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Abstract 23 —
During the RHIC 2003 run, two beam position moni- €2 —

tors (BPMs) in each transverse plane in the RHIC blue ring ou SNAPL VME Crate

were upgraded with high-capacity mezzanine cards. This -

upgrade provided these planes with the capability to dig- E § Other IFEs

itize up to 128 million consecutive turns of RHIC beam, = =

or almost 30 minutes of continuous beam centroid phase |

space evolution for a single RHIC bunch. This paper de- = v Y

scribes necessary hardware and software changes and ini- T| [ePm e O [BPM T

tial system performance. We discuss early uses and results ~ Single—plane (arcs) Dual-plane (IRs)

for diagnosis of coherent beam oscillations, turn-by-turn

(TBT) acquisition through a RHIC acceleration ramp, and Figure 1: Architecture of the BPM million-turn upgrade
ac-dipole nonlinear dynamics studies.

UPGRADE CHANGES

Hardware

The RHIC BPM system[1, 2, 3] consists of 160 23-cm The existing RHIC BPM digital electronics has a PCI
cryogenically-stable striplines per plane per ring: 72 dualmezzanine carrier (PMC) slot available, which made the
plane BPMs are distributed through the interaction regioshardware upgrade straightforward. The Motorola 56301
(IRs), and 176 single-plane BPMs are located at each al@SP has a built-in PCI interface, allowing a glueless in-
Omax- Signals are cabled through 6 dB reflection attenuaerface to the PMC memory card. A commercially avail-
tors and 20 MHz lowpass filters to analog/digital integrate@dble PMC memory Card from RAMIX (model 551) was
front ends (IFEs). Each IFE contains independent electropurchased and installed. This memory card provides
ics boards for two measurement planes, including active 2612 Mbytes of SDRAM, which is used to buffer the TBT
and 40 dB gain stages, 16-bit digitizers forfhresolution  data until readout. A special million-turn event was defined
over a+32 mm measurement range, and Motorola 5630bn the global event link to provide a start trigger for data ac-
fixed-point digital signal processors (DSPs) for data reduayuisition; once data acquisition is started, the DSP ignores
tion and acquisition control. Arc IFEs are in the tunnel,nterrupts until the full acquisition is complete and data is
2 m above the cryostat, or in tunnel alcoves for radiatiomead out.
protection; IR IFEs are located in equipment buildings. The RAMIX 551 PMC memory card consumes 600 mA

During data acquisition, each IFE calculates the trigget 3.3 V. The existing voltage regulator on the BPM elec-
and digitizer status, digitized raw signals, and beam posironics is an On Semiconductor CS5203A-3GT3LDO. The
tion once per turn for a single RHIC bunch. Upon receipt opower dissipated from this regulator increased by (5.0V-
a beam-synchronous trigger, all RHIC BPMs can digitize3.3V)x600mA = 1 W, requiring an additional heat sink.
up to 1024 consecutive turns and stream them to the local Four BPM planes with IFEs located in the 2 o’clock in-
DSP buffer. This data is then passed along an IEEE 13%®trumentation building were modified in late April 2003,
connection to VME memory and the RHIC control systemduring RHIC polarized proton run. In the RHIC sitewide
This upgrade extends the on-board memory space of seemenclature, they are bo2-bh8 and bh10 (horizontal) and
lected RHIC BPMs to provide much longer buffers for pur-bo2-bv7 and bv9 (vertical). Typical phase advances be-
poses of beam studies, energy-ramp beam instability studyyeen these BPMs in all RHIC optics are 70 to 80 degrees,
and analysis of well-established slow coherent oscillationgroviding orthogonality for phase space reconstruction.
of RHIC beams. With average orbit data available only
as fast as 1/2 Hz and 1024-turn TBT acquisition coveringoftware
only 13 ms, this upgrade provides TBT data capability that

easily spans the BPM system’s former frequency-domain 1€ DSP software was modified to add a new special
blind spot of 1-100 Hz. million-turn mode of operation, preserving the full base

functionality (average orbit and 1024-turn TBT acquisi-
*Work performed under Contract Number DE-AC02-98CH1088é|0n) (?f the upgraded BPMs. Each TBT da.‘t.a paintincludes
with the auspicies of the US Department of Energy; author emaiBW d|g|t|2e.r'V3|UQSv calculated beam position, an.d a status
satogata@bnl.gov word, requiring 4 words of storage per turn. This allows
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D phele Proled Winows Heb lﬁl tinue to optimize this readout, including the use of a sep-
e Tors GPWT Syt Core i postonsune heot Bt | @rate VME memory card to eliminate the DSP to controls
Data acquired on: Tuesday, April 22, 2003 05:41:16 PM gﬂ'":‘” 41 [§30496[§29590 ! handshake.
Plane SiteWideName = bo2-bh10 JﬂSSZ a1 430489429595/ g
Crate IP Address = acnfec323.pbn.bnl.gov 4386 41 230496 29592
ga:tzrﬁuﬁ‘aggr?age Address = $10000000 2390 W1 230489429576
Gain Setting = X10 fowo_fi1__[fsoarsfzonte EXPERIENCE AND APPLICATIONS
RTDL Time = 1051047672 4387 1 #30483429579|
ngoluhmlCnum:Z??ﬂEU _ 4381 W1 430486 429594 . . . .
et ot 2614 | 43071 |i3vanz|:29570 The first application of the RHIC million-turn system
2384 41 30484 4 29585 . . . . .
‘ i35 W1 |-30403)s29569 was immediately apparent with the first good data acqui-
¥ J‘ e sition. 256 kturns of data were acquired at storage energy
Wl lrW, oot JT  Jovasiitzoses to show clear signs of 10.66 Hz and 7.16 Hz beam oscil-
' P W' 4385 W1 |sa0asa|izasez lations, as shown in Figs. 2 and 3. These oscillations are
‘ U ] 4384 1 430487 429588 | il . ) A
(390 W ea0dsd =20 | the dominant source of coherent beam motion in low-beta
i i meesiemsl -l storage conditions. No coherent oscillation is seen in the
K Ui b B O]

vertical plane.

Figure 2: The Labview interface for a single RHIC million- 1S mechanical frequency has also been observed in
turn plane, showing a supposed 256 kturns of acquisitioﬁ‘?”zomal vibrations of RI—_HCtrlpIet magnets[4], though at
and clear coherent beam motion in storage conditions. Aghtly different frequencies of 7.75 Hz to 11 Hz as mea-

handshaking bug results in report of the same 64 kturrréd in the low-beta triplets at the 6 and 8 o'clock loca-
four times. BPM TBT RMS noise with good signal condi-tions. With phase space reconstruction, the location of the
tions andx 10 active gain is 5-1@m. source can be narrowed within the ring, and further tests

will be performed in the cryogenic and main control rooms

60 to investigate effects of changing recirculator conditions on
- this oscillation.
= 50 ¢ ] Acquisition of a single plane at injection as seen in Fig. 4
Sa0 b ] showed much different coherent beam motion, with clear
S oscillations seen near 30 Hz and 60 Hz. The root cause of
}: 30 - ] this signal is presumed to be main dipole ripple in the arcs
2 20 & ] at low energy, though it is under investigation.
& The limited 1024-turn buffer size of the RHIC BPM sys-
L 10 F ] tem hampered their use during RHIC ac dipole optics and

] nonlinear dynamics studies[5], since the ac dipole exci-

O L L L . ) A . A
0.0000 0.0001 0.0002 0.0003 0.0004 0.0005 tation ramp time is several hundred milliseconds to adia-
FFT Frequency (77.8 kHz Sample rate)

100 : ‘
Figure 3: FFT of coherent oscillations from data of Fig. 2, § 80
showing clear peak at 10.66 Hz and 7.16 Hz. The RHIC 2 80| ]
revolution frequency is 78.8 kHz. 401 ]
w 20 L
0 L
0.0002 0.0004 0.0006 0.0008 0.001 0.0012
recording of up to 128 million consecutive turns of RHIC FFT Frequency [77.8 kHz Sample rate]
beam, or over 28 minutes of beam phase space evolution ~16600 R
the RHIC revolution rate of 78 kHz. —  _16700 ﬂ p
After the readout has completed, the data is sent oveg [ i ‘ AL i
a 1394 serial bus link to a Sederta VME-1394 bridge’s ~16800 ! | : ‘ I M
With the existing infrastructure, the Sederta card has onI:% -16900 u J (M " | | % J
1 Mbyte of memory assigned for each plane. To maintait$ _17000 N
hardware and software compatibility, a handshake protoct 17100 | P ‘
was developed to transfer the information from the BPV 0 10000 20000 30000 40000 50000 60000
electronics and controls front-end computer to a unix plat Turn Number
form running Labview in 512 kbyte chunks using a simple acro

network communications protocol called SNAP. At present

there are handshaking prob|ems |eading to repeated rEi.gUre 4: The Labview interface fOfaSingle RHIC million-

trieval of the same 512 kbyte buffer, so meaningful datdurn plane, showing a supposed 256 kturns of acquisition

acquisition is limited to 64 kturns. (See Fig. 2.) and clear coherent beam motion in storage conditions. A
The handshake protocol makes the data transfer tinfndshaking bug results in report of the same 64 kturns

very long, and it can take a few hours to read out the fulfour times. BPM TBT RMS noise with good signal condi-

128 million turns for asingle plane. Upgrades will con- tions andx 10 active gain is 5-1@m.
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batically excite coherent oscillations and avoid emittance
blowup. The million-turn BPMs will enable acquisition of
TBT data and full phase space reconstruction during a full
cycle of ac dipole ramp-up, flattop, and ramp-down. This
permits fine-tuning and of the ac dipole excitation, as well
as explorations of phase space smear and other topics in
nonlinear beam dynamics|6].

When the full system is commissioned, a provocative
planned use is the acquisition of an entire RHIC acceler-
ation and squeeze ramp. These ramps typically take 5-10
minutes, easily within the acquisition time of the million-
turn BPM system. With tunemeter kicks occurring every
two seconds, acquisition of all million-turn BPM planes
will provide full beam centroid phase space on the accel-
eration ramp. This system will also permit detailed study
of intensity-dependent transverse instabilities, particularly
through transition energy, as observed and corrected during
the 2003 RHIC deuteron-gold run[7, 8].
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