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Update

« Have investigated the topic around the estimation of dE/dx
and its resolution



- /dx )

http://pdg.lbl.sov/2020/reviews/rpp2020-

“nergy loss ( -d

rev-passage-particles-matter.pdf
dE CoZ 1 1. 2m.et@3AtW o 0(57)
——— V=Kz=—— | =1 R
< .:f:::> EWCE L} . g | 2

For, 1gAr (gas), one of typical gas in chamber,
p(density) = 1.662e-3 g/cm3
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R f . 1 b | t b | Table 34.1: Summary of variables used in this section. The kinematic
e " V a r I a e a e variables 3 and v have their usual relativistic meanings.

Symb. Definition Value or (usual) units
m.c® electron mass x ¢ 0.510 998 0461(31) MeV
e clazsical electron radius

e’ fAmenmec’ 2.817 940 3227(19) fm
i fine structure constant

e? Jdmeghe 1/137.035 000 139(31)
Na  Avogadro’s number 6.022 140 857(74)

% 10%* mol ™!

P density g cm >
T mass per unit area g cm™
M incident particle mass MeV /c?
E incident part. energy yMc® MeV
T kinetic energy, (v — 1)Mc? MeV
W energy transfer to an electron MeV

in a single collision
Winax Maximum possible energy transfer MeV
to an electron in a single collision

i bremsstrahlung photon energy MeV

z charge number of incident particle

P atomic number of absorber

A atomic mass of absorber g mol ™!

K 4zNarim.c® 0.307 075 MeV mol ™" cm?
(Coefficient for dE /dx)

I mean excitation energy eV (Nota bene!)

8( 3] density effect correction to ionization energy loss

fiwyp plasma energy Ve {(Z/A) = 2R.B16 eV

ViaNE m.c? o I—) pingem*

N.  electron density (units of r.) "

w;  weight fraction of the jth element in a compound or mixt.

n; o number of jth kind of atoms in a compound or mixture

Xp  radiation length z cm 2

E.  critical energy for electrons MeV

Eye critical energy for muons GeV

Es  scale energy /dm/a e 21.2052 MeV

Ry Moliére radius gcm




Resolution of dE/dx

http://pdg.lbl.sov/2020/reviews/rpp20
20-rev-particle-detectors-accel.pdf

- Straight forward way would be . ..

-- dE/dx (per unit cell) is proportional
to the number of electron/hole pairs
typical number is ~ 100 ( per cm )

-- signal multiplication ( = gain)
factor, 104 ~ 10° , the total number
of carriers, within the drift time is
obtained.

-- need to consider the electronics
response: the filter ( RC filter ), amplifier,
and electronics noise ( important )

W
o
T

pp, Vs = 13 TeV
B=02T

-~ N
o o

Energy deposit per unit length (keV/cm)
OD N6 i e)) (e 0]

——

I 1 | AL LT RS B ke

ALICE performance

IIIII 1 1 lllllll 1 1 g~ 4 8- 8-} |

10™ 1
Momentum (GeV/c)

Figure 35.15: Energy deposit versus momentum measured in the ALICE TPC.

mmm) Combining those steps, we can estimate the resolution
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Resolution of dE/dx

The dependence of the achievable energy resclution on the number of measurements NV, on the
thickness of the sampling layers ¢, and on the gas pressure P can be estimated using an empirical
formula [135]:

Ogpar = 041 N~ P)~052 (35.17)

Typical values at nominal pressure are d4g /4, = 4.5 to 7.5%, with t = 0.4 to 1.5cm and N = 40
up to more than 300. Due to the high gas pressure of 8.5 bar, the resolution achieved with the
PEP-4/9 TPC was an unprecedented 3% [136].

[136] H. Aihara et al., IEEE Trans. NS30, 63 (1983).

-- |t is an old reference of the resolution for a TPC

-- Not sure(confirmed) yet, what condition should be met to apply this formula

~7 29
For instance, s~ 0.41 * 222(layers)0°* (lcm*latm)032=2.8% -« , 9~ 17% is somehow we
can see in the referentes




