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Channeling Radiation &

(� �, ’)-Experiments

Free-Electron-Laser

Compton Scattering off the Nucleon

High Energy Radiation Physics

(e,e’ x) - Experiments &
(e,e’) - Experiments at 180°

(e,e’) Experiments

Optics Experiments
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Requirements
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MeV

small cross sections big acceptance

E =20 ÷ 130

E/E=1·10

E =E - cp (p/p ) - T - E =0.5º
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x 0 cent cent rec targ
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backward and forward angles
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QCLAM
conventional

Lintott
energy loss

Grand Raiden
double matching

Operational Modes of Magnetic Spectrometer
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Target Target Target

Spectrometer
Dipole

Spectrometer
Dipole

Spectrometer
Dipole

Focal Plane Focal Plane Focal Plane
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(x/x) - magnification (x/ )� - dispersion (x/ )=0, (y/ )=0� 	 - focus

Matrix Formalism

x =(x/x)x +(x/ ) +(x/ ) +

+(x/x )x +(x/x )x +(x/ ) +(x/x )x +(x/ ) +

+(x/ ) +(x/y )y +(x/y )y +(x/ ) +

+higher order terms

2 1 1

2 1 1 1 1 1 1

1 1 1
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� � 	 	 	 	

2 2 2
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Magnetic
Deflection

System
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Parameters of the QCLAM Spectrometer
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MeV T m

,

, msr uadrupole + shell dipole

E =20 ÷ 130 B 1.2

E/E=1·10

p/p=±10% =35

0 
 �

�

� ��
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Q CLAM
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�� �

� � � � �

=0.5º (x/x)=-0.492, (x/ )=2.32 cm/%,

( /x)=-23.073 mrad/cm, ( / )=2.02, ( / )=9.42 mrad/%

backward and forward angles “vertical” spectrometer



S-DALINAC

Q
C

L
A

M
S

p
e
c
tr

o
m

e
te

r
a
t

th
e

S
-D

A
L

IN
A

C

C
h
e
re

n
k
o
v

S
c
in

ti
lla

to
r

X
2

D
ri
ft

C
h
a
m

b
e
r

X
1

/
U

D
ri
ft

C
h
a
m

b
e
r

D
ip

o
le

M
a
g
n
e
t

T
a
rg

e
t
L
a
d
d
e
r

S
c
a
tt
e
ri
n
g

C
h
a
m

b
e
r

D
ri
ft

C
h
a
m

b
e
rs

E
le

c
tr

o
n
ic

s

Q
u
a
d
ru

p
o
le

M
a
g
n
e
t

1
0
0
0

m
m

S
-D

A
L
IN

A
C

S
h
ie

ld
in

g



S-DALINAC

S
-D

A
L
IN

A
C

D
ip

o
le

M
a
g

n
e
t

� � �

P
o
le

g
e
o
m

e
tr

y
ti
lt
e
d

p
la

n
e
s

2
.5

4
°

G
a
p

w
id

th
1
2
0
÷
2
2
0

m
m

M
a
x
im

a
l
fi
e
ld

1
T



S-DALINAC

S
-D

A
L
IN

A
C

Q
u

a
d

ru
p

o
le

M
a
g

n
e
t

� �

M
a
x
im

a
l
fi
e
ld

g
ra

d
ie

n
t

3
T

/m

E
ff
e
c
ti
v
e

le
n
g
th

4
0
2

m
m



S-DALINAC

Requirements for the Detector System
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Energy range MeV

Efficiency 100%

Length 670 mm

20 ÷ 130

Width 80 mm

Angular acceptance 40º

Position resolution 0.3 mm

Angular resolution 3 mrad

Time resolution < 1 ns
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Detector System at the QCLAM Spectrometer

500 mm

� VDC X1

� VDC X2

� VDC U

� Scintillator

� Cherenkov detector

� Photomultiplier
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Old VDC

e-

Operation of Vertical Drift Chamber

Ar+C H4 10

Field Wire

Signal Wire

Cathode
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Vertical Drift Chambers at the QCLAM Spectrometer
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Goniometer for (e,e’x) Experiments

1

2

3

4

6

78

9

5

10

11 12

13

1. Target ladder tube

2. Motors for target positioning

3. Vertical motion gearbox

4. Vacuum drain

5. Valve

6. Scattering chamber lid

7. Upper goniometer ring

8. Target ladder

9. Middle goniometer ring

10. Stabilizing rod

11. Optical encoder

12. Lower goniometer ring

13. Detector telescope

x=p,d,t, , He�
3



S-DALINAC

Setup for (e,e’n) Experiments

e

e’

10-15 cm Led

20-25 cm Polyethylene

Liquid scintillator

1 m

Target
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180° System at the S-DALINAC
Incident Beam

Chicane

Scattering
Chamber

Separating
Magnet

Target

Deflecting
Coils

To Faraday Cup

QCLAM Spectrometer

25°

155° - 132.5°

25°

0 1 m

Refocusing
Quadrupoles
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Parameters of the 180° System at the S-DALINAC

Full solid angle
Limited solid

angle

Central energy range MeV 25 � 85 25 � 85

Momentum acceptance % [- 10 ; + 10] [- 6 ; + 8]

Effective scattering angle deg ca. 177.5 ca. 178

Acceptance of the horizontal scattering
angle

mrad � 60 � 40

Acceptance of the vertical scattering
angle

mrad � 40 � 40

Solid angle acceptance msr 9.6 6.4

Momentum transfer fm
-1

0.2 � 0.85 0.2 � 0.85

Intrinsic energy resolution 2�10
-4

2�10
-4
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Background Sources in 180º Mode

Incident
Beam

Target

Faraday Cup

40º System

Refocusing
Quadrupoles

169º Spectrometer

0 4 m
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Excitation Energy Spectrum of C
12

12
C(e,e’)

E = 72.8 MeV

= 180°

CW

0

�

1
+

2
+

C
o
u
n
ts

Excitation Energy (MeV)



S-DALINAC

Trigger Electronics
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Time Spectrum of Electrons
C

o
u
n
ts

Time of Flight (Channels)

40° System

Faraday Cup

Target
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C(e,e’)

E = 72.8 MeV

= 180°

10 MHz
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Excitation Energy Spectrum of C
12

12
C(e,e’)

E = 72.8 MeV

= 180°

10 MHz
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Excitation Energy (MeV)

FWHM = 80 keV
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Status and Outlook
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Larger momentum acceptance than that of any previous 180

Unprecedented capabilities for solid angle definition

Effective background suppression

º system

Possibilities for alignment and monitoring of the system

higher momentum transfer

better background suppression

improvement of the event reconstruction

New separating magnet

New VDCs
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