
 
 

  

 
BNL-98918-2013-CP 

 
 

 
A proposed “delay line” for hadron beams in RHIC 

 
 

N. Tsoupas, V. Litvinenko, G. Mahler,  
V. Ptitsyn, D. Trbojevic 

 
 
 
 
 
  
 
 
 
 
 
 
 

Presented at the 4th International Particle Accelerator Conference (IPAC 13) 
Shanghai, China 
May 12-17, 2013 

 
 
 
 
 
 
 

Collider-Accelerator Department 
Brookhaven National Laboratory 

 
U.S. Department of Energy 

DOE Office of Science 
 
Notice: This manuscript has been authored by employees of Brookhaven Science Associates, LLC under 
Contract No. DE-AC02-98CH10886 with the U.S. Department of Energy. The publisher by accepting the 
manuscript for publication acknowledges that the United States Government retains a non-exclusive, paid-up, 
irrevocable, world-wide license to publish or reproduce the published form of this manuscript, or allow others 
to do so, for United States Government purposes. 
 
This preprint is intended for publication in a journal or proceedings.  Since changes may be made before 
publication, it may not be cited or reproduced without the author’s permission. 



 
 

  

 
 

DISCLAIMER 
 

This report was prepared as an account of work sponsored by an agency of the 
United States Government.  Neither the United States Government nor any 
agency thereof, nor any of their employees, nor any of their contractors, 
subcontractors, or their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or any 
third party’s use or the results of such use of any information, apparatus, product, 
or process disclosed, or represents that its use would not infringe privately owned 
rights. Reference herein to any specific commercial product, process, or service 
by trade name, trademark, manufacturer, or otherwise, does not necessarily 
constitute or imply its endorsement, recommendation, or favoring by the United 
States Government or any agency thereof or its contractors or subcontractors.  
The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

A  PROPOSED “DELAY LINE” FOR HADRON BEAMS IN RHIC* 
N. Tsoupas V. Litvinenko#, G. Mahler, V. Ptitsyn, and D. Trbojevic BNL, Upton, NY 11973 USA

Abstract 
A “delay line” has been proposed to be installed in the 

Blue ring of the Relativistic Heavy Ion Collider (RHIC) to 
accommodate collisions between asymmetric nuclei. The 
function of the “delay line” is to provide an additional 
bath length of ~15 cm to the circulating bunches in the 
Blue ring to synchronize collision with the lower speed 
beam bunches of the Yellow ring at the interaction points 
(IP’s). The delay line can also be used in the proposed e-
RHIC accelerator for the electron-hadron collisions at 
various energies. This paper serves as a feasibility study 
to identify any problems whose solution may improve the 
function of the delay line. Since few solutions may be 
possible, in this paper we present the layout and the optics 
of the delay line for on one of these possible solutions and 
we will discuss the energy range that asymmetric 
collisions can be performed in the RHIC collider.   
 

INTRODUCTION 
Figure 1 is a schematic diagram of the RHIC complex 

with RHIC at the top of the figure. The blue and yellow 
rings as shown in the figure intersect at six (IP’s). 
Currently RHIC accommodates collisions at the IP’s 
between hadrons which are of the same species and have 
the same rigidity. Although RHIC has accommodated 
collisions between different species like Cu on Au, the 
ions of the different species are constrained to have the 
same relativistic γ factor.    
 

 

  
Figure 1. Schematic diagram of the RHIC complex. The 
two intersecting elliptical rings on the top of the figure 
represent the blue and the yellow ring of RHIC.   
 

Recently one of the authors brought up the idea of 
introducing an increase of ∼15 cm in the beam orbit of the 
blue ring at the area of the “12 o’clock” (IP) which is 
shown at the top of the figure 1.  
    

THE MAGNETIC ELEMENTS AND 
LAYOUT OF THE DELAY LINE 

Figure 2 shows a schematic diagram of the layout of the 
magnets of the 12 o’clock IP region as it is at present 
without the proposed modification. The diagram on top 
shows the placement of the magnets at the right hand side 
of the 12 o’ clock IP region, and the bottom diagram 
shows the placement of the magnets on the left and right 
side of the 12 o’clock interaction point region.    

 
 
Figure 2: Schematic diagram of the 12 o’clock interaction 
point region as it apears at present .The top diagram 
shows the placement of the magnets at the right side of 
the (IP) and the bottom shows the placement of the 
magnets at eiter side of the (IP). 
 
In the rest of this section we describe the modification of 
the 12 o’clock IP region, and the layout of the magnetic 
elements which facilitate the increase of the path length of 
the blue ring and the “beam matching” of the blue and 
yellow rings. Figure 3 is a schematic diagram of the first 
phase of the modification which consists of the removal 
of all magnetic elements along the blue and yellow arrows 
shown in figure 3. 

 
Figure 3. Schematic diagram of the first phase needed to 
implement the “Delay Line”. Notice that all the magnetic 
elements which are shown in figure 2 and are along the 
blue and yellow arrows in figure 3 have been removed. 
 ___________________________________________  
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Following the removal of the magnetic elements from the 
12 o’clock IP region, the task is to install new sets of 
magnetic elements along the lines indicating by the 
yellow and blue arrows in figure 3. The function of these 
sets of magnetic elements is to optically match the 
circulating beam in each ring and also provide the 
required increase of the path length along the blue ring. 
Figure 4 shows schematically the location of these sets of 
the magnetic elements to be installed along the yellow and 
blue lines shown in figure 3. In the next two subsections 
we discuss in some detail the function of each set of 
magnetic elements.  

Magnetic elements of the yellow section 
At the exit of the yellow ring we install a set of dipoles 
and quadrupoles (large yellow rectangle top right of 
figure 4) to bend the beam to the left by 49 mrad along the 
yellow line and also generate an achromatic beam. 
Following this section of the line which generates an 
achromatic beam a set of quadrupoles are installed 
(yellow narrow rectangles top right of figure 4). The 
function of these quadrupoles is to transport the beam 
along the straight section of the interaction region and 
match the beam to the circulating beam of the yellow ring 
by using the same set of qudrupoles (yellow narrow 
rectangles bottom left of figure 4) and a set of dipoles and 
quadrupoles (large yellow rectangle bottom left of 
figure4) which bend the beam to the right by 49 mrad 
inside the yellow ring and also match it to the circulating 
beam. The beam optics of this section of the yellow line 
will be discussed in a separate section below.  

 
Figure 4. Schematic diagram and layout of the magnet 
sets proposed to be installed along the yellow and blue 
lines. A more detailed description of each set of magnets 
proposed to be installed is discussed in the text.  
 

Magnetic elements of the blue section 
The blue section employs similar sets of magnets as the 
yellow section, with the exception of the “delay section”. 
For completion we discuss the placement of the sets of 
magnets in the blue section as we did in the yellow 
section. At the exit of the blue ring we install a set of 
dipoles and quadrupoles (large blue rectangle top left of 
figure 4) to bend the beam to the right by 49 mrad along 
the blue line and also generate an achromatic beam. 
Following this section of the line which generates 
achromatic beam a set of quadrupoles are installed (blue 
narrow rectangles top left of figure 4). The function of 
these quadrupoles is to transport the beam along the 
straight section of the interaction region and match the 
beam to the circulating beam of the blue ring. This 

matching is accomplished by using the same set of 
qudrupoles (blue narrow rectangles bottom right of figure 
4) and a set of dipoles and quadrupoles (large blue 
rectangle bottom right of figure 4) which bend the beam 
to the left by 49 mrad inside the blue ring and also match 
it to the circulating beam.  The long blue rectangle labeled 
as “delay line” is a set of dipoles which deflect the beam 
along the vertical plane, fist down and then up. Figure 5 
shows the dipole arrangement of the “delay line”. The 
relative coordinates of the dipole magnets are generated 
by using the survey command of the MAD computer 
code. The proposed “delay line” will be installed in the 
location of the long blue rectangle shown in figure 4. 
Each of the blue rectangles in figure 5 represents a dipole, 
and the delay line bends the beam down and then 
upwards. The beam optics of this section of the blue line 
will be discussed in a separate section below. 

 
 
Figure 5. The layout of the proposed “delay line” to be 
installed in the location of the long blue rectangle shown 
in figure 4. The blue rectangles shown in this figure are 
dipole magnets. 
 

CONSTRAINTS OF THE DELAY LINE 
In this section we discuss the various constraints 
associated with the delay line. Depending on the time 
delay required for a particular experiment the delay line 
should provide a variable delay from 0 to a maximum 
available. This requires that the magnets of the delay line 
are “warm” with maximum field of 2.0 T and also 
movable, to be placed along a straight line to provide 0 
delay or follow the curve shown in figure 5 to provide 
maximum delay. Although the available length in the IP 
region is 200m in this study we use ~164 m with the rest 
of the space to be used by the set of the set of quads and 
the achromatic sections as discussed in the earlier section. 
The magnet placement shown in figure 5 can be on the 
vertical plane or on a horizontal plane. The vertical plane 
placement restricts their maximum displacement to 1.5 m 
with the horizontal plane providing a larger displacement 
which at the same time requires a longer longitudinal 
space than the 164 m accepted as available. We assume as 
maximum strength of the warm dipoles to be 2.0 [T].  



 

 

BEAM OPTICS 
In this section we discuss the beam optics of the yellow 
line which does not provide any delay, and that of the 
blue line which provides the delay. Both optics are based 
on the set of magnetic elements discussed in previous 
section and are performed with the MAD computer code. 
The beam parameters at the entrance and exit of the 
Yellow and Blue beam lines have been provided from Ref 
[1]. In the optics we constrain the beam to be achromatic 
at the exit and entrance of the achromatic sections. 

Yellow Beam Line Beam Optics 
The function of the beam line section of the IP region 
which corresponds to the Yellow ring is to match the 
beam parameters at the exit of the Yellow ring at the top 
right of figure 3 to the beam parameters of the Yellow 
ring at the bottom left of figure 3. Although the values of 
the beam parameters may change depending on the lattice 
used in each hadron run, the two sets of achromatic 
section and the two sets of the quadrupoles can match any 
reasonable set of beam parameters of the Yellow ring [1]. 
The location of the elements of this line remains fixed. 
Figure 6 shows the beta functions (βx,y) and the dispersion 
functions (ηx,y) along the Yellow beam line section. 

       
 
Figure 6. The beta functions (βx,y) and the dispersion 
functions (ηx,y) along the Yellow line. The beam is 
achromatic between the two achromatic sets of elements. 
 
The five narrow rectangles at the left and right of the 
centreline, correspond to the quadrupole set mentioned 
earlier. The other rectangles represent the quadrupoles 
and dipoles of the achromatic section of the line. The 
beam is achromatic between the two achromatic sets of 
elements. 

Blue Beam Line Beam Optics 
The function of the Blue line section of the IP region is 
twofold, first to match the beam parameters at the exit of 
the Blue ring at the top left of figure 3 to the beam 
parameters of the Blue ring at the bottom right of figure 3, 
and second to provide the required path length by 
adjusting the position of the dipoles which comprise the 

“delay line” as shown in figure 5. Figure 6 shows the beta 
functions (βx,y) and the dispersion functions (ηx,y) along 
the Blue line section. 
       
The set of the rectangles at the centre of figure 7 are the 
dipole magnets which comprise the delay line.   
 

 
 
Figure 7. The beta functions (βx,y) and the dispersion 
functions (ηx,y) along the Yellow beam line section. The 
beam has a vertical dispersion due to the dipole magnets. 
 
The five narrow rectangles which appear to be separated 
at the left and right of the centreline, correspond to the set 
of quadrupoles mentioned earlier. The other rectangles 
represent the quadrupoles and dipoles of the achromatic 
section of the line. The vertical dispersion along the delay 
line section varies according to the strength of the dipoles.  
 

RANGE OF THE DELAY 
In Table 1 we summarize the maximum delay achieved by 
the delay line. The maximum delay achieved is based on 
the constraints which are mentioned in an earlier section. 
Namely we constrain the length of the dealay line to 164 
[m] and the maximum vertical displacement to 1.5 [m] as 
shown in columns 2 and 3 of Table 1.  
 
Table 1: The maximum delay (column 4) for a given 
beam rigidity range. 
Rigidity Range 

[Tm] 
Length 

[m] 
Vmax[m] Max-Delay 

[cm] 
0  to 627 164 1.5 15.8 

627 to 837 164 1.5 15.8 to 9.0 
  

CONCLUSIONS 
We study the feasibility of introducing a path increase to 
the circulating beam of the Blue ring of RHIC. We 
present the results of one of the possible solutions.   
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