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Preface to the Series

The RIKEN BNL Research Center (RBRC) was established in April 1997 at
Brookhaven National Laboratory. It is funded by the "Rikagaku Kenkyusho"
(RIKEN, The Institute of Physical and Chemical Research) of Japan. The Center is
dedicated to the study of strong interactions, including spin physics, lattice QCD,
and RHIC physics through the nurturing of a new generation of young physicists.

During the first year, the Center had only a Theory Group. In the second
year, an Experimental Group was also established at the Center. At present, there
are seven Fellows and eight Research Associates in these two groups. During the
third year, we started a new Tenure Track Strong Interaction Theory RHIC Physics
Fellow Program, with six positions in the first academic year, 1999-2000. This
program has increased to include ten theorists and one experimentalist in the
current academic year, 2001-2002. Beginning this year there is a new RIKEN Spin
Program at RBRC with four Researchers and three Research Associates.

In addition, the Center has an active workshop program on strong interaction
physics with each workshop focused on a specific physics problem. Each
workshop speaker is encouraged to select a few of the most important
transparencies from his or her presentation, accompanied by a page of explanation.
This material is collected at the end of the workshop by the organizer to form
proceedings, which can therefore be available within a short time. To date there are
thirty-six proceeding volumes available.

The construction of a 0.6 teraflops parallel processor, dedicated to lattice

QCD, begun at the Center on February 19, 1998, was completed on August 28,
1998.

T.D. Lee
August 2, 2001

*Work performed under the auspices of U.S.D.O.E. Contract No. DE-AC02-98CH10886.



CONTENTS

Preface 10 the SerieS. . oot et et eraeas

Meeting Summary

L. C.Bland & N. SATIO.........uue ittt iiraeaieeeeanaanns

Summary of RSC Meeting VI — Part 1 / Goals of Part 2

A Y 71 (s SO

Machine Issues for RHIC Spin (Run 3 & Beyond)

Improving the Determination of RHIC Beam Polarization

B 7Y 7 U

The Polarized Proton Jet for RHIC

VA Y 17 77 A

Polarized Jet: Design Issues and Optimization

Simulation Studies for Recoil Detectors

E. Stephenson........ccccooveiiiiiiiiiiiiiiiiiii i

Additicnal Simulation Studies

N2 12747/ S

ep-Polarimeter for RHIC — Revisited

Y L R 1T S

Discussion — RHIC Spin Meeting

G BUFICE ..o
List of Registered Participants..........c..oooeiiiiiiiiiiiiiiiiiiiiiinnnn..
AGenda. . ..o,

Additional RIKEN BNL Research Center Proceeding Volumes

Contact Information

23

27

37

43

61

71

89

97

100



Meeting Summary

L.C. Bland and Naochito Saito

March 26, 2002

The second part of the sixth RHIC Spin Collaboration (RSC) meeting was held on November 15,
2001 at Brookhaven National Laboratory. Previous meetings have elaborated on the new generation
of proton spin-structure studies (e.g. gluon polarization and flavor separation of g and g polarizations
via real W+ production) enabled by studying polarized proton collisions at energies and momentum
transfers where perturbative QCD models are expected to be applicable. The focus of this meeting
was on many of the experimental issues that must be resolved to achieve these physics goals. This
summary is written with the benefit of hindsight following the completion of the first-ever run of a
polarized proton collider. This first run can be considered as a successfully completed milestone of
the RHIC Spin Collaboration. Other milestones remain important. '

Long term machine items were identified in Waldo Mackay’s talk, the most important being the
completion of the spin rotator magnets that will be installed in 2002 to allow the flexible orientation
of the proton beam polarization at the PHENIX and STAR experiments. At the meeting Waldo
discussed a stronger partial snake magnet for the AGS as a means of producing highly polarized proton
beams to inject into RHIC. Developments subsequent to this meeting suggest that a superconducting
helical dipole magnet may be feasible for the AGS, and is likely to be needed to achieve the 70%
beam polarization in RHIC. Longer term items were also presented, including potential increases in
luminosity by the addition of electron cooling to RHIC and the possibility of increasing the collision
energy by ~20% by replacement of the DX magnets. These items could be considered for a second
generation of RHIC spin experiments.

The other topics covered at the meeting were related to polarimetry and to the absolute calibration
of the proton beam polarization in RHIC. These topics were divided into short- and long-term
solutions to polarimetry issues. George Igo led a discussion about the addition of a Coulomb-Nuclear
Interference (CNI) polarimeter to the AGS prior to FY2003 RHIC operations. The experience from
the first RHIC spin run reinforces the need for reducing the time needed to complete polarization
measurements in the AGS, and illustrated the importance of polarization measurements at different
energies in the RHIC injectors. Progress continues to be made on the completion of a CNI polarimeter
for the AGS prior to the FY2003 run.

Doug Fields discussed the possibility of improving the calibration of the RHIC CNI polarimeter
at the RHIC injection energy by studying the elastic scattering of polarized proton beams extracted
from the AGS from an existing polarized proton target. The effective analyzing power of the RHIC
CNI polarimeter at high energies can be determined by measuring the beam polarization at the
RHIC injection energy before and after an acceleration/deceleration cycle. In the short term, once
deceleration ramps are commissioned, and polarization loss through up- and down-ramps is mini-
mized, knowledge of the absolute proton beam polarization at flat top in RHIC will be limited by
the uncertainties in the analyzing power for pp elastic scattering. Until the completion of a polarized
gas jet target to study pp elastic scattering from beams accelerated and stored in RHIC, polarization
measurements at RHIC injection energies before and after an acceleration/decelertion cycle remain



the sole means of measuring the beam polarization magnitude. There is a window of opportunity to
employ a polarized target made by the group at the University of Virginia for such measurements.

It is generally agreed that the long-term solution to an absolute measurement of the proton beam
polarization after acceleration in RHIC requires the measurement of the analyzing power for pp elastic
scattering from a polarized gas jet target. These measurements will calibrate the effective analyzing
power of the CNI polarimeters. Tom Wise gave a detailed status report about adapting a polarized
atomic beam source and Breit-Rabi polarimeter design, presently in use in the HERMES experiment
at DESY, for use at RHIC. Substantial design work on the polarized target has been completed, but
detailed engineering is still required. To enable the completion of this target for commissioning in
the FY2004 run, it is critical that the design phase of the polarized gas jet gets completed soon, so
that construction work can begin. The calibration measurement itself was described in talks by Ed
Stephenson and Alessandro Bravar. The experience of the UA6 collaboration in cleanly detecting pp
elastic scattering events at small |¢| by observing only the low-energy recoil proton suggests that recoil
detectors alone, without forward proton tagging detectors, should be sufficient for the polarization
calibration measurement. One significant complication is the effect of the target magnetic field on
the low energy recoil protons. A moderate magnetic field is required to eliminate depolarization
. associated with the fields produced by the circulating beams. More complete simulations of the
recoil proton detection, accounting for the target magnetic field and a realistic density profile of the
gas jet are needed to assess whether the systematic errors can be controlled at the needed level.

These are exciting times for the RHIC spin collaboration. Substantial work remains to be done
to obtain precise measurements of the proton beam polarization.
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MACHINE ISSUES FOR RHIC SPIN

Waldo MacKay
15 November, 2001

for
RHIC Spin Collaboration Meeting VI (Part 2)
RIKEN BNL Research Center



chine Issues

RHIC pC Polarimeters

L. =2x10"s"cm™
70% Polarization

e PHENIX (3 Js =50...500 GeV

N o .
Spin Rotators Siberian Snakes

2 x 1011 Pol. Protons / Bunch

Partial Siberian Snake }
%, €=207 mm mrad

BOOSTER

Pol. Proton Source
500 pA, 300 us

=" ¥~ A(3S Internal Polarimeter
¥ Rf Dipoles

Waldo MacKay
15 November, 2001




This run:

-~ Trans. pol. protons colliding at ~100 GeV per beam (P > 50%).
" Long. pol. protons colliding at ~100 GeV per beam (P > 50%).
-~ Commission acceleration of pol. protons to 250 GeV per beam.

Next Run:
- - Long. Pol. at STAR and PHENIX with 250 GeV per beam.

Waldo MacKay
15 November, 2001




f & Nov: 1 shift shutdown to install AGS polarimeter.

9 —26 Nov: Au in RHIC; pol protons in AGS.

M 26 —29 Nov: Shutdown to change RHIC to pol. protons.
Run pol. protons in AGS.

¢ 30 Nov.— 21 Dec.: Commission pol. protons in RHIC.

0 22 Dec.—~25 Jan.: Physics with pol. protons.

Waldo MacKay
15 November, 2001
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-~ Power supplies connected to all four snakes.

o Not yet tested to full field.

o Not yet tested with beam.
¢ Polarized beam in AGS (Gy = 7.5 as of yesterday).
W B* = 3 m injection test scheduled for this afternoon.

o Vertical flattening to surveyed positions yet to be done.
-~ Spin flipper installed.
e System previously tested outside ring.
o Requires ring access when we first power it.

Waldo MacKay
15 November, 2001
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W 4 rotators completed and awaiting installation in RHIC.
W 5th rotator cold mass being assembled.

W 6th rotator all four helices cold tested.

-~ 7th rotator: 4th helix being cold tested.

W 8th rotator:

e 3 of 4 helices stacked and in various stages of wiring the ends
o last helix remains to be stacked and wired.

 All helices to be finished by Dec., 2001.

W Last rotator to be finished by April., 2002.

¢ All 8 rotators to be installed in RHIC by Oct., 2002.

e New AGS Partial snake: Helical
o requires more study: warm or supercond
o no definite plan yet.

e Polarized Jet Target: see following talks

Waldo MacKay
15 November, 2001




Sl

W AGS commissioning plan:

http://www.rhichome.bnl.gov/People/huang /pp02/FY02plan.htm
W Previous talks:

http:// www.rhichome.bnl. gov/RHIC/Spin/spinfigs /figslist.html
http://www.rhichome.bnl.gov/RHIC/Spin/spinfigs/wwm-rscloct01.pdf
W Polarization angles at IR’s and polarimeters for different energies:

http://www.rhichome.bnl.gov/RHIC /Spin/spinfigs/100GeV-1snake.html
W Other ideas for upgrades:

http:/ /www.rhichome.bnl.gov/RHIC /luminosity /

Waldo MacKay
15 November, 2001




e Luminosity increase RHIC II: electron cooling
e cool protons at injection (double luminosity over RDM-+)
o spin cooling with polarized electrons?

e eRHIC: polarized electrons and proton collisions

=
o)

e Energy increase: (20-30%)

Waldo MacKay
15 November, 2001

L SRS



L

Scheme RDM RDM-+ RHIC 11

Emittance (95%), € (7t ] 20 20 12*
IP beta function, G5* ~ [m] 2.0 1.0 1.0
Number of bunches, M 60 120 120
Bunch population, N [1011] 1.0 2.0 2.0
Beam-beam parameter per IR, ¢ 0037 .0073"  .012¢
Angular beam size, o’* |urad] 79 112 86
RMS beam size, o* [pem)] 158 112 86
Peak Luminosity, Lg [10%tem™2s71] 1.5 24 40

* For RHIC II assumes electron cooling at injection to reduce emittance.
I For RDM+ assumes only collisions at 3 IR’s.
} For RHIC II assumes only collisions at 2 IR’s.

Waldo MacKay
15 November, 2001
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Increasing Energy

We have considered the possibility of increasing the energy of beams in
RHIC by as much as 30% with a modest trade-off in luminosity. The arc dipoles
and quadrupoles were designed with considerable margin. For higher energies (>
100 GeV /nucleon) the minimum B* may be required to increase as the interaction
~ region triplets saturate. The separator magnets (DX) have the least margin for

~increased field, so we consider three scenarios: allowing for a small crossing angle
~. with the present DX magnets, upgrading the DX magnets to higher strength,
“and permitting a crossing angle of ~1° by removing the DX magnets altogether.

Waldo MacKay
15 November, 2001




Trajectories of Both Beams Through IR

The dashed lines indicate trajectories without DX magnets.
The crossing angle without DX’s is « = (.18 mrad. |

Waldo MacKay
15 November, 2001
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25 — 30% increase in energy looks possible.

0° crossing angle requires new D0 & DX magnets.

—» Higher energies require all new dipoles.

2.5 mrad crossing angle perhaps possible with existing magnets.

q’ D0 magnet runs at low field (B~1.6 T).

Snakes work in all scenarios.
Spin rotators should work.

RS For 18 mrad crossing angle: reverse power supplies.

Waldo MacKay
15 November, 2001
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A CNI Polarimeter for the AGS
. G. Igo, UCLA

1) Need for fast, high statistics measurements of the AGS beam polarization
a) at RHIC injection energy

b) while ramping

2) Luminosity & Rate Estimate

3) Some Questions about the CNI Detector Characteristics

4) Objective: CNI polarimeter for the AGS for next year’s run

23



Meeting: CNI Polarimetry for the AGS - 28 June 2001

Attendees: Les Bland, Gerry Bunce, George Igo, Kazu Kurita, Yousef Makdisi,
Tom Roser, Naohito Saito, Dave Underwood

Count rate estimate:

1=10"(protonsinbunch) x 1/2.6us(AGS frequency)
=4x10"p/s

T=(wx20,)(nc*)xplxN,/12
where w is the width of the carbon foil, o, is the half-width of the beam,
pl, the areal density of the carbon foil.

For a 0.02 micrometer thick target,

T=(5x10"2cm x 2x .08 cm) /(7 x (.08cm)?) x 4x107%g/cm? x (6x10%)/12

T =8x 10" carbon atoms ! cm?®

L=IxT=32x103cm?s"

Rate =
L j do/dt At Apl2x

Where do/dt=0.7barns! GeV?,t=4.5x10"3GeV?
At=3x10" GeV?, Ap/27 =10cm/ 27t x10cm = 0.14

Rate = 3.2 x10* cm?s™ x 0.7 x10™ cm’/GeV? x 3 x10” GeV” x 0.14
=0.9 x 10° events/s g

On the basis of a 10° events/s count rate, Tom Roser thought it
possible to use the CNI to accumulate polarization data during ramping dividing
the count rate into order of tens of milliseconds bins.

Accumulating 10° events in 1 second would give Aasvm.= 10”. The asymmetry
is PAy=0.5x0.02=0.01,and AP/P=10".

Because of the length of the AGS bunch, it may be néjces'sary to move the
detectors further away, possibly to 15 cm, thus reducing the rate or alternately to
increase the sizes of the silicon arrays to keep the event rate high. ,
The magnitude of the proton-carbon elastic cross section at the t-value where the
measurements are made needs to be researched.

Another meeting will be scheduled shortly.

24



3. CNI Detector Characteristics

TOF start from beam bunch arrival time. -

Si recoil detectors only in left-right orientation for
transverse polarization measurements. Do we want
‘0 measure radial polarization component?

J.5 mm wide, 500 u g carbon target- Bill Lozowski

4) Summary and Objective ‘
C)ome to ?agreemem about CNI detector design
features

Left-right detectors only?

TOF start?

0.5 mm wide C target ,
Objective: CNI detector for AGS for next year’s run.

25
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IMPROVING THE DETERMINATION OF RHIC
BEAM POLARIZATION

Douglas E. Fields
UNM/RBRC
15 November, 2001

for
RHIC Spin Collaboration Meeting VI (Part 2)
RIKEN BNL Research Center
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Determination of RHIC Beam
Polarization

Summary: At the last RSC meeting, | concluded that the beam polarization uncertainty
at full RHIC energy was about 20%, much of which came from the uncertainty in the
analyzing power used to calibrate the beam polarization used in E950. This could be
improved in a new experiment where a p+C CNI polarimeter was set up in conjunction with
a polarized solid target in an AGS fixed target line. With the CNI polarimeter set up in a
fixed target line, you could get approximately 1M events in 30 shifts. During the discussion
it seemed perhaps a better idea to leave the CNI polarimeter in the AGS ring, with a foil or
wide ribbon target, so that statistics would not be a problem, although one would have to
rely on the spin tracking to make sure that the polarization in the AGS and the polarization
at the solid target experiment were understood. There were questions about the ability of
the solid target experiment to determine the beam polarization to better than 5%. Several
issues were brought up including whether or not the spin direction could be flipped with the
holding magnetic field unchanged. This can, in fact be done. Also, the field can be flipped
to check systematic uncertainties. Also, | misspoke during the presentation referring to 3He
recirculation rather than “He. For the 5T field, cheaper “He is sufficiently cold to maintain
the polarization, and depending upon the length of the run needed, could just be vented or
captured.

November 15, 2001 Douglas E. Fields 1
RSC Meeting Vi b UNM/RBRC
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Determination of RHIC Beam

Polarization

,\mp

Get physics analyzing power from E950 asymmetry measurement,
needs beam polarization from E925.

— E925 determines beam polarization with total uncertainty ~15%.

— The systematic uncertainty (12%) is dominated by the determination of
the analyzing power calculated from other measurements.

E950 has statistical uncertainties ~10% in low —t region.

— The value of the aSymmetry at low —t is very stable with even gross
changes in the analyzing procedure, and therefore has systematic
uncertainty ~5%.

Needs extrapolation from E950 energy to RHIC injection energy.

Statistical uncertainties expected to be ~1% during upcoming run.

— Uncertainty in the theoretical energy dependence of asymmetry ~5%
(from fits to E950 data using range of real part of |1, extrapolated to
injection energy).

November 15, 2001 Douglas E. Fields 2
RSC Meeting VI b UNM/RBRC
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Calibrating the RHIC Polarimeter at
Injection Energy

* New calibration experiment at injection energy.

— “RHIC polarimeter” in an AGS fixed target line.
— Followed by a solid polarized target experiment to determine the
beam polarization to <5%.
* Proposed gains:
— Measurement at injection energy — no extrapolation uncertainty.

— Better statistics and systematics and lower threshold (not in the
AGS ring, longer run)

— Much improved beam polarization measurement using the
polarized target.

 — Better determination of the hadronic spin-flip term helps to
understand energy dependence of asymmetry.

November 15, 2001 Douglas E. Fields
RSC Meeting Vi b UNM/RBRC
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Calibrating the RHIC Polarimeter at
Injection Energy

» Polarized Target: iy o
— Solid target. T |HH aruneg|
— 5T field. el ——
— Longitudinal polarization i
can be modified to give
sideways (and possibly i
transverse). I
— Can be ready by summer
2002 at BNL (given st ||

appropriate services).

November 15, 2001 Douglas E. Fields
RSC Meeting V1 b UNM/RBRC
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Calibrating the RHIC Polarimeter at
Injection Energy

* Previous experiment (Crabb et al., '76):

— Measured pp elastic from 0.1 < [t| £ 0.9.

* 0.8 — 2.5 degrees lab angle.
* Recoil energy 55 — 480MeV.

— Coincident detection of recoil and scattered protons.
— Luminosity monitors.
— Fairly simple TOF setup.

 Could re-use E925 detectors?

— Forward counters
— Recoil detectors

November 15, 2001 Douglas E. Fields
RSC Meeting VI b UNM/RBRC
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Calibrating the RHIC Polarimeter at
Injection Energy

* Problems:
— Sideways polarization (?).
— Opening in coils for recoil proton detection.
AND/OR
— Small angle scattered proton detection.
— “He recirculation.
— Beam scanning of target or defocusing.
— Need good CNI statistics — next slide.

November 15, 2001 Douglas E. Fields 6
RSC Meeting VI b UNM/RBRC
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Calibrating the RHIC Polarimeter at
Injection Energy

« CNI statistics:

— Could use carbon foil instead of ribbon (5ug/cm?).
» Cover entire beam spot.
« Beam focused on target.

— Assume beam of 1x10"protons/bunch.

« Gives Luminosity of 1x10%8cm-2sec™.
« 5x102 lower than E950.

— Increased detector acceptance x3.
* 14 events/sec (28 per bunch).

— Increased running time x10 (30 shifts).
1.3 million events (50% duty factor).

— E950 had 20 million events.

November 15, 2001 Douglas E. Fields
RSC Meeting Vi b UNM/RBRC




Calibrating the RHIC Polarimeter at
Injection Energy

* CNI systematics:
— Bunched beam.

» Gives much better TOF.
* -t calculation improves.

— External beam line.
~ « Reduced noise.
« Can go to much lower —t (higher asymmetry).

— Improved energy calibration.
* Have learned much since E950.

— Beam polarization determined using same sample of
beam.

153

November 15, 2001 Douglas E. Fields | 8
RSC Meeting Vi b UNM/RBRC
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* |Injection Energy:

— From this proposal. (~5%)

* Full energy:

— From Acceleration/Deceleration. (Statistics
dominated, ~1.4%)

* From Theory:

* Overall double spin asymmetry scale
uncertainty from beam polarization

November 15, 2001
RSC Meeting Vi b

\m‘)‘m"ed

Uncertaint

Douglas E. Fields
UNM/RBRC

Estimate of Beam Polarization

<15%
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The Polarized Proton Jet for RHIC

Yousef 1. Makdlisi
RSC meeting Il November 15, 2001

The view from the RSC
The view from BNL
The view from DOE

Where are we?

The MOU
The CDR

The Timetable
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The view from the RSC

e The jet is an integral part of the polarized proton effort

e [t is designed to provide the absolute beam polarization calibration to the
~ desired 5% level.

e It is designed to make a measurement within a 1 store time interval

« It will be utilized to calibrate the fast p-Carbon CNI polarimeters at any
energy.
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The view from BNL
e The goal of a 5% measurement was set by T. Kirk
e The concept was introduced into the FWP to DOE in FY 2000

e A detailed entry with cost estimates was added to the FWP in FY 2001 and
the projected FY 2002 with $750k in each

e We had an internal discussion with T. Kirk in June 2001 to discuss the
minimal needs in FY 2002 which were set to $500k

e This assumed that the sextupoles will be ordered in FY 2001
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The view from DOE
e DOE accepted that Wisconsin redirect its efforts in support of the Jet.

e DOE’s B. Tippins supported the concept and a draft of the MOU was

provided during a meeting in Germantown attended by G. Bunce, M.
Mutragh, and T. Kirk.

e J. Simon-Gillo approved a request to redirect FY 2001 equipment funds from

the BNL medium energy group to procure the sextupoles. This was intended
to jump start the process.

e On the other hand, there were no funds earmarked for the Jet in the DOE
supplemental allocation to BNL late summer.

e With the FY 2002 budget, it is not clear that we have funds earmarked either.
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The MOU

e A draft was written and circulated to the principal institutions

e While the feedback was g:enerally positive, we had two potential stumbling blocks:

TUCF has significant expertise. Support for personnel is an issue that has yet to be resolved.

There was no response from NIKHEF. Recently I re-connected with Jo van de Brand and sent
him the MOU and request for equipment that were part of the discussion.

The CDR
e Work began on a draft of the CDR by G. Bunce

e E. Stephenson (IUCF) as promised carried out a detector simulation and forwarded the results to
be included in the CDR.

e E. Stephenson provided his data and code to A. Bravar (BNL) who will be carrying this to
completion. He will become the resident expert.

® We need to add a section on the ABS and Breit Rabbi polarimeter
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Timetables

Complete the CDR by the end of this year
Develop a project cost estimate and resources
Subject the process to an internal design review

Start parallel efforts at the various institutions in particular at BNL

BNL.:
Assign an overall project engineer (G. Mahler)

Design the holding field magnet and its cancellation
Engage the controls group

Engage the vacuum group

Engage the source group

Start work on a staging area and design of the conventional construction and facilities support.



__ POLARIZED JET
DESIGN ISSUES AND OPTIMIZATION

WISCONSIN: T. Wise, P. Quin, W. Haeberli

MIT: H. Kolster






TARGET REGION CONSTRAINTS

BEAM

HARMONIC
NUMBERk 2

HARMONICS

ABOVE 3
k=100 HAVE

BUNCHFIELD RESONANCES

400-

350+

300+

200

150+

1-4

2-4
2-3

100+

. sgj

NO POWER | )<1-2

]

[
0 2 4 6

_ =BiBe B in units of 50.7 mT

3-4
5 / © need Btarget > 1kG
é h with A B/B=6.3X10/-3
Tos / 215
e y=BBC 12

a2 DOLETIP GAP FOR CIRGULATING BEAM
« MINIMIZE MAGNETIC FIELD FOR LOW ENERGY RECOIL PROTONS
« VERTICAL ABS MUST ACCOMODATE 69" (1765mm) TO FLOOR
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6-(’690-

MAGNET DESIGN

* Two 'codes used
* Both had errors
» Now they agree (two weeks ago)

One version picks random geometries and
fills a 10 parameter space.

The other starts somewhere and performs
a gradient search.

We'added some factors to the output:
@BEAM ATTENUATION -- gas scattering. (wisconsin 1962)

2

L Fr@e é?m«g

@ S0k

—So 1?/ ﬂuluw?/“

1.5

0.5

NN | R

00 1.0 TZO 30 40 50 6.0

Ho throughput (mbar £ s1)
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@DEGREE OF DISSOCIATION o= #H/(#H + 2%#Ho)

Wisconsin 1992 and N. Koch thesis HERMES--1 999

(uQJ)'=a(Q)=kaa7'

- _a—

i
QO hydrogen “; R’y

(©)START-VELOCITY DISTRIBUTION

50 100 150 200 250 300

T, /K

5 “Assume Q, T.
dependence is
separable

hderogen

@
. * MWSD
a0 @RED.
1 2 3 a4 5
Q,./ mbarl/s

B. LORENTZ DIPLOMARBEIT, HEIDELBERG 1993

based on rheasurements with rf dissociated atomic beam

f(v) = 4nv2(———m———)

N lw

k 27'CkT beam )

( o |
exp {—(—m—)(v—v ) ¢
J

drift

L 2kT .. ) -

Jcift, depends on Tnozzle and Q (mbar liter/s)
Tob depends onTnQzzle and Q (mbar liter/s
—heam dep grzie and O )

el

A)/Zﬁ% ‘{ 7/6204.4

/U:/rhcf a / 700 /\7&2&:/{

N

r—

[ boar. A 20K

/U;(h".-ﬁf 47



(@ WE HAVE JET, NOT STORAGE CELL:
We give increased weighting to lower velocity

atoms to account for their longer time in beam |
path. "

21 _/v,

(9 RHIC BEAM IS LINE CHARGE: improve
statistics of ray trace code by summing 1/r.

g_&_ﬁ_’f‘ fraction of calculated
FdX.[a h trajectories at radius r
| } that are seen by RHIC =
- ; hir.
RHIC density prop. to
| 1/h.
COMBINING ALL OF ABOVE

we optimize the function:

1(Q,T)= Qx Q) AT)* {1~ A(QT)}* DL

N N VI
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WHAT IS THE JET POLARIZATION?

| gecupal fom
concept: [ s bers o
( § Gansibaons A fﬂ/?af
Y ——
OL — . /——'” | ,(//
/
0 . [«<=3 ey My Gy

/ \ W (1-61)

chiiney Cr6)zone U-buJ=or

1 |- |
) ~— STt 4
Elhapy obra (=3 ff O~f§smj@&
2-¢ s SR _ :
— ( 5—_‘?&5%‘%3
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Septer 1 -az G W ~«9?@?{\_
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&y = e ~0.9C> 2
rq e X
@9_({: N(“Q 6,‘2~9/(/?_ —0 fQ(/“‘-CJ.y)/UL
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TARGET REGION CONSTRAINTS

BUNCHFIELD RESONANCES
400 , | 0 ‘ f.-q
- ~ .
e._z thq A
BEAM -4 % [ 250~cs
HARMONIC %1z
NUMBERK 20{** /ﬁ e CX ,//
200 . [ Q o
/ N
HARMONICS 150 lL ~ G U
ABOVE __p — —— e [
k=100 HAVE N MBI
NO POWER

150

0

1
2 4 6

=BiBc

B in units of 50.7 mT

3-4

1004

need Btarget > 1kG

HARMONIC #

with A B/B=6.3X10/-3

50+

/‘3' IV N -{csﬁw

/2.15 ::) ‘f;)!\'&iﬁ
Um\%m A, 3'& Y
R

e ~32mm POLETIP GAP FOR CIRCULATING BEAM ‘
* MINIMIZE MAGNETIC FIELD FOR LOW ENERGY RECOIL PROTONS
« VERTICAL ABS MUST ACCOMODATE 69" (1765mm) TO FLOOR



WHAT IS THE JET POLARIZATION?

concept:

| f { Lrans G s
o) — M —
o/ | L [ M

ol - [«<=3 20y (W&

| | > 7
au‘tfdg (:"f”‘(c | (b)) R
(i, /’ | W (-4l RS
‘&'[{f‘(:l‘onc/ =(1- 5—3) 2097 ({- o) = 07 staed

; /
| . (=3 05 off Q + S SToth 4
EXhpl Aot = O~ - S0 X

2-4 3 (i—/_’} ~( : ?&Sf%B

5{:4{2 __‘Z_ ﬁo/a/‘;‘}m?ffa‘» " Cp/ - / 2

Sente 2 Lap @5 = 2P X< 2

StaXed " K3 =—

oo | " ‘4—' .: 6) E ._iﬁ-—- :!. X2

Stete 4 ‘E, e o9c «
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C@/S = 6.”/1/{ — & /UL ‘{2—‘4{3)”5 Fo A~ v?

/{/r‘flf/if =
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NEED TO KNOW Ni1/N2, €13 AND g2.4.
(not easily done) |

Our solution: |

1) Add two additional rf transitions and separation
magnets.

2) Completely remove rejected states (3,4) at
each stage by use of on-axis beam blockers.

3) Run multiple combinations of Rf transitions to
generate 10 intensity measurements and solve for
five unknowns.

N1/N 2, €1-3, €24, €13, €'2.4, 61/ o2

ZERNAN

ABS state1/state2

transitions transitions transmission ratio
for BRP
present BRP solution
L - =
DE& ] ] I
target detector

Al Lorg,
Sawe S ﬁ ,465? %{Wﬁ\\\\
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USEFUL WAY TO LOOK AT THE PROBLEM ( 483 )
bv

BEAM INTENSITY AS RF1-3 IS 4
Ree S e
_ TURNEDON. T As Seen by Q1S (folrin
No’bf"lul |
£ n. +
R, = 13Ny "N,
Ao =>4 A No
+e
R, =Ni~ 24Ny
24 ~
Ny
AFTER SOME ALGEBRA WE anNtiCHANGE’lN
POLARIZATION: '

AQ=Q1-3 -IQ2-41:

AQ=2(1+a-—R1_3—aR2_4)

Ni/N 2 does not effect AQ

- - - - - ~

I <Q> does depend on ,
; N1/N 2 L,

- - ~ -’ hd -~ -



| /‘/e / p 7£&j 4/\/0‘;‘6;56{;@' L e
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RANGRETS
A (/ -—-XJS)

hiter Some Algebra

- - - L J

'
)

e /0’5’6/0”‘ - Exqe € /s: X/“ ‘fwe}{

- - -

- - - -

—X [6‘ EL‘I Fér}l
- 2

Zlfmﬂ/ 5/ ,'jhar;n;/ )(mé; Fo A;,
7(51 X= 03 ( /’,Z:’; [.06)

‘—ZIS ~ g =008 WL 4/07 = 0.00/§

- | |
/)//7//(//?5 % o tine  STors \

Bf/D oso  has awﬁa/% SEAte (, SEFE ©

£ yonSimi §Sion.

/
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~ Design conclusions:

"1) al'tho‘ugh not critical we aim for
"Ni/N2=1

2) BRP must transmit close to
o1/ o2 = 1 to avoid errors in target polarization

measurement.

Ray tracing results

B(g£)20m19 Kss 0,007
1 _

NTE (5L )0 = Kogp. —0006

,’/,4,/0"} 0@,0},,(«} aCtoclon not
. A CCoun’ls/ 'S"’L Y?t' =
Rajoctin { Stwls 3¢ bhelb U, o> _1
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TARGET REGION MAGNET.

uniformity issue already solved

Zero-Crossing Problem
-700
O &c..;-eoo S
R AN
-400
] \\
B Euz«m
:“: -100 \\
o = AN .
—4——>0 4 -+ —
100 \
200
1000 T T i T ~.O y'?mo.oo 0.25 0.50 0.75 1.00 125 1.50 175 2.00 225 2.50 275 3.00
-10 -5 0 5 10 M : Distance from center of bore (inches)
kG
B@x=y=
g Z,mm .
@x=0,y=t5m D JStaney -7C?OM C@mls@i-s? :
m

we added ceramic magnet pellets to make
transverse field.--only partially sucessful.

Computer modeling required.
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Simulation Studies for Recoil Detectors
E.J. Stephenson
Indiana University Cyclotron Facility, Bloomington, IN 47408

The purpose of the calibration experiment is to transfer the known polarization of
a jet target to the analyzing power of the CNI polarimeters by first obtaining the beam
polarization from the observation of p+p elastic scattering from the RHIC beam passing
through the polarized jet. Elastic scattering is a preferred process since it offers the same
analyzing power for both beam and target. The p-+p CNI region offers large cross
sections and analyzing powers that are reliably on the scale of a at least a few percent
over a range of energies.

If p+p recoils are observed on both sides of the beam and it is possible to flip the
spins of either the target or the beam, then there are § available experimental quantities.
If normalized to a luminosity monitor (an issue that must deal with spin correlations),
certain combinations (see slide 2) of these 8 rates yield quantities proportional to just the
beam or target polarization. The ratio of these two is the first step in the calibration.
Other combinations yield information independently on “reversal failures™ in which
either the target or beam polarization does not complete reverse, or there are asymmetries
between the left and right detector efficiencies.

The count rate estimates on slide 3 suggests that we can obtain the 1.3M events
needed for a 5% calibration in roughly one day of continuous running.

The atomic beam target, which will be about 1.2 cm across, will sit in a holding
field that must be at least 1 kG to avoid depolarizing resonances from RF in the beam.

The recoil detectors are likely to be silicon strip. From these we will get energy,
position, and time. Detected energies, including consideration of the silicon detector
dead layer, will range from 0.5 to 5.2 MeV for 0.0015<—2<0.010 (GeV/c)*. These will be
closely related to —z. For detectors about 30 cm from the target (see slide 5), values of the
time-of-flight values ranges between 8 and 29 ns. This is well away from the 55-ns time
for the beam to go to the intersection region and return to a point 8.2 m away (the
separation between pulses from the two beams passing through the jet target).

The holding field generates left/right asymmetries in the position of tracks on the
face of the detectors, as shown in slide 6. For either polarity of the holding field,
detectors 6.4 cm across will capture all the relevant protons for a measurement with the
limits above on —#. The calibration requires clean identification of the elastic recoil
protons. To be safe, other processes should be less than a percent of the signal; some
UAG6 data shown on slide 7 suggests that it may be as high as 2-3%. Additional detectors
for the forward proton could help by providing an additional coincidence and coplanarity
information. It is not known how close such “Roman Pot” detectors can be placed to the
beam, but problems here might mean operating at larger values of —¢ where both the cross
sections and the analyzing powers are smaller.
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RHIC Polarization Calibration Experiment
General Comments

Calibration reference standard:
atomic beam polarized proton target
measure p with Breit-Rabi polarimeter (known to <3%)

Process: p+p elastic scattering in the CNI region

~0.08
calculated A is above 0.033 Ay 4o F{W \
for 0.0015 < - < 0.01 (GeV/c)? 5.02 \f

0.01 0.02 . 0,03 0.04 0.bs -t

N.H. Buttimore et al., PRD 59, 114010
Features:
*same analyzing power A for beam or target in same geometry
(any reaction would have to match two acceptances)
*CNI has A that is present independent of energy
*CNI has large cross sections
rapid measurements
large signal/noise ratio (other processes)
*hopefully simple, inexpensive experimental setup

Issues:
*low analyzing power makes systematic errors important

Goal:
calibration of blue/yellow ring p+C CNI polarimeters to <5%
reference standard for p+C CNI systemaitic studies
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Simple geometry (for recoils)

target polarization = g

recoil proton detectors

beam
polarization = p

Example: measure on both sides and flip either spin = 8 rates
Consider vertical spin only.

b~

+1 +1 +1 +1 +1 +1 +1 +1]
+1 -1 -1 +1 +1 -1 -1 +1
+1 -1 +1 -1 -1 +1 -1 +1| L,

Calibration plA

gA
DA\ +1 +1 -1 -1 -1 -1 +1 +1
G

H

J

K

is a measure
of this ratio

N~ X

8o

N~ X

+1 +1 +1 +1 -1 -1 -1 -1
+1 -1 -1 +1 -1 +1 +1 -1
+1 -1 +1 -1 +1 -1 +1 -1
+1 +1 -1 -1 +1 +1 -1 -1

t~ =

~

G =H =J =K =0 unless there is a “reversal failure.” Such
failures are absent in their leading order from the first 4 terms.

incomplete incomplete left/right imbalance
beam target L& L(1+¢)
flip flip
R« R(1-9¢)
p.=0+p g4, =€+q
p_:a—p q_:g—q J=¢
. K=9¢pA
J =04 J=¢4 G=¢qA4
G=0q A,y K=¢pA,, H = gpg Ayy



Count Rate Estimates

Proton beam: 10" /bunch, 55 bunches

Target: 3 # 101" /cm?
luminosity = 1.3 # 102° /cm?/s

Cross section: 29 pb into one detector
for 0.0015 < -t < 0.01 (GeVi/c)?
[calculated using p = —0.09, b = 11 (GeV/c)?

Rate = 15 /s (for 4 detectors, all bunches)

What is needed?
Analyzing power: 0.035

Beam polarization (target will be larger): 0.5
Asymmetry: 0.018

A 5% error requires 6e = 0.00088

Statistical precision requires more than 1.3  10° events

Run time = 24 hours (average over all bunches)

Effect on beam lifetime negligable from nuclear reactions.
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HARMONIC #

Target Properties:

Atomic beam will be about 1.2 cm across. This spreads the origin
point for events as seen by the recoil detectors.

It will be important to avoid resonant depolarization from RF in the
beam. There is significant power at harmonics up through 100.

Use a holding field to retain polarization.

__—— Plot shows resonances (dots) to be
avoided as a function of harmonic
number and holding field strength.

[@r@blems

below Magnetic field has to be high enough
150
_..here so that the space between resonances
1007 4 ' will allow for field non-uniformities.
501
0 e B~1.1kG

T T N
0 2 4 6
X=B/B¢

There will be a holding field | |

magnet something like: m———

NOTE: There needs to be a
way to test (RF cavity?) to know

whether field is off resonance. I——I'I
This create left/right differences g g
in the recoil proton trajectories! =

So plan to reverse field to cancel
systematic errors.

\4

12 cm

Detectors likely to be silicon strip (cooled).
Pitch along beam path can be 2-3 mm.

Grid will be needed between target and detector
to shield and contain beam RF.

Detector/target chamber must be differentially
pumped. Proton energies are too low for a
separator foil.
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What information is available from recoil measurement?

(1) energy

3~
LS
g0
Within 0.0015 < -t < 0.01 2<
(GeV/c)?, energy seen in 3
silicon detector ranges 2%
from 0.5 to 5.2 MeV. S <
(2) position

5

4

3

-t (GeV/c)?

2-3 mm resolution along beam direction is adequate.

(3) time of flight (relative to RF?)
Correlation of TOF with energy (0.5 — 5.2 MeV range):

T 717 T 71

30 -

10

0 1 l ! I L I
0 1 2 3

Silicon energy (MeV)
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Tracking proton trajectories to each detector:

Toy simulation

Use information on IUCF double-sided silicon strip detectors
from thesis of Todd Peterson. Detectors are 6.4 £ 6.4 cm?.

Include silicon detector dead layer

Include 55-keV noise, 1.6-ns time jitter

Sharp-edged B-field

Randomize source spot

Place detectors at 30-cm distance

detector
size

With detectors 6.4 cm
wide at 30 cm, CNI
recoil protons hit for

===4=

That turning point
comes near CNI

region is coincidental.

both field directions. B | | | |
momentum ° ! 81 12 Lo
transfer > R
range i~ “1

With target 8.2 m T '

from BRAHMS |.P., ‘

blue and yellow E

beams are separated ‘;’ 0

by 55 ns, almost -

exactly half of pulse § a

separation period. N

For TOF to fall in the
middle, detectors must
be closer than 50 cm.

12 16

-t (GeV/c)?
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Background: at what level does it matter?

Assume background is a fraction 8 of the signal.

Then we measure

A, = A- (A A)

p+p elastic / background
analyzing power analyzing power

Assume [E14@= = 0.035 near CNI peak.
Systematic errors should be < 5%, or < 0.0018.

If 4is: then § is:
1 (safe) <0.002
0.3 < 0.006
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Can pp2pp Roman pots help?

require coincidence with forward proton

segmentation of Roman pot silicon and vertical direction
on proton recoils makes possible a coplanarity cut

* minimum separation of forward detectors from beam
may change CNI acceptance range

0.06¢

Ay 0.04} £1]

. o.02f

o.}.01 0.02 - o..os o..04 ols -t
100 point on beam size comes
roughly here for 250 (GeV/c)?

Limits imposed by non-Gaussian halo not known, may be
strong function of location, time into store, other targets...

Moving out in momentum transfer reduces o.

Background simulations needed to determine whether
coincidences and cuts can meet 6 goal.
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Alessandro Bravar

RHIC Spin Coll. Meeting VIb
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»Elastic pp kinematics
»Backgrounds
“+Recoil detector
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Elastic pp do /dt & Ay

300 -

200 UA6@CERN
< -1 3C0 B : ]
S o E E704@FNAL A
;\-3 Stacks 3@ § 6— E
s 1 3 oF E

1 s L
) L [ ' i ] ar r
(o] [3Xe!} 0.02 003 0.04 Q05 Q.06 g 3 :_ .~
1t {Gevrc)? <&

2 :
0.001 < |t| < 0.02 GeV?2 L
' ' : °rtrange 'Jﬂgg
<0> = 3 mbarn o

O . 03 © lC’.[( Gev/e f] ;

Nov. 15,2001 - RSC VIb Alessandro Bravar BBﬂﬂl(HEsﬂEﬂ
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€L

O AKCH 185 GeV/c
W AKCH 200 GeV/c
0 SNYD™00 GeV/c
A FIDEBO 150 CeV/c
¥ FIDE78 150 GeV/c
¥ FIDE 200 GeV/e

st . S , & CORE 176-205 GeV/c ]
0.01 0.02 0.03 0.04 0.05 t . W SNYD 300 Gev/e Akchurln et al_
L A GAID 45 Gev/c
- NP SN | A P
152 16° ,
-t (GeV/c)?

% If no pronounced maximum in CNI £region,
any fregion as good as CNI region

< With recoil detector & roman pots can cover broad trange

AAAAA

Nov. 15, 2001 RSC VIb Alessandro Bravar Bnﬂﬂlﬂl&ﬂﬂ
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Comparison of different t regions

Figure of Merit =< AN>2< G >

CNI Small [l Medium |tl Large ltl Elastic ep
It range | 103 -2 102 | 2102-0.1 0.1- 0.4 0.7-14
(GeV2)
) <0> 3 10-%7 31027 21027 3 10-30

(cm?)
<An> 0.03 0.02-0.03 | 0.02-0.03 0.1
f.o.m. | 2.71030 1.8 10-30 0.8 10-30 210-33

3 Nov. 15,2001 - RSC VIb Alessandro Bravar mmmnm EN




SL

Procedur

?:» Measure Ay W|th unpolarized beam and polarized target

~ AAN < 107 -3
APtarg / Ptarg < 0.02

unpolarized target

target
— ANN for free

Measure Phegm using Ay with polarized beam and

Continous monitoring with polarized beam and polarized

| background < 1%

- NB Self-Calibration wOrks with elastic scattering only

Nov. 15,2001 - RSC VIb Alessandro Bravar Bﬂﬂﬂl{ﬁﬁﬂﬂ‘l
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BEAM TARGET

2 1011 p / bunch
120 bunches 3 1011 atoms / cm?2
78 kHz

=2 1011 x 120 x 78 103 x 3 1011 = 5,6 1029 cm-2s-1
= 4.7 1027 cm-2s-1 / bunc
= £<06> acc (Ae=30"/21) = 140 evt s-1
~ 1evtsl/bunch
f in 3 hours can collect 1.5 x 106 events

{ Nov. 15,2001 -RSC VIb Alessandro Bravar BRQ(IKH&HEH
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ssentially 1 free parameter: t (+ () =

elastic pp kinematics fully constrained

m \/|t |
sin¢}, =| 1+—2£ | t=-2m.T,.
| R pbeam 2mp P kln

measure position and energy of recoil =>

BRODKHEWEN

=5 NATEONAL LABORATORY

dro B
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roman pots:

recoil detectors:
energy —» ¢

position — Uy
time

Jet Target + recoil detector

Stations RP Stations
50.{ m 100. I’Il

s
=)
S
=
1
Kn
e
=
o

Nov. 15,2001 - RSC VIb Alessandro Bravar BRO

position — Vg
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Recoil energy kinf

VS position

25 50 B 06

| Vpos:. (mm)

Effect of target holding field
Bdl ~ 0.005 -0.01 Tm

" Nov. 15,2001 - RSC VIb

Alessandro Bravai

25 50 75

(%m)msokﬁ}'g&
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08

2000, [

25 o 25 50 75 108

- pos. (mm)
acClioft # ACCHpt

aCCTright 7 aCC¢right

Nov. 15,2001 - RSC VIb

right

under Piarg reversal |

Alessandro Brava:

5000

4000

3060

T T T l.}l‘-f T T  NEHE I S

1
M

F=50 25

100

1500

1000

200




Asym mm‘ry Extractio

) ALRLER AL o
NT =0,-L -acc ( targ c0o5 ¢)
. T 1 T
AN= ' '
(COS¢> <Ptarg> \/NTN\L_l_ NTN‘L
A rood

13

Luminosities LT‘Land acceptances accjy- cancels in
. the geometric mean provided that

jacclien=accher  and - accTiign: = acchignt

— Introduce compensating field for target holding field ?

Nov. 15,2001 - RSC VIb Alessandro Bravar BRBnlﬂlﬂﬂEﬂ
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[4:]

< 1%

b) beam proton dissociation
< 1% below elastic peak

Nov. 15,2001 - RSC VIb

a) beam gas interactions

0.010

*

G\\\\//C 2.

1t (

Alessandro Bravar

Position (mm)

BROOKHEVEN

NATIONAL LABORATORY




Barkgmunrl 1?7 We have to live with it |

% Mainly two sources of background:

» Beam gas interactions: at 107° torr, ~ 107 atoms [/ cm
= Proton dissociation pp — Xp dissociation

w

“ Acceptable level of background:

BG
N
AMmes _ 4 —(A ABG)R R=
N N AN TN S . BG
NS &N
AAN<10—3 - |AN ABG| ‘R<10~3

For ANBG ~10%, R ~ 1% acceptable

% Otherwise Background Subtraction
For R~5% (%) — AR~ 5% (2%) OK for ANBO ~30%

For R ~2% — AR~ 10% OK for ANBY ~ 30%
| Nov.15,2001 -RSC VIb Alessandro B BROOKHEUEN

2 NATIONAL LABORATORY




oclation

pp — Xp Diss

el el
L +sin zﬁ‘R > sin ﬂR

uppresion of pp — Xp depends
n how well one can reconstruct My

AM; = 2p,[[{Ad,
f AM; << (mp+mﬂ)2—m;

resolution on ﬁR depends on
distance from target and target long. ext.
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OK

I NB at threshold coplanarity doesn’t help !

| Nov.15,2001 -RSC VIb

%iKmematlcally quite different from elastic process
3000 ¢
2000 -

tono. =

Alessandro Bravar

il

BROOKHEUEN

o NATEONAL LABORATORY
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AG [ dMP,

X = proton
o threshold
e | st @FNAL -
"33 :’ 1£1= 0,0/ (Gevic)?
3%- ' | o 0 Pou= 900 Gevie
Gk { F _5aGeWc o E 5E
F 1t1-ameev1c;2 £ .
Fi- - € F
47“ < 3:
n: 2]
Fia : ; e s
! [HE (el @FNAL'_ _ 1Tz 3 ¢ 5 6 7 Micem
Y R Y 't'e;?? Gevz
O (elastic) ~ 100 x © (pp — Xp) at threshold !
Nov. 15,2001 - RSC VIb Alessandro Bravar annmmm!m
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elastic ,_
(my,+m ) [threshold
N(1440)

Bedv i1
0 /

AUg= targ. ext. / dist.
~ 5 mrad

= 2mp Tkin
A Tkin <0.1 MeV

q L b A SRR R 1

ﬁR (mrad)

BROOKHEATEN

~ NATIONAL LABORATORY
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Acfzzs" = 80 (k) x 250 (v) rww’
tp 5 Sideltddes of §0X50 sum'
&

| e 39t had, LM}M\U»L; ~ 10 pne =0 S(F='OM

T hilher, : 40 Ma\/ P =~ 1 pamn (?_wl(t UAMJ.«.]

Wit Calead i o G delectnng

Nov. 15,2001 -RSCVIb Alessandro Bravar

cossne ] \IATI OKEKL LABORATORY

SRRl



88

Conclusions

% Comfortable statistics (106 events in ~ 3 hours)

= AAy < 1073 ... feasible, but Aptarg / Ptarg ~ 2%

% Background under control (not too bad )
O Roman pots not really necessary in CNI region
O Roman pots essential for larger ¢ (use pp2Zpp)

* Holding field = accleq # acchien (acchight # acChygnt )
O compensating field? | |

| % Recoil detector based on existing technology

\/

| < Don't forget: also very interesting physics !!!

| Nov. 15,2001 - RSC VIb Alessandro Bravar BROOKHEATEN
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ep-POLARIMETER FOR RHIC
REVISITED

F. Meissner, LBNL, November 2001
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ep-Polarimeter for RHIC

Revisited
F. Meissner, LBNL, NOV 2001

Use spin asymmetry in elastic electron {4 e >
proton scattering for an absolute " s
polarization measurement. Rk

Fixed target:
p-beam on electron at rest  Calculable
gas jet target / free electron target * Large cross sections

(Anti)-Collider and asymmetries

use electron cooler for polarimeter. * Many data

Glavanakov et.al NIM A318 (1996) 275 and Pis’ma Zh Eksp.Teor.Fiz. 65
No.2 (1997) 123; Nikolenko et.al (Spin96); Igo(Spin 96)
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wm_f}“?g 11,‘. e s RS amaaa) prere— g ——

Asymmetries

~* A, -expensive
¢ Ayn-small (<1%) in the

interesting kinematics

o ASLNO. ]. -0.4

Ay single spin I-r asymmetry °%

Transv. pol. proton on unpol. electron
Mott-Schwinger, very low QA2

| 200 250
PROTON KINETIC ENERGY (GeVj

(p 'on___f_ixed proton, Glavanakov et.al)
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Fixed Target

Electrons at rest from gas jet target
Particles bend out for detection
Background from pp ?!

Assume: 10711 atms/cm”2
Pe=1. Pb=0.5 ANN~0.01 ASL-~0.1

Free electron target ? — No background !

ls::tterlng Angle Lab l

6 Laboratary Frame
=

=3

TT g WIS o B BN B -
20 40 B0 80 100 120
0 p-Rest Frame

1
|
-]
=4

=

P Labogtory [Gg‘d’

dAg /Ay (10hrs) |~0.02

Pp (GeV) 100 250

X-section (mb) 1.3 0.2

20<0, ., <60

Hz 30 12

dA/Any (10hrs) | ~0.2 ~0.3
~0.03

-
T
-

a0 100 120
o p-Rest Frame
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Electron Cooler
Electron parallel to Au beam in solenoid
Ee~50MeV; Ie ~100mA
Not used as cooler for protons, tune kinematics with Ee
Can put polarimeter option into design
Measure Ay, A,

/ eSource
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Anti-Collider

+—— <«

Scattering Angle Lab iE

=
PR

8 Laboratory Framg

bt
"'.'! "

i

“:'i’f‘.f-,..‘ Ve 1
RO NS T S B e O

P PR PRV n s BT e PR PP M
20 44 GQ 80 100 120 140 160
& p-Rest Frame

(Glavanakov et.al)

* Electrons parallel to p-
beam

e Ee~2Meyv

* Large x-section and
asymmetries

e Low Q2

—>Small scattering angles
and momentum change
w.r.t. Incoming part.

—Difficult to detect
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Collider

*Acceptance: 2nx 0.1-10 deg

Assume:

*Luminosity: 2%¥10°31 cm™2s!
1% EIC, 10% pp Ie ~50mA (15mA)

*Polarizations: Py=0.5, P_=1

~ ASL measurable with 2% statistical

uncertainty within a 10hr fill

[Scatiering Angle Lab | -

Pp - Pe (GeV) 100-0.025
- Pe

P © 250-0.010

X-section (mb) 5<9p_ 0.004

rest <20 )

Hz 10

dA/Axy (10hrs) ~0.2

dAg; /A (10hrs) ~0.02
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Ep from Gas Target:
-Ay, Agy Only
- pp-background, kinematics tricky
+comes with the target

Free electron target 7 Measure Ay
Cooler

+if cooler is built see were we are in terms of pol. measurements
Ay, Ag good options

anti-collider: large analyzing power but unfavorable kinematics
collider: favoured setup, needs ‘cross over’ e-beam
Polarimeter option could be included in the cooler design.
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15 Nov. 01, G. Bunce

RHIC Spin Meeting---Discussion

We discussed each of the proposed polarimeters:

1. AGS proton-carbon CNI polarimeter. First concern---calibration over the AGS
energy range. We can calibrate at AGS injection energy at COSY. We can
use the present AGS polarimeter to do the calibration (with some difficulties,
since the pp polarimeter uses low intensity and debunched beam). The issue
is to get a calibration good to 10-15%. With that, the AGS CNI polarimeter
would be a very attractive diagnostic tool to improve and check AGS
polarization. It is particularly attractive to measure the polarization on the
ramp, since we would not then need to sit on a flattop to make
measurements, which can cause polarization loss from weak resonances.
This is a very attractive polarimeter. A question came up on whether we
would want to do a vertical scan for polarization (which would mean 45
degree detectors, rather than only left-right).

2. AGS experiment to improve knowledge of RHIC polarization. Measure the
analyzing power of pC CNI by measurement of pp elastic scattering from a
polarized target in an extracted AGS beamline. If the analyzing power can be
measured to 5% it would represent an independent measurement, to be
compared with results from the internal polarized jet target at RHIC. This was
first suggested as a means of getting a better polarization normalization for
RHIC, in advance of the installation of the jet target for 2004. If, however, this
can provide a very good measurement, it may be useful even if done after the
jet. There is a concern that the cost and effort would be a large diversion from
the jet. We have decided to look into it further.

3. RHIC polarized jet. This is the gold standard for RHIC polarization. One
issue which came up (from Anatoli Zelinski) was whether a holding field is
necessary. This will be studied. Several of us met after the RHIC spin
meeting to go over details for the jet. The goal is to have the jet in place for
the 2004 RHIC spin running.

4. An ep polarimeter using Ag(, with L for electrons was discussed by Falk
Meissner.
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Small Seminar Room, Physics Dept., Brookhaven National Laboratory

*****AGENDA*****

Opening Session

09:00 - 09:15 Summary of RSC Meeting VI — Part I / Goals of Part II... N. Saito

09:15 - 09:50 Machine Issues for RHIC Spin (Run 3 & Beyond)......... W. MacKay
(spin rotators/flipper, snake/rotator spares; AGS partial
snake)
09:50 — 10:00 DiSCUSSION. . ...evieiieerteieieieete et eerereneeeeneanenns All
10:00 - 10:20 Run 3 Polarization Calibration......................coooouene. G. Igo
10:20 - 10:40 Run 3 Polarization Calibration........................ceunene. D. Fields
10:40 - 11:00 DiSCUSSION. .. ueiutreiereinrenerertanenreaneanereeneenaraanans All

11:00— 13:00 Lunch (Seminar Room unavailable ~ Particle Physics Seminar)

Afternoon Session

13:00 - 13:15 Introduction to Polarization Calibration...................... Y. Makdisi
13:15 - 14:00 Final Polarization Calibration: Pol’d Gas Jet............... T. Wise

14:00 - 14:30 Simulation Studies for Recoil Detectors................ovuue. E. Stephenson
14:30 - 15:00 Break

15:00 - 15:30 Additional Simulation Studies..........c.coevvviiriivnennnnn.. S. Bravar
15:30-16:30 DiSCUSSION ..uvtivneeinneieeiei et eiee e einneeneennnnns G. Bunce
16:30 - 17:00 SUMMATY ...vuvintinteenintertetererteneeae e eaeaeeanenann L. Bland

(includes summary of action items from present meeting;
subsequent meeting plans; discussion at future meeting of
Juture directions of RSC)
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