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Small Gap Magnet Prototype M easurements for eRHIC*
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In this paper we present the design and prototype me ; 77 % ’9}-@&1& :« 31 tog \
surement of small gap (5mm to 10 mm aperture) dipole ar| ALY o s . "‘E:L o|®

quadrupole for the future high energy ERL (Energy Recovig
ery Linac). The small gap magnets have the potential

largely reducing the cost of the future electron-ion caltid B
project, eRHIC, which requires a 10GeV to 30 GeV ERL
with up to 6 energy recovery passes (3.8 km each pas
We also studied the sensitivity of the energy recovery pa
and the alignment error in this small magnets structure ar
countermeasure methods.

i%'gure 1. The dipole (left) and quadrupole (right) proto-
yjpes at measurement platform. The gap for the dipole is

5mm and 10mm for quadrupole.

1 INTRODUCTION

The proposed Electron lon Collider (EIC) in BNL,
named eRHIC, exploit multi-pass Energy Recovery Lina
(ERL) to accelerate the electron beam up to 3-30 Ge
taking advantage of the its flexibility. This ERL based
scheme opens a way to deliver luminosity higher thaif¥
cm~2s~1, an order of magnitude higher than an electrol*
ring scheme.

In multi-pass ERL, multiple energy recovery passes a
demanded. Particularly in eRHIC, the energy recove
passes will be built in the existing RHIC tunnel with cir-
cumference 3833m. Therefore the total path length for
6-pass ERL is over 20 kilometers. To reduce the cost si§*=
nificantly, we proposed the small gap magnets (dipoles and
guadrupoles) with the gap of 5mm to 10mm and a common
vacuum chamber. In [1], we presented the engineering de-

signs of the magnets and the vacuum chamber, alone with
the 2-D magnetic field simulation. In this paper, we present 3 MEASUREMENT PLATFORM

the measurement results of the prototypes and the analysiSye se Group 3 Hall probe mounted on a 3-axis trans-
of the errors. lation stage (Figure 2) to map the field. The probe and its
holder as the thickness of 3mm which will fit even the 5 mm
gap. This measurement system has the ability to do both
longitudinal ¢ direction) and vertical (y direction) scans.

Both dipole and quadrupole (Figure 1) prototypes argowever, due to the limitation of the small gap, the ability

built in BNL onsite workshop. The 1006 extra-low carbonOf horizontal ¢ direction) scan is very limited, even for 10

steel is used as high material and copper blocks as theMM gap guadrupole. The movement acuracy of the transla-
jon stage can be as low as 1 micron. In real measurement,

wire to conduct the current for reducing the current densit s . . .
p_e minimum movement step is 25 microns. The relative

Since the magnet gaps are small, the parallelism and fl dinate of th ts with ‘1o th be h
ness of both surfaces are essential to reduce the unwanf&g'o/Nate of the magnets with respect to the probe home

high order component of the magnetic field. position is measured through the geometric survey
Through the measurement, the probe measures the aver-
*Work supported by Brookhaven Science Associates, LLC uGder age normal field of its aCtIVQ area and _Sends the -Slgnal t,o
tract No. DE-AC02-98CH10886 with the U.S. Department of Bger t_he teslameter. We can obtain the the flel(;l at varying posi-
T yhao@bnl.gov tions to calculate the higher order harmonics other than the

Figure 2: The Hall probe on a 3-axis translation stage

2 THE MAGNET PROTOTYPE
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We measured the dipole at 245 Amperes per pole, tt 0 200 400 600
resulting field is about 1170 Gauss. We did not test the fu Longitudinal position (mm)

design current 700A because of the limitation of the powe

supply. We first put the probe at the center of the magnet, - i . .
PRY P P g é]lgure 4: The longitudinal field map at different vertical

determined by survey, and measure the field as function " h )  the field bef
the current after 3 hysterisis cycles from 0 to 380A. Figur@OSItIOn (top), the comparison o t.e e pt= 0 before
and after the magnet pole surface is grinded (bottom).

3 shows a perfect linear function as we expected.
Then, while keeping the survey center in horizontal di-
rection, we scan the field along longitudinal positions with

different vertical positions to examine field flatness. The ) ) ]
design 'good field’ region is-2mm and we scaf-4mm in Table 1: The high harmonic component of the field at 2mm

y direction to gather full knowledge of the field. and 4mm off center. They are measured by units| % of
In the first measurement as shown in the Figure 4 (to Sr,]e average'dlpole field.
the discrepancy of the field between different vertical ca- Harmaonic number ‘ Al2 mm ‘ At 4 mm ‘
ordinates is small, which shows the quadrupole and higher 1 (Quadrupole) -17 -34
components are not significant (not visible in this scale). 2 (Sextupole) 7 26
However, the variation along the longitudinal is huge, and 3 (Octopole) 3 25
becomes main imperfection of this prototype. In the flat 4 -3 -50
field region, the full width of the field variation is about 5 -0.7 -22
2.7% of the average field. This variation can be caused by 6 0.3 17

surface flatness (e.g. the stress relief is not properlyraeco
plished) or the permeability of the material is not uniform.
To examine the source of this imperfection, we perform the

mechanical measurement of the flatness of the gap betwefi, ¢,rvey center of the vertical center is 33.749 mm. In
2 poles, and get the maximum fluctuation is about 3% angle o1 nomial fitting, we set the center at this value and

the variation shapg meet the variation of the field. measure the harmonics at 2mm and 4mm off center.
Therefore we grind the pole to make the surface flat and

fluctuation decreases to about 0.7%. The correspondingFrom table 1 and figure 5, we learn that only quadrupole
field is shown in Figure (bottom). The field discrepancycomponent is significant withink2mm region.  This
drops to 0.8%. This implies the imperfection of field isquadrupole component can be reduced to 2 units, if two
mainly caused by the defection of the pole surface. Forgoles are perfectly parallel with each other. However, the
5mm gap, the surface accuracy should be around 5 microfield degrades at arounti4 mm off center. Currently, a
if the desired field variation is 0.1%. new prototype of dipole is being manufactured with the
At the center of the longitudinal dimension, we take theoal of decreasing the mechanical error. With the new
field as function of vertical positions with small step siae t dipole, a better uniqueness along the longitudinal axis and
study the high harmonic components of the transverse fielgsinaller transverse harmonic component are expected.
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Figure 5: The magnetic field near vertical center an LLA S S S S S B N bt i S
its polynomial fit. The fit function reads a® =

0.1158—9.859x 1075 (y — 1)+ 1.887x 1075 (y — y)* +

1.5€-04

——Before Correction

~After Correction

4.658x 1076 (y — 1.)> —2.278 x 1076 (y — y.)" —2.499 x E,u
1077 (y — ye)® + 4.781 x 1078 (y — .)® Tesla, where £
Yo = 33.749 mm. The grid lines corresponds to 33.74¢ &£co
mm and+2 mm. %_Sm
2.00E-02 roeet
1.50E-02 / \ -1.5€-04
g 1.00E-02 » . Longitudina;l Position [m] ‘ ‘ ‘ ‘
o
5 S-00E03 —y=17.06mm
% 0.00E+00 - ——=19.06mm Figure 7. The beam trajectory at presences of offset error
E=
S 500603 v y=21.06mm of quadrupoles.
to |
S .1.00E-02 - &QL_ ___J_.f. ——y=23.06mm
L50E02 T—{— 1 Tovseemm L otudy. The first will have same dimension as the present
-2.00E-02 — one with higher manufacture precision. The other one will
180 230 280 330 380 430 480 have 5mm gap as the dipole, which is feasible for higher
Longitudinal position [mm] field gradient.

6 BEAM PASSCORRECTION USING

Figure 6: The field map of the quadrupole prototype.
SvD

5 RESULTSOFTHE QUADRUPOLE T e cror e sl et o o o
MEASUREMENT gove P ge nngst-l- Hig

ure 7 shows the application of SVD in an example arc.

The quadrupole prototype is measured at exact Safgghm?gﬂ;pﬁ'isngﬁnﬁ Igalgll\(jlzrgr?f?etccv)vrlszgt?rz \tlghif
ip:la\}:‘/zr;npsﬁetdhigzilg.ealzciﬁ uproel eﬁo?rt]k?gvfngiqen ;e I?:r?:ﬁh?gjstrate the éffect. Each BPM is set to have random offset
figure, the field center is slightly smaller than the survef?rr_Or with rms size 50 microns. It shows clearly that the
center (21.06 mm). According to the linear fitting of the ra_Jrictory gan ?e colrrected as expeé:t_ed. ff he b
integral field [ Bdl, it locates aty = 20.69 mm with field . e study of nonlinear errors and its effect to the beam
gradient 0.397 KG/cm. Is undergoing.

Again, the quality of this prototype is degraded by the
surface uniqueness of the pole surface. It can be observed 7 REFERENCES
in figure 6. Instead of flttlng the integral field, we can flt[]_] W. Meng et al, “Small Gap Magnets and Vacuum Chambers
the field gradient and center at each longitudinal position, for eRHIC", PAC09, Vancouver, Canada, 2009
and find the fluctuation of gradient and field as 0.87% an&] AW. Chao, M. Tigner, “Handbook of Accelerator Physics
0.72% respectively. and Engineer”, World Scientific, 1999

Followed by same procedure, the transverse higher order
harmonics are found in Table 2.

Two new quadrupole prototypes will be built for further
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