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Efficiency versus resolution

With a source at rest, the intrinsic
resolution of the detector can be reached;

efficiency decreases with the increasing
detector-source distance.

With a moving source also the

effective energy resolution depends
on the detector-source distance

(Doppler effect)
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Energy resolution

The major factors affecting the final energy resolution (FWHM) at a particular energy are as follows:

; 1/2

AE] = (AER, + 002, + AOF + Av?) v+ Av

L
AE;,; — The intrinsic resolution of the detector system. ‘,;/9 ABy

It includes contributions from the detector itself and A
the electronic components used to process the signal. L_*J

AB,.; — The Doppler broadening arising from the opening angle of gamma detector
the detectors

AfBy — The Doppler broadening arising from the angular spread of the
recoils in the target

Av — The Doppler broadening arising from the velocity (energy)
variation of the excited nucleus
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Special relativity

Lorentz transformation: CConsider the space-time point
= in a given frame S: (¢, x,y,z)

" & 4 = and in a (moving) frame S*:  (¢',x’,y",2")

_v> 1) S* moves with a constant velocity v along z-axis

Space-time Lorentz transformation S&-2>8¢:

> S=> 8’ S'’=> S8

Z =% x=x"

¢ y =y y=y

Lorentz factor:| 7~ 1—p? z’ = pa=amy w = z’ o
t'=y(t-vz) t=y(t'+vz)

Note: units ¢c=1

X v
O Consider the 4-momentum: t=y(t— c—zz )

* in a given frameS: p=(E,p)=(E,p,,p,,p.)
* in the (moving) frame S*: p'=(E,p')=(E’,p,,p,,p,)

Lorentz transformation pP.=P,s P,=0PD,
for 4-momentum S€&-2>S¢; .
p.=Y(p.,—VE)

E'=y(E-uvp,)
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| orentz transformation

Px Px P* = const.

total energy:

5 i | E*=y-E—y-v-P-cosb

NN

E =/ (mc?)2 4 (Pc)?

rest system laboratory system
E*, P* total energy and momentum in the rest system
E, P total energy and momentum in the laboratory system
Doppler formula for zero-mass particle (photon): E=Pc

E*X=y-E—y-B-E-cosf

E*=y-E(—p-cosO)

Hendrik Lorentz

E. Byckling, K. Kajantie J. Wiley & Sons London
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Electron detection

particle detector (PPAC

—————

Doppler broadening

A8, = 20°
target — Mini-Orange: 19 cm
Mini-Orange — Si detector: 6 cm

For projectile excitation:
Te* =)/°Te '{1_31 '\/1+2meC2/Te 'C05931}+me(:2 .(y_l)

with
c0s6,1 = cosYc0sV9, + sind;sind,cos(p, — 1)
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Doppler effect
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Doppler broadening and position resolution

L (B, 3,=0° 8 andE, in lab— frame)

B-sing, i ) f—cos 9, o 1 ’ )
1_ﬂ°C05197J (A”gy) +£(1—,32)°(1—ﬁ°C0319},)J (Aﬂ) +(Eyj (AE},)

Position resolution

>
m
ER AL
o
N
1]
7\

Angular resolution 9

@ beam .

Energy resolution

projectile

Hans-Jurgen Wollersheim - 2022 (=



Doppler broadening (opening angle of detector)

A%,=3°

with
0 50 100 150
A9, =0.622-arctan MM 3 [9]
7 R[mm]+30[mm] 1
R = 700[mm]
d =59[mm]|

Hans-Jurgen Wollersheim - 2022 (=



Doppler broadening (velocity variation)

70

AE,, f—cos S,
E, (-p%)Q-p-cosy)

for 9p ~ 0’

with Af = 6%
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particle detector (PPAC)

Experimental arrangement

experimental problem:

Doppler broadening due to finite size of Ge-detector

E
A?~1% for A9, =20° B; =10%

For projectile excitation:

E*=y-E-(1—py-cosf,)  Doppler shift
with

cosb,, = cosY cosv, + sinﬁlsinﬁycos(goy — <,01)

AE = E* - B, - sinby,, - A, Doppler broadening
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Example: inelastic heavy-ion scattering
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| orentz transformation

y-ray angular
distribution

(3, 9,)=(30°,180°)

Contraction of the solid angle element in the laboratory system

(B9’
o | E

with

E*=y-E-(1—p-cosf)  Doppler formula
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Experimental arrangement (electron detection)

particle detector (PPAC

—————

Doppler broadening

A8, = 20°
target — Mini-Orange: 19 cm
Mini-Orange — Si detector: 6 cm

For projectile excitation:
T, =y T, -{1 — B -\/1 + 2m, c?/T, -c05931}+mec2 (y—1)

with
c0s6,1 = cosYc0sV9, + sind;sind,cos(p, — 1)
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| orentz transformation
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Segmented detectors

N\
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Recoll distance method

target degrader

_d
Idegraded =1I-e e

Ishifted = (1 - e_d/m)

I degraded

= e_d/‘UT

Idegraded + Ishifted

10

Energy [keV]
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Doppler Shift Attenuation Method

stopper
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