
.- <A 3 
-5 

BROOKHAWEN 
NATI 0 L LAB 0 RAT0 RY 

BNL-73444-2005-CP 

Synchrotron Radiation in e n I C  Interaction Region 

J. Beebe-Wang, C. Montag, et. al. 

Presented at the Particle Accelerator Conference (PA C’O5) 
Knoxville, Tennessee 

May 16-20,2005 

Collider-Accelerator Department 

Brookhaven National Laboratory 
P.O. Box 5000 

Upton, NY 1 1973-5000 
www. bn 1.g ov 

Managed by 
Brookhaven Science Associates, LLC 

for the United States Department of Energy under 
Contract No. DE-AC02-98CHl0886 

This is a preprint of a paper intended for publication in a journal or proceedings. Since changes may be 
made before publication, this preprint is made available with the understanding that it will not be cited 
or reproduced without the permission of the author. 



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. 

FOR UNCLASSIFU3D, UNLIMITED STI PRODUCTS 

Available electronically at: 

OSTI: 

http://www.osti.gov/bridge 

Available for a processing fee to U.S. Department of Energy and its 
contractors, in paper from: 

U.S. Department of Energy 
Office of Scientific and Technical Information 
P.O. Box 62 
Oak Ridge, TN 37831 
Phone: (865) 576-8401 
Facsimile: (865) 576-5728 
E-mail: reports@adonis.osti.gov 

National Technical Information Service (NTIS): 

Available for sale to the public from: 

U.S. Department of Commerce 
National Technical Information Service 
5285 Port Royal Road 
Springield, VA 22131 
Phone: (800) 553-6847 
Facsimile: (703) 605-6900 
Online ordering: http://www.ntis.gov/ordering.htm 

(B Pmitnd qn r6aFlnci papoe 



SYNCHROTRON RADIATION IN ERHIC INTERACTION REGION* 

Number of Dipole Magnets at IP 
Magnetic Field 

Mamet Effective Lenrrth L 

J. Beebe-Wang#, C. Montag, Brookhaven National Laboratory, Upton, NY 11973, USA 

A. Deshpande, Stony Brook University, Stony Brook, NY 11974, USA 

D. Rondeau, Binghamton University, Binghamton, NY 13902, USA 

B. Surrow, MIT, Cambridge, MA 02139, USA 

2 
0.2 Tesla 

1.0 m 

Abstract 
The electron-ion collider eRHIC [ 11 currently under 

study at BNL consists of an electron storage ring added to 
the existing RHIC complex. The interaction region of this 
facility has to provide the required low-beta focusing 
while accommodating the synchrotron radiation generated 
by beam separation close to the interaction point. In the 
current design, the synchrotron radiation caused by 
lOGeV electrons bent by separator dipole magnets will be 
guided through the interaction region and dumped 5m 
downstream. However, it is unavoidable to stop a fraction 
of the photons at the septum where the electron and ion 
vacuum systems are separated. In order to protect the 
septum and minimize the backward synchrotron radiation, 
an absorber and collimation system will be employed. In 
this paper, we fist  present the overview of the current 
design of the eRHIC interaction region with special 
emphasis on the synchrotron radiation. Then the initial 
design of the absorber, including its geometrical and 
physical property, will be described. Finally, our initial 
investigation of synchrotron radiation in the eRHIC 
interaction region, especially a simulation of the 
backward scattering from the absorber, will be presented. 

ERHIC INTERACTION REGION 
The merging and separation of electron and ion beams 

in the current design of the eRHIC interaction region is 
realized by bending the lower-energy electron beam away 
from the ion beam. This scheme provides a machine- 
element fkee region of f 3m around the IP and a greater 
detector acceptance at the expense of lower luminosity 
and a fair amount of synchrotron radiation generation in 
the interaction region [2]. A certain fraction of the 
synchrotron radiation fan unavoidably hits the septum 
plate of the fist  ion septum quadrupole, at 7.2m from the 
interaction point (IP). This septum is therefore equipped 
with a dedicated synchrotron radiatioii absorber to 
minimize the amount of backscattered photons that may 
eventually hit the detector, thus contributing to IP 
background. In this paper we present our initial 
investigation of synchrotron radiation in the eRHIC 
interaction region, especially a simulation of the 
backward scattering from the absorber. 

*Work performed under the auspices of the U. S. Department of Energy. 
#bbwang@bnl.gov 

FORWARD SYNCHROTRON RADIATION 
IN THE INTERACTION REGION 

The photon spectrum of forward synchrotron radiation 
can be calculated with [3]: 

d2n - 4 y S(w/wc)  
dtdE Ec2 (wlw,) 

where Po is the synchrotron radiation power, y is the 
electron relativistic factor P,,~ / Ec is the critical 
photon energy, and the S-function is defined as: 

Here, &,Jz) is the modified Bessel function of the second 
kind. There are two directions of synchrotron radiation in 
the eRHIC interaction region: forward (in the direction of 
the electrons) and backward (in the opposite direction of 
the electrons). The forward synchrotron radiation 
background is generated by lOGeV electrons bent through 
a 02Tesla detector integrated dipole magnet located lm 
(from the magnet center to IP) upstream. The backward 
radiation background is caused by the secondary radiation 
of the absorber located 7.2m downstream, which is 
proportional to the primary radiation onto the absorber. In 
the current design, the fraction of the forward radiation 
fan hitting the absorber is 20% and 27%, generated in the 
magnets located l m  (from the magnet center to IP) 
upstream and downstream of the detector, respectively. 
Figure 1 shows the photon spectrum of forward radiation. 
into the interaction region without masks and onto the 
absorber calculated with the physical parameters of 
eRHIC listed in Table 1. The integrated forward radiation 
onto the absorber is 4.8x1022photons/sec. 

Electron Beam Current I 0.5A 
Electron Relativistic Factory I 1.96E+04 

Syncrotron Radiation Power Po 
Critical Photon Energy Eo 

I 5.08 kW 
I 13.3 keV 
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Figure 1: Photon spectrum of forward synchrotron 
radiation into the interaction region without masks (blue) 

and onto the synchrotron radiation absorber (red). 

DESIGN OF SYNCHROTRON 
. RADIATION ABSORBER 

The design of V-shaped absorber is based on the high 
power synchrotron radiation absorber of HERA [4]. It not 
only has to withstand the heat load of the synchrotron 
radiation, but also has to minimize the backward 
scattering of the photons. Table 2 lists the geometry 
location and material of the vacuum chamber, the detector 
and the V-shaped absorber. Figure 2 provides a 3D view 
of the eRHIC synchrotron radiation absorber placed in 
front of the septum. 

Table 2: Geometry location and material of the absorber, 
S. 

Figure 2: The eRHIC synchrotron radiation absorber. 

BACKWARD SYNCHROTRON 
RADIATION INTO THE IR REGION 

Computer Simulations 
GEANT [5], a Monte Carlo tool for high-energy 

physics detector, is used for this simulation study. The 
included physics processes involving photon-matter 
interactions are photoelectric effect, Rayleigh (coherent) 
scattering, Compton (incoherent) scattering, continuous 
energy loss, (e+, e-) pair production, positron annihilation, 
hadronic interaction, Bremsstrahlung, ionization and &ray 
production. All the simulation parameters are consistent 
with the current eRHIC design. The result of the 
simulation, Figure 3, shows a uniform photon distribution 
across the beam pipe in the interaction region due to 
backward synchrotron radiation from the absorber. The 
integrated backward radiation into the detector is 1 . 2 ~ 1 0 ’ ~  
photonslsec and the backward scattering rate is 4x106 to 1. 
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Figure 3: synchrotron radiation photon density 
distribution in the beam pipe cross section at the detector. 

Backward Radiation into Detector Generated 
@om Diferent Parts of the Absorber Suvface 

The characteristics of the backward radiation generated 
from different parts of the absorber surface can be 
different due to their path and the angle to the detector. 
We simulated the backward radiation levels associated 
with different parts of the absorber surface. Figure 4 is a 
side view of the fiaction of forward radiation photons 
onto the absorber hitting the top 5% of the V-shaped 
surface. The resulting backward radiation, figure 5, has 
higher photon density at the bottom of the detector 
opening compared to the top. The backward radiation 
level is 10% more than the radiation level averaged over 
the entire absorber surface. 

A similar photon density distribution is obtained from 
the simulation of 5% forward radiation fan onto the 
upper-middle part of the absorber surface. The backward 
radiation level is 10% less than the radiation level 
averaged over the entire absorber surface. Figure 6 shows 
the photon spectrum of backward radiation associated 
with top and middle parts of the absorber surface 
compared to the spectrum averaged over the entire 



absorber surface. It is interesting to note that the 
summation of the backward radiation photon density from 
the top-bottom symmetric parts of the V-shaped absorber 
is very uniform at the detector. 

Figure 4: side view of 5% forward radiation fan onto the 
top part of the absorber surface. 

Figure 5: Photon density of backward radiation into 
detector from the top part (5%) of the absorber surface. 

Figure 6: The photon spectrum of backward radiation 
associated with top and middle parts of the absorber 
surface compared to the average of the entire surface. 

Radiation Level vs. Absorber Length 
The backward radiation level crucially depends on the 

material and the tilt angle of the V-shaped absorber 
surface with respect to the direction of forward radiation. 
In order to investigate the impact on the surface tilt angle 
to the backward radiation into the detector, a simulation 
was also performed with a lOcm absorber depth keeping 
all other physical and geometrical parameters the same. 
Figure 7 compares the photon spectrum of backward 
radiation into the detector from the V-shaped absorbers 
with depths of lOcm and 25cm. Their corresponding 
surface tilt angles are 150mrad and 60mrad, respectively. 
The integrated backward radiation levels into the detector 
are 7.0~10‘~photons/sec and 1.2~10’~photons/sec for the 
absorber depth of lOcm and 25 cm, respectively. 
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Figure 7: comparison of photon spectrums of backward 
synchrotron radiation into the detector from the v-shaped 
absorbers with depths of lOcm and 25cm. 

Discussion and Conclusion 
With the current Interaction design of eRHIC, the 

integrated forward synchrotron radiation onto absorber is 
4.8~10~~photons/sec, and the integrated backward 
radiation into the detector is 1.2~lO’~photons/sec. Thus 
the backward scattering rate is 4x106:1 for an copper 
absorber with 25cm depth. A synchrotron radiation mask 
system needs be designed to limit the opening angle of the 
backward radiation fan such that the detector components 
are shadowed from the core of the backward radiation fan. 

The simulation study shows that the photon density 
distribution of backward radiation is very uniform across 
the detector beam pipe. Most backward radiation photons 
into the detector have very low energy (4OkeV). 

The radiation deviation due to different parts of the V- 
shaped absorber is within 10% of the average radiation 
level. The summation of the backward radiation from the 
top-bottom symmetric parts of the V-shaped absorber is 
also uniform across the detector beam pipe. 

The integrated backward radiation levels into the 
detector are 7.0x10’6photons/sec and 1.2~lO’~photons/sec 
for the absorber depth of lOcm and 25cm, respectively. 
The knowledge of backward radiation level vs. the 
absorber depth provides useful guidelines for more 
detailed design. 

Apart from the backward radiation properties, an 
investigation on the heat load and temperature distribution 
on the eRHIC absorber due to synchrotron radiation will 
also be necessary. 
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