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Figure 2: The 3MeV movable diagnostic test bench. 

 

Figure 1: LINAC4 schematic layout. 
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Figure 5: Simulated temperature profile along the wire in 
the beam waist condition. 

 

Figure 4: Wire scanner signals for different wire 
positions, acquired in the beam waist condition, with a 
pulse length of 250 �s (top) and 150 �s (bottom). 

 

Figure 6: Simulated time evolution of the wire peak 
temperature after ten consecutive pulses in the beam waist 
condition. 

 

Figure 3: Vertical transverse profiles of the chopped beam 
acquired with the wire scanner in the MEBT line in time 
steps of 4�s during the 250 �s beam pulse. 

. 

. 

. 

Proceedings of IBIC2013, Oxford, UK WEPF09

Beam Profile Monitors

ISBN 978-3-95450-127-4

827 C
op

yr
ig

ht
c ○

20
13

by
JA

C
oW

—
cc

C
re

at
iv

e
C

om
m

on
sA

tt
ri

bu
tio

n
3.

0
(C

C
-B

Y-
3.

0)




��������	���� �	� 
�����	
�����
���
���!� 
�� ����
� 
��������
���
���� 


��������
 
/"�	"���	����0	���	��0,�����	��	,��	1	��&	)�
�+��	,�0,	

+����	50��	����	@6�		:��		��		,��)	���0�0,0		��	�	����<��,��	
"���	 -����	 ���3	 ���	 �0	 �0��	 ���	 0-��,��)�,��	
)��0���)��,0�	 /��	 �,���	 �����	 "����	 ��0	 +�,�	 �	
����<��,��	 ���	 �	 
��,����	 "���	 -�����	 �0	 -��,	 ��	 ,��	
�)�,,����	 )�,��	 ��0���+��	 ��	 ,��	 ��9,	 0��,����	 /��	 "���	
0�����	 ������,	 �0	 ,��	 0�)�	 �0	 ���	 ,��	 "���	 0������0	
��0���+��	 �+�
��	 0�	 ,��	-������0	 ���	+�	)��0����	"�,�	 �	
,�)�	��0���,���	��	*	D0�		!	,3-����	����<��,��	+��)	-������	
��2�����	+3	,��	����	��	,��	0-��,��)�,��	 ����	�0	0��"�	��	
������	 E�	/��	 0-��,��)�,��	 ����	 ��0	 +���	 �0��	 ,�	 ��;�0,	
,��	-��0�	���	,��	�)-��,���	��	,"�	��	,��	+������0	��	,��	
�
�/	 ����	"�,�	 ��0-��,	 ,�	 ,��	��4	���	"�,�	 ��0-��,	 ,�	
����	 �,����	 /��	 �0��	 )�,���	 �����0	 ��	 ,��	 ���,	 ,��,	 ���	
-��0�	 
����0	 �+�
�	 ,��	 ��)����	 +�������	 -��0�	 ,��	
�
�����	+����	�����3	������0�0	���	,��������	,��	-��,����	
���
�,���	 �����0	 ��	 ,��	 0-��,��)�,��	 )����,	 �0	 �������	
"����	 ���	 -��0�0	 +���"	 ,��	 ��)����	 ���	 ,��	 ���
�,���	
�����0	 �0	 0)������	7���	 0�,,���	 ,��	-��0�	 ,�	 ,��	��)����	
+�������	-��0�	���	������0���	,��	��	�)-��,���	0�--����	
,�	 ,��	 +�������	 ,��	 -������	 "��,�	 0�����0	 +�,	 ,��	 )���	
-�0�,���	���0	��,	�������	/��	+��)	"��,�	���	-�0�,���	�,	
,��	 ���	 ��	 ,��	 0-��,��)�,��	 ����	 "���	 )��0����	 +3	 ,��	
����<��,��	 "���	 �����	 /��0	 )�,���	 ����"��	 ,��	 ����,�
�	
-��0�	 -�0�,���0	 ��	 ,��	 +������0	 ,�	 +�	 -����0��3	
��,��)����	���	"�0	�����	,�	+�	��	-�����,	�����)��,	"�,�	
�	 0�)����	 )�,���	 -�����)��	 �0���	 ,��	 �����	  ��-�	
����,��	>F?. 

�������������������	��
���
�������
 

The emittance meter installed on the movable test 
bench consists of a slit and grid system for a direct 
sampling of the transverse phase space from which the 
emittance can be calculated [9]. The slit selects a narrow 
slice of the beam at a well defined position. The angular 
distribution of the particles transmitted through the slit is 
transformed into a position distribution in the downstream 
drift space of about 3m and sampled using two wire grids 
(horizontal and vertical) as profile monitors. By scanning 
the slit across the beam, the whole phase-space can be 
reconstructed. The slit consists of two blades mounted 
with a 15° angle with respect to the beam axis in order to 

dilute the energy deposition. Each blade consists of a 
harmonica shaped, water-cooled copper structure covered 
by a graphite plate. The 200 �m gap separating the blades 
allows the passage of the beamlet. The slit has been 
designed to accept particle energies up to 12 MeV and is 
capable of withstanding the full nominal beam intensity 
of 65 mA if the beam pulse length does not exceed 100 
μs. During this first commissioning period the beam 
intensity after the RFQ did not exceed 15 mA, and 
therefore could not damage the slit even with the longer 
pulse length of 250 μs. The wire grids have 48 wires with 
a pitch of 750 μm. Each wire has its own readout chain 
consisting of an amplifier followed by an ADC with a 
sampling frequency of 250 kHz, thus allowing the time 
resolution of 4 μs. The slits and the SEM grids are driven 
by stepping motors with 50 μm resolution. For a typical 
emittance measurement the start position of the slit, the 
end position and the step size are defined by the user. The 
movement of the wire grid is determined by a scaling 
factor with respect to the slit movement and for each slit 
and wire grid position a predefined number of 
measurements are taken. It is also possible to individually 
define the positions of the slit and of the grid for each 
scanning step through an input file provided to the control 
software. 

In the first commissioning stage the movable test bench 
was directly connected to the RFQ without the MEBT 
line being installed. In order to measure the beam profile 
in the absence of the MEBT wire scanners, the edge of 
the slit blades was used as a scraper and the beam 
intensity not cut by the slit was measured by a 
downstream BCT. Inverting this measured curve, which 
corresponds to the beam lost on the slit, and 
differentiating the loss curve, allowed the transverse 
profile at the position of the slit to be deduced. An 
example of this kind of measurement is shown in Fig. 8. 
Even after the installation of the MEBT line the 

 
Figure 7: Typical beam profile acquired by the wire grid 
in the spectrometer line. 

 

Figure 8: Transverse profile acquired by using the 
emittance meter slit as a beam scanning scraper. 
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scraping method was adopted as a fast method to measure 
the beam profile at the position of the slit. The same result 
was obtained with an emittance meter scan while 
integrating the signals measured by all the wires of the 
downstream wire grid for a given slit position. The two 
methods were found to be in perfect agreement. We were 
also able to reconstruct the beam profile by measuring the 
intensity of the beamlets passing through the slit aperture 
during a slit scan using the downstream BCT. The vertical 
profile was very clean due to the smaller beam size and 
therefore the higher beam intensity passing through the 
slit. The horizontal signal-to-noise ratio was poorer, but 
the profile was still measurable and indicated an intensity 
resolution of the BCT better than 100 μA.  

As far as transverse emittance measurements are 
concerned, different kinds of measurements have been 
performed during this first commissioning period. When 
the test bench was directly connected downstream of the 
RFQ, without the MEBT line being installed, the 
emittance at the output of the RFQ was reconstructed by 
quadrupole scanning and profile measurements using the 
slit as a beam scraper. The normalized rms emittance 
values obtained were 0.314 � mm mrad in the horizontal 
plane and 0.344 � mm mrad in the vertical plane. The 
emittance plots  are shown in Fig. 9. The  expected  
values from simulations were respectively 
0.357 � mm mrad and 0.371 � mm mrad. When the 
MEBT line was connected downstream of the RFQ, the 
emittance measurement was repeated with the same 
method, this time using the profile measurements 
provided by the first wire scanner in the MEBT line. In 
this case the values obtained were significantly lower, of 
the order of 0.25 � mm mrad, the reason for which has to 
be further investigated. When we adopted the emittance 
meter (slit and grid system) to make a direct measurement 

of the beam emittance at the slit location (at the output of 
the MEBT line), we also got values of the order of 0.25-
0.30 � mm mrad, lower than the expected 0.35 � mm 
mrad. This was partially attributed to a low acceptance of 
the emittance meter in this first period of commissioning, 
due to the fact that only 32 wires (out of the 48 available 
wires) were connected to readout electronics. Another 
explanation comes from beam losses occurring in the 3 m 
drift space between the slit and the grid. This was in fact 
confirmed by a BPM positioned upstream of the grids 
which saw particle losses falsifying its position signal. 
Since no steering magnet was available upstream of the 
test bench, it was difficult to try correcting this effect. In 
the upcoming second commissioning period, after the 
installation in the LINAC4 tunnel, we will profit from a 
complete readout of the emittance meter wire grids and 
from the possibility to use steerers in the MEBT line in 
order to get more reliable emittance measurements at the 
output of the chopper line. 

	��	��
���
������������ 
			A dedicated test stand was set up for the commissioning 
of the 3MeV line of the Linac4 accelerator at CERN. The 
beam instrumentation hosted in the MEBT line and in a 
movable test bench was commissioned and used to 
characterize the beam. Wire scanners, wire grids and a 
slit-and-grid emittance meter capable of standing the 3 
MeV beam power were successfully used for profile and 
emittance measurements. A second commissioning period 
will start soon after the permanent installation of the 
3MeV line in the Linac4 tunnel and will allow the issues 
encountered during the relatively short first 
commissioning period to be addressed to better 
characterize the 3MeV H- beam. 

�	���
���������
� 
				The authors wish to thank G.Bellodi, A.Lombardi, 
J.B.Lallement, V.A.Dimov, as well as the whole team in 
charge of the 3MeV test stand commissioning, for their 
fruitful collaboration. 

�������	�
 
[1] Linac4 tech. design report, CERN-AB-2006-084 ABP/RF. 
[2] ��	 ��������	 A�0��	 0-�������,���0	 ���	 (=�!�*	 ,�0,	 +���� 

������0,��0B�	�
��	
�� 	(*-B-EP-0002. 
[3] F.Roncarolo et al., AOverview of the CERN LINAC4 beam 

��0,��)��,�,���B, Proc. of Linac2010, Tsukuba, Japan. 
[4] E. J. Sternglass, Phys. Rev. 108, 1 (1957). 
[5] �����������	 �,	 ����	 A7���	 ����	 ���	"���	 0������	)���,��0 

��0���	���	,��	�
��	(=�!�	*B�	Proc.Linac2010, Japan. 
[6] M. Sapinski�	 AModel of Carbon Wire Heating in 

Accelerator BeamB�	CERN-AB-2008-030 BI. 
[7] Lars Frohlich�	 AThermal Load on Wirescanners in the 

FLASH LinacB�	DESY Technical Note 2006-02. 
[8] !�&�	 ��0������	 A��,���0	 ���	 =�0,��)��,�,���	 ���	Bunch 

 ��-�	���0���)��,0B�	C����	��	,��	C!�	@%%#�	��������=(�	
June 2001. 

[9] ��	���3)��	�,	����	A��0���	��	,��	
)�,,����	��,�� for the 3 
and 12 MeV LINAC4 H- ���)B�	=C!� 2010. 

 

Figure 9: Transverse emittance measurement at the output 
of the RFQ at the energy of 3 MeV. 
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