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Abstract 

The Relativistic Heavy Ion Collider (RI-UC) provides 
collisions of the fully stripped gold ions for four experi- 
ments. This report shows results from measurements of 
the betatron functions within the Interaction Regions (lR) 
as well as in the arcs in both “blue” and “yellow” rings. 
A single quadrupole excitation or the beam position moni- 
tors’ RMS. values at injection are used to obtain the beta- 
tron amplitude function. 

2 AMPLITUDE FUNCTIONS &, ,& 
MEASUREMENTS 

The amplitude betatron function measurements during 
the RHIC commissioning were obtained first from the in- 
jection oscillations taking therms value. A measurement in 
the horizontal plane is presented in Fig. 1 together with the 
predicted values, while the vertical plane measurements is 
presented in Fig. 2. 

1 INTRODUCTION 

RHtC consists of two identical three fold symmetric 
rings which provided collisions during the run in the 
summer of 2000 of the fully stripped gold ions. Dur- 
ing this commissioning run the maximum energy was 70 
GeVlnucleon. At two interaction regions (IRS), one at 8 
o’clock where is the large detector “PHENIX” located, and 
at 2 o’clock where the smaller experiment “BRAMS” re- 
sides collisions were established at points with p* N 3m. 
At the 6 and 10 o’clock the minimum of the beta function 
was p N 8m. The RHIC lattice is made of six arcs with 
twelve standard N 90’ FODO cells between the IRS. The 
IRS are made of almost the same FODO cells with miss- 
ing dipoles, to allow for zero dispersion at collision points. 
The lR tunable FODO cells also allow matching of the be- 
tatron functions between the high focusing tripkets and the 
arc FODO cells. The expected values of the lattice func- 
tions in RHIC are presented in Table 1. 

Table 1: Maximum Twiss Functions in RHIC at the IX 
Region 1 Pz 1 P, 1 &in 1 D&IP 
IR 8 and2 1 424.94 1 413.76 1 8.50 1 -0.0001 

The maximum values of the betatron functions are 
within the strong focusing triplet quadrupoles around the 
two low ,0 IRS while the other values are presented within 
the arc FODO cells. The beam positions around the ring 
were measured with a total of 334 beam position moni- 
tors (BPMs) per one ring. Almost half of the BPMs (total 
of 160) are dual plane monitors. Each BPM is capable of 
measuring and recording the turn by turn positions of the 
center of the beams. In this report a measurement of the 
& &, and D, will be presented and compared with the 
design. 

*Work performed under auspices of the U.S. Department of Energy 
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Figure 1: Measured -o- and predicted pZ betatron function 
in the horizontal plane. 
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Figure 2: Measured -o- and predicted py betatron function 
in the vertical plane. 



3 DISPERSIONFUNCTION ’ 
MEASUREMENTS 

At the beginning of the RHIC commissioning there was 
a clear disagreement between the measured and predicted 
horizontal dispersion measurements. With a help of the 
ON-LINE model a wrong polarity quadrupole power sup- 
ply was detected. Three measurements of the disper- 
sion function are presented in Fig. 3. The first measure- 
ment shown in Fig. 3 was done before a polarity of the 
quadrupole power supply was properly corrected. At the 
same plot design values are shown by the full line. 
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Figure 3: Dispersion function measurements before power 
supply correction -0-, after the correction-o- and predicted 
horizontal and vertical dispersion functions. 

4 BEWL’RON FUNCTION 
MEASUREMENTSBY THETRIM 

QUADRUPOLES 

Although a special program was developed for a purpose 
of the different element polarity check it was used also for 
the betatron amplitude measurements. The betatron func- 
tions at each adjustable quadrupole are determined by mea- 
suring the tune shift [l] due to a change of strength k 1 as 
shown in Eq. 1 

Au N & J ,B(s)Alc ds, 1 
(2) 

where @Q is the average function of the beta function at 
the quadrupole. The tune shift is measured by a betatron 
tune measurement system described above. A part of the 
application program control and results from the measure- 
ments are shown in Fig. 4. 

The betatron functions at the trim quadrupole locations 
were measured at the trim quad locations around the ring 
as presented for the horizontal betatron function in Table 2 

Figure 4: A part of a control page of the application pro- 
gram for the multi-element polarity check. 

and for the vertical betatron function in Table 3. This is a 
part of the available data. The application had been built for 
finding elements with the wrong polarity during the com- 
missioning and it is very easy to use. At the same time 
any discrepancies between the expected and measured val- 
ues leads towards better understanding of the role of each 
element in RHIC. 

Table 2: Horizontal Betatron function measurement 
Tr. quad 1 A k I Au, I ,L& I pz mod. 
bo2-ta4 ] -0.00347 ] -0.01185 ] 42.93 1 39.28 

4.1 Difference Orbit Measurements 

One of the fastest methods of finding the correspondence 
between the measured beam position orbit positions and 
expected lattice functions is a single corrector dipole kick 
with recording the orbit differences. Results obtained by 
this method, shown in the other publications at this con- 



Table 3: Vertical Betatron function measurements 

~ 

1 bi9-tq4 1 0.00347 1 -0.00934 1 33.85 1 36.46 1 

ference [2], were also used to find sources of the local 
decoupling. 

5 SUMMARY 

This report had shown betatron function measurement 
results during the commissioning run. These measure- 
ments had shown to be very useful during this period espe- 
cially the dispersion function measurements which allowed 
fast error analysis using the on-line model. It is expected 
to commission in RHIC soon a new AC dipole system with 
possibility of a very fast betatron function measurements 
in the whole ring by looking the beam position monitor re- 
sponse in the turn by turn mode. 
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