
Emittance measurements in RHIC.

• Beam intensity profile measurements with the RHIC  p-C  
CNI polarimeters.

• Cross-calibration with the other techniques.
• Bunch-by-bunch emittance measurements.
• Emittance measurements at injection energy.
• Emittance growth on the energy ramp.
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Emittance measurements in RHIC.

AGS  - IPM, CNI polarimeter scans, ATR-flags.

RHIC  - Ionization Profile Monitors
pC CNI polarimeter scans
Shottke-cavity
H-jet luminescence monitor
Vernier scans
Back estimation from luminosity



Emittance measurements in RHIC.



Emittances degradation during the store.

20pi



APEX proposal
• Experiment Goals:
• Accurate, absolute emittance measurements in RHIC, cross-calibration 

with the other techniques. 
• Emittance growth on the ramp.
• Bunch-by-bunch emittance measurements.

• Benefits: RHIC luminosity increase.

Experiments  description:

• Cross-calibration with IPMs, Vernier scans, Shottke-cavity, H-jet 
luminescence monitor.

• Measurements with different targets, both planes, both rings. 
• Measurements at injection and store. Bunch-by-bunch measurements.
• Emittance growth on the ramp ( take multiple measurements during the 

energy ramp time).



The RHIC p-Carbon CNI polarimeter.
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P-Carbon CNI polarimeter.

Target speed 

200 steps/sec  → 25 mm/sec

linear speed.

~ 100 mm
RHIC
beam

180 mm

10 mm-SSD

Scattering angle ~0.5 deg
~1.6 mm

Carbon recoil nuclei
~50-70ns delay
Event rate ~106/s



Horiz. Emittances at injection after the ATR tune was 
corrected consistent with numbers measured in AGS.

BLUE Yellow



Measurements at Store, Feb. 7



• Very thin target , practically non-destructive.
• Very high rate.
• Very good signal/noise ratio. Delayed Carbon-ion 

detection.
• Single bunch measurements.

• Remaining problems :
• Carbon strips are not straight. Target lifetime.

P-CNI polarimeter can be an ideal wire-scanner.

P-CNI polarimeter as a wire scanner.



AGS Vertical emittance CNI scan (horizontal target).

Intensity=1.6·1011.
γβ=25.3

β*=21.7m

Ev=6π(1.44)2·25.3/21.7=14.5 π.



Emittance measurement in AGS, single pulse at flattop.

Sigma 0.96 mm~15 pi
Horiz emittance

Ev=6π(0.96)2·25.3/10.0=14.0 π.

σh=096 mm



AGS Emittances at Extraction (2006 setup).
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1.5·1011

Vert. IPM
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Effective emittances calculated
back from luminosity.

20 pi



Yellow vertical emittance measurement by 
luminescence monitor in  the H-jet polarimeter.

Yellow vert IPM-26.9pi.



Yellow horizontal bunch-by bunch emiitances.
Fill 9992.106.
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Fill 9992.109, 6 hr later.
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Emittance mode measurement, Run06





Measurements with p-Carbon CNI polarimeter

• Polarization measurements:
• Polarization, polarization profile measurements in the scanning mode.
• Polarization losses during acceleration and store.
• Polarization decay during store.

• Emittance measurements:
• Beam intensity profile (emttance) including bunch-by-bunch.
• Emittance measurements cross-calibrations.
• Emittance measurents on the ramp.

• Problems:
• Targets lifetime.
• Measurements in both plane take too much time for target activation.
• Carbon targets quickly degraded (loosed) after the beam exposure.



The ongoing CAD polarimeter upgrade 
project will address these problems for the 

2009 polarized run. 

The plan is two build and install the second polarimeter in
each RHIC ring. These two polarimeters will be installed in new
vacuum chambers with more powerful vacuum system to
improve RHIC vacuum conditions. Two identical Carbon target
motion mechanisms and detectors assembly will be installed in
each chamber (both ring).

One polarimeter can be used for the vertical polarization
and intensity profile measurements and the second can be used
for the horizontal profile measurements. It will minimize number
of target motions, speed up the measurements (increase
efficiency of the stored beam use for about 5-10%) and reduce
the risk of the target damages.



The RHIC p-Carbon CNI polarimeter upgrade for the 
beam polarization and intensity profile measurements



December 4



Operation modes.

• Polarization measurement scan (main mode).
Polarization, polarization profiles, beam intensity profile (including 
bunch-by bunch).

• Emittance measurements and calibration in fast scan mode, with 
dedicated targets (which will be used initially only for emittance 
measurements to reduce beam exposure and target degradation).

• There will be more targets in polarimeter after 
upgrade.



Target Drives 
upgrades

A new target drive design to improve
positioning accuracy (low backlash)
Improve reliability, reduce vibrations.



Target drives installation
December 4



Beam request.

• Cross-calibration with IPMs, Vernier scans, 
Shottke-cavity, H-jet luminescence monitor.

• Meaurements with different targets, both 
planes, both rings. 

• Measurements at injection and store.
• Emittance growth on the ramp.

• Beam request  - 2 hrs.



Backup slides.



BEAM EMITTANCE MEASUREMENTS IN  RHIC 
A.Zelenski,  A. Bazilevskiy, G. Bunce, R.Gill, H.Huang,  Y. Makdisi, B. Morozov, T.Russo, D.Steski,  M. Sivertz, K.Yip, Collider 

Accelerator Department, Brookhaven National Laboratory,  

Upton, New York 11973, USA 

 
    Abstract. The proton polarization measurements in AGS and RHIC are based on proton-carbon and proton-
proton elastic scattering in the Coulomb Nuclear Interference (CNI) region. Polarimeter operation in the scanning
mode gives polarization profiles and beam intensity profile (beam emittance) measurements. This polarimeter is
an ideal wire-scanner due to: extremely good signal/noise ratio and very high counting rate, which allows accurate
bunch by bunch emittance measurements during 100 ms time of the beam crossing.  The use of a very thin carbon
target makes these measurements practically non-destructive. The consistence of these measurements with the
Ionization Profile Monitor, H-jet Luminescence Monitor, Vernier scan, luminosity measurements will be
discussed. Bunch by bunch emittance measurements is very powerful tool for the machine set-up and for the 
proton beams can be measured only by CNI polarimeter scans. The complete set of polarization and beam
intensity profile measurements (in both vertical and horizontal planes) are limited at present by the long target
switching time and possible target destruction during this complicated motion. The systematic measurements of
the beam emittance in both vertical and horizontal planes will be possible after polarimeter upgrade for the 2009 
polarized run. Two new vacuum polarimeter vacuum chambers will be installed in the RHIC rings. Two identical
target motion mechanisms and detectors assembly will be installed in each chamber (each ring). One polarimeter 
can be used for the vertical polarization and intensity profile measurements and the second can be used for the
horizontal profile measurements. It will minimize number of target motions, speed up the measurements and 
reduce the risk of the target damages.   The emittance measurements at injection during the energy ramp and at
store will be used to study emittance evolution in RHIC. The absolute accuracy limitations and cross-calibration of 
different techniques will be also discussed. 



Abstract. The proton polarization measurements in AGS and RHIC are based on proton-carbon and
proton-proton elastic scattering in the Coulomb Nuclear Interference (CNI) region. Polarimeter
operation in the scanning mode gives polarization profiles and beam intensity profile (beam
emittance) measurements. This polarimeter is an ideal wire-scanner due to: extremely good
signal/noise ratio and very high counting rate, which allows accurate bunch by bunch emittance
measurements during 100 ms time of the beam crossing. The use of a very thin carbon target
makes these measurements practically non-destructive. The consistence of these measurements
with the Ionization Profile Monitor, H-jet Luminescence Monitor, Vernier scan, luminosity
measurements will be discussed. Bunch by bunch emittance measurements is very powerful tool for
the machine set-up and for the proton beams can be measured only by CNI polarimeter scans. The
complete set of polarization and beam intensity profile measurements (in both vertical and horizontal
planes) are limited at present by the long target switching time and possible target destruction during
this complicated motion. The systematic measurements of the beam emittance in both vertical and
horizontal planes will be possible after polarimeter upgrade for the 2009 polarized run. Two new
vacuum polarimeter vacuum chambers will be installed in the RHIC rings. Two identical target
motion mechanisms and detectors assembly will be installed in each chamber (each ring). One
polarimeter can be used for the vertical polarization and intensity profile measurements and the
second can be used for the horizontal profile measurements. It will minimize number of target
motions, speed up the measurements and reduce the risk of the target damages. The emittance
measurements at injection during the energy ramp and at store will be used to study emittance
evolution in RHIC. The absolute accuracy limitations and cross-calibration of different techniques will
be also discussed.

Beam emittance measurements in RHIC
A.Zelenski, A. Bazilevskiy, G. Bunce, R.Gill, H.Huang,  Y. Makdisi, B. Morozov, S.Nemesure, T.Russo, D.Steski,  M. Sivertz, 
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Vacuum system upgrade.

• Polarimeter will be pumped by two pumps (ion pump and NEG 
cartridge) isolated by vacuum valves.

• Diam. 8.0” (ID) nipples will provide sufficient conductance to utilize 
full pump capacity.

• Isolation valves will allow proper pump conditioning and faster turn 
around time after the venting.

• In future we plan to setup some moderate chamber baking  after 
testing of polarimeter components (targets, detectors, Am-sources) 
tolerances to temperature.



Yellow polarimeter baking, Dec.4



Target drives installation, Dec.4



Event Selection

Carbon
α

400<E<900keV

Very clean Carbon 
event extraction!

3σ



Horiz. Emittances at injection after the ATR tune was 
corrected consistent with numbers measured in AGS.

BLUE Yellow
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