-1)10*

* CiHi : Methane (used in HADES RICH)
- good alternative for C4F10 : similar density, refrative index
- no scintillation in visible range
- flammable

® COz * N
- Simple to handle (danger of suffocation) — possible alternative to CO.

- guencher gas : no scintillation light '°Wef n_tha_n CO. .
_ Transmission cut at 190nm — scintillation, admixture of CO-

- Larger dispersion in UV range
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The CBM RICH

 Radiator: CO, at normal pressure
- Radiator length : 1.7m
- Refr. index n=1.00043, 6.=1.67°, Yyun=33
- electron radius : 4.8 cm
- Pion threshold : ~4.8 GeV/c
- Rx=90% R for p> 11 GeV/c

-y [

-—

* Mirror: segmented spherical glas mirror
- spherical glas mirror, two separate halfs, 12° tilt angle

11 IV [

—

- Rcunvawre = ~3.0m, focal length : 1.5m
- ~80 rectangular mirror tiles, 40x40 cm?, 6mm glass, Al coating

\y A

/
} 1
';"l!!i

*  Photon detector:
- Multianode PMTs, ~1100 pc, ca 70k pixel
- DIRICH FPGA-based readout chain
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limiting factors for CBM RICH electron ID

Radius [om]

* In principal, a gas Cherenkov detector is a perfect tool for el / pi separation
e limiting factor :
- The RICH is part of a larger, multi-purpose detector system

- CBM detector is multi-purpose, not focussed on Dileptons only (as HADES is)
- a lot of material budget in front of CBM RICH

Il
target ‘alal
STS ‘winn|
target box I I I |
RICH window ‘"I Tl ;| :

HADé detector stack
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limiting factors for CBM RICH electron ID

N, )
main limitation: | @

Photon conversion in material before RICH
* For each single primary dilepton, up ~50 additional rings ¢ frp ’ﬁ
: -.w}i;“ .‘ @@

from photon conversion in the RICH
- main source : 1°- YY, Bremsstrahlung

* Pion tracks close to such rings get miss-identified as electron
* Most of the rings have no corresponding track in STS

* How can we improve ? = -
— remove number of rings before track matching osl R e Ry
0.6 T - Reco Alr_nost 80 perce.n't of the electron tracks
_ TRD / TOF bathraCk|ng Mot Feo w.hlch produce rings that are rfﬁa'tched to
0.4 pions are not reconstructed in the

tracker before RICH.

— use Al based methods to better select rings
- use ,topological cuts® to remove conversion legs

0.2+

e  +— S

0o 1 2 3 4
P (GeV/c)

Pavish Subramani, PHD thesis
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“Mr. Qsbarme, may | be excused?
My brain is full.”

The art of particle ID, Christian Pauly, Wuppertal University
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