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Introduction

This is a proposal to measure the analyzing power A,, in proton-proton elastic scattering at P2
of 1 to 12 (GeV/c)? using a 120 GeV unpolarized extracted proton beam from Fermilab’s Main
Injector starting in 2001. We would scatter the high intensity beam from a transversely polarized

proton target and measure the quantity,

_ A _ 1 [N(1) - N()
= = o [N g

where Ay, is the measured asymmetry, P is the target polarization, and N (1) and N(]) are the

normalized elastic event rates with the tar-

1 ¥ T
get’s spin direction up and down, respectively. i - 24 GeV CERN

=28 GeV AGS
3F 024 GeV AGS

Our main goal is to determine if the unex-

PZ proton-proton elastic scattering at the 2

pectedly large A,, value, discovered in large- I . %

AGS, persists to higher energy and larger P3. L {
At 24 GeV the one-spin analyzing power A, 1k
was found (12 to be 20.4% =+ 3.9% near p? Al %éj )
of 7 (GeV/c)?, as shown in Fig. 1. This " e éﬁﬁfr “ ?

large and unexpected spin effect has been ‘? h

difficult to reconcile with conventional mod- - ! 1
els of strong interactions such as perturba- 3+ -
tive Quantum Chromodynamics (QCD). Per- A |
turbative QCD’s validity is predicted to im-

-2+ -
prove with increasing energy and increasing l
" I 5 i L J |
P2 . This proposed experiment would increase 2 4 6 8
P (Gevre)’
the maximum energy for high-P2 A, data 1 \GeVie

from 28 to 120 GeV; it would also increase Fig. 1. The analyzing power 4, is plotted
against P? for spin polarized proton-proton

the maximum P2 from 7 to 12 (GeV/c)2. elastic scattering at 24(13 and 28 GeV[?l.

The proposed experiment would use the Michigan 1-watt-cooling-power solid polarized proton
target containing radiation-doped frozen ammonia (NH3) beads. This target [4] successfully operated
with an average beam intensity of 10'! protons per sec at the AGS, allowing the precise large-P2
measurements(l of A, shown in Fig. 1.

This high-cooling-power polarized proton target, along with a high intensity extracted proton
beam from the Main Injector of about 3-10'! protons per 2.8 s cycle, would give a polarized proton
luminosity of about 2103 s~! cm~2. This would allow precise measurements of the analyzing

power A, in large-P2 proton-proton elastic scattering at 120 GeV out to a P2 of about 12 (GeV/c)2.




We propose to run in the Meson West extracted beam area, which seems well suited for this high-
PZ elastic scattering experiment. We would use a 40-m-long recoil-arm spectrometer, similar to the
NEPTUN-A spectrometer designed for UNKDB], consisting of magnets with considerable bending
power, medium-resolution scintillation hodoscopes, and high-resolution proportional and drift wire
chambers. The resulting high-precision measurements of the recoil momentum and angle together
with a simple forward arm containing only one hodoscope should allow a clear identification of
elastic events. Focusing quadrupoles in the recoil spectrometer would reduce the angular divergence
of the recoil protons and thus would significantly increase the angular acceptance and reduce the
background. Moreover, rastering the extracted beam would allow determination of the interaction
point’s transverse position to a precision of £1.25 mm.

This proposal contains a brief discussion of the theoretical background of spin effects in large-P%
elastic scattering; we next describe the Michigan polarized proton target, the beam requirements,
and the proposed recoil and forward spectrometers. We then calculate the expected event rates
and errors for the proposed SPIN@QFERMI experiment, and review ifs equipment status.

Note that the 120 GeV Main Injector could later be given polarized beam capability, as described
in the Fermilab-supported study Acceleration of Polarized Protons to 120 GeV and 1 TeV at
Fermilab, SPIN Collaboration UM HE 95-09 (24 July 1995), at a total cost of about 8 Million 1995
Dollars. Our SPIN@FERMI experiment could then measure the elastic spin-spin parameter 4,,,

with excellent precision, as mentioned in Table 5.

Theoretical Background

Since the single-spin asymmetry A4,, can be written as an interference between the spin flip and
non-flip amplitudes, the dispersion theory requirement that all amplitudes with the same energy
dependence have the same asymptotic phase implies that A, should vanish at large s. At large
P%, dynamical mechanisms involving individual constituents evade these constraints; thus, spin
experiments on large-P? hadron elastic scattering can provide important information about the
short range interactions of the hadron’s constituents and about the hadronic wavefunctions.

According to the perturbative Quantum Chromodynamic (QCD) approachl€], only the lowest
Fock states with valence quarks and zero orbital angular momentum contribute to the elastic
scattering. This approach leads to the power-law dimensional scaling quark-counting rulel”; its
predictions for form factors and two-body hadron scattering cross-sections are generally consistent
with unpolarized data at P2 above a few (GeV/c)2. However, this agreement with unpolarized data
does not in itself confirm the validity of the perturbative QCD approach(®l. The large spin effects
found experimentallyin p + p — p + p [®l demonstrate trends which challenge the perturbative QCD
approach,[®]



For the exclusive reaction a+b — c+d, perturbative QCD gives a simple and general helicity

conservation lawl®!
Aa + Ab = AC + Ad’ (2)

where J; is the helicity of the it" particle. This relation implies that the analyzing power A, in

elastic proton-proton scattering should vanish at large-P2:
|A,| < constant/P;. (3)

Violation of this relation would demonstrate the possible non-perturbative nature of hadronic dy-
namics and/or the presence of states with non-zero orbital angular momentum!!%, As shown in
Fig. 1, the proton-proton elastic analyzing power datal’»23] at 24 and 28 GeV clearly demonstrate
that A, is rising at the largest measured P2 of 7 (GeV/c)? and there is no evidence for a 1/P,
falloff.

Large transverse spin effects have now been consistently observed in both elastic and inelastic
high-P? experiments[!=311-14, In the framework of QCD, these spin effects are sensitive to non-
perturbative dynamics due to chiral symmetry breaking or confinement effects. Several models have
been proposed for the treatment of these large spin effects at high P2 [15-27), These models involve
non-perturbative mechanisms such as: strange and charmed particle production thresholds!!®l,
geometric mechanisms of quark scattering in an effective field!’®! and quark interactions due to
an infinite sequence of meson exchanges!?l. Some of these models were able to reproduce the
large values for the elastic spin-spin parameter A,, observed at the ZGS (11.12] near 12 GeV and
fcm = 90°, as well as the 18.5 GeV AGS data on A,,?8. Some other models give an explanation
for the large value of the analyzing power A,, discovered in high-P? elastic scattering!!l. However,
there is not yet a model that can simultaneously explain all the spin effects found in proton-proton
elastic scattering!~31112] and inelastic scattering®14,

Our proposed study of elastic scattering spin effects in the totally unexplored region near
P2 = 12 (GeV/c)? should provide another test of perturbative QCD. It should also yield in-
formation about the hadronic interactions and wave functions which cannot be obtained from
deep-inelastic scattering. It might also provide new insights into the mechanism of chiral symmetry
breaking and quark helicity flip. Some of the above models predict large values for A,, at higher
energies; for example, the quark U-matrix modell!®] predicts, for elastic proton-proton scattering at
120 GeV, an A, of about 12% at P2 = 12 (GeV /c)2.?°] Thus, it seems quite important to measure,
at P2 = 12 (GeV/c)? and 120 GeV, the p — p elastic A, and then later A, if polarized proton
capability is added to the new Main Injector.




Polarized Proton Target

We propose to use the University of Michigan’s 1-watt-cooling-power polarized proton target [4]
(PPT) which is shown in Fig. 2 and described in Table 1. The target material is radiation-
doped ammonia (NHj3), formed into beads of about 2 mm, with a net hydrogen density of about
0.10 g cm™3. The target’s length is about 3.6 cm, and its diameter is about 2 cm. The proton
polarization in the 5 T field is driven by a 140 GHz microwave system using the Dynamic Nuclear
Polarization method. The polarization is monitored by a 213 MHz NMR Q-meter system. This
target was successfully used at the AGS in 1990(1:3%); at its magnetic field of 5 T and temperature
of 1 K, it has an unexpectedly high proton polarization of up to 96%![4. Moreover, its 5 minute
polarization rise-time allows fast and frequent target polarization-direction reversals. The high

polarization and short polarization growth-time are clearly shown in Fig. 3.
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Figure 2. Diagram of the Michigan polarized proton target is shown on the left!4., The super-
conducting magnet produces a highly uniform 5 T field. At 1 K, the *He cryostat
provides about 1 watt of cooling power to the irradiated NH; beads in the small
target cavity, which is shown expanded on the right. The 140 GHz microwaves,
from a 20 watt Varian EIO, are fed into the target cavity via the horn.



This target had an average polarization of 85% during a 3-month-long AGS run{! with an
average beam intensity of about 2. 10" protons per 2.4 sec AGS cycle. This was an average beam
intensity of about 10! protons per sec; it corresponds to almost 3 - 1011 protons per 2.8 sec cycle
at the Main Injector. Our experience at the AGS [14] suggests that there should be no problem
caused by the slightly different cycle times of the AGS and the Main Injector.

The dilution factor decreases the true proton-proton elastic analyzing power due to the quasi-
elastic and inelastic events from the heavy nuclei in the NH; beads, the He? and the container.
The dilution factor was obtained at the AGS by measuring the event rate with hydrogen-free
Teflon (CF;) beads in place of ammonia beads and also from the off-diagonal matrix element
coincidences between the forward and recoil hodoscopes. The measured dilution factor varied from
about 1.06 at P2 = 3.2 (GeV/c)? to about 1.6 at P2 = 7 (GeV/c)? (130 The dilution factor was
rather close to one because the AGS double-arm elastic spectrometer strongly discriminated against
quasi-elastic events and events from nitrogen and other heavy nuclei; the proposed SPIN@FERMI

spectrometers should provide even better discrimination. However, the heavy nuclei would produce

many inclusive events indistinguishable from the polarized protons’ inclusive events [31], Therefore,
it would be very difficult to make inclusive measurements with this polarized target.
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Cryostat Temperature
Cooling Fluid

Cooling Power

Operating Magnetic Field
Field Uniformity in 4 cm diam. by 3 em high Region
JB-di

Power Supply Voltage
Superconducting Current
Microwave Frequency

NMR Frequency

Vertical Angular Aperture
Horizontal Angular Aperture
Target Size

Target Material

Max. Average Beam Intensity
Max. Polarization

Average Operated Polarization

1K

Het

0.93 watt
50T
10—
1.17T- m
3V

66 A

= 140 GHz
(213.0 £ 0.3) MHz

+6°
+34°

3.6 cm long by 2.0 em diameter
Irradiated N Hj; beads

101! gec~1!
96 %
85 %

Table 1. Michigan Solid PPT Specifications,

Rastering and Beam Stability Requirements

‘We propose to operate at the normal Main Injector energy of 120 GeV. Some proposed properties

of the extracted beam at our PPT are:

1. Intensity: 3 - 10!! protons per 2.8 sec pulse.
2. Beam spot size: 2.5 mm x 2.5 mm (HxV) FWHM.
3. Beam divergence: 0.05 mrad x 0.05 mrad (HxV) FWHM.

We wish to eliminate local overheating in our PPT, while still maintaining a small beam size to

give precise vertex position identification. Therefore, we propose small upstream bending magnets

to “raster” the beam across the area of our PPT during each 1 sec flat-top. This idea, which has

been used at SLAC,2] is similar to the way electrons are swept across a TV screen. Our present

plan is to have a 15 mm x 10 mm (HxV) effective beam size on our PPT by using 24 steps with a

2.5 mm x 2.5 mm instantaneous spot size as shown in Fig. 4.

Fig. 4. Possible Raster Pattern
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We propose to move the beam in this pattern using one set of horizontal and vertical dipole
bending magnets placed about 30 m upstream of our PPT (MH, and MYV,) and a second set (MH,
and MV;) placed about 15 m upstream of the PPT as shown in Fig. 5. The maximum horizontal
bending and vertical bending field integrals required would be JB-dl = £0.17 T-m and +0.10 T-m,
respectively. The first pair of rastering magnets would bend the beam by maximum horizontal
and vertical angles of +0.417 mrad and +0.250 mrad, respectively. The second magnet pair, with
exactly equal but opposite fB-dl, would realign the beam’s angle. With 24 raster positions in the
total flattop time of about 1 second, one might spend 40 msec in each position and about 1.7 msec
in each of the 23 moves.

The 120 GeV beamn’s intensity, position, and spot size must be very stable to provide reliable
data and to avoid quenching the PPT’s superconducting magnet. At the AGS,[1:23% the average
beam position was kept centered within + 0.1 mm despite the large variations in the D-line ex-
tracted beam’s angle due to small energy variations; we used a servo system involving an upstream
magnet with a fast response-time, controlled by the analog signal from the left-right asymmetry in
a Segmented Wire Jon Chamber (SWIC) near the PPT. Fig. 5 shows a similar system at Fermilab
which includes both position feedback and rastering. If the beam detected by the upstream hori-
zontal and vertical split plate SWICS, S,y and S;v, is off-center, then appropriate currents would
be applied to the rastering magnets to recenter and realign the “unrastered” beam onto the PPT.
This centering system could be set up and periodically checked with the rastering off. Since the
PPT magnet has an [B-dl = 1.17 T-m, another downstream magnet may be needed to realign the

beam for possible downstream users or a beam dump.

SWIC RASTERING MAGNETS SWIC SWICs
Sqn Sav
MH1 MV1 MH2 MV2 Im
FIELD-FREE REGION |
= = BE — = — — — O | e Y
EXTRACTED 33m i l 12m 2m
Ssy.S San .8
Sin .31y 30m 15m 2H C2v 3H D3V

Figure 5. Possible beam-line system for rastering and centering the 120 GeV

extracted beam at the PPT.




Recoil and Forward Spectrometers

Large-P? elastic events would be detected using a 40-m-long focusing recoil spectrometer, some-
what similar to that of our NEPTUN-A experiment, which may later study 400 GeV proton-proton
elastic scattering at UNK in Protvinol®l. The proposed SPIN@FERMI spectrometer is shown in
Fig. 6. Table 2 lists, for each P?, the angle and momentum for both the forward and recoil proton,
as well as the [B-dl of each recoil-spectrometer magnet. Note that we considerably extend the

spectrometer’s range by reversing the PPT magnet for the large-P2 points.
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Fig. 8. Proposed 40-meter-long recoil spectrometer and simple forward spectrometer.

The magnets and detectors are described in Tables 3, 4 and 8.

P? 6r Pr 8r Pr [ Bdly{, 6r JBdlan  [Bdiya [ Bdlasasss
(GeV/c)®> degrees GeV/c degrees GeV/e kG-m degrees  kG-m kG-m kG-m
1 0.480° 118.5 61.65° 1.136 5.91 52.72° 29.3 -14.9 3.97
2 0.681° 118.9 52.53° 1.782 5.94 46.81° 34.4 -17.4 6.22
3 0.838° 118.4 46.68° 2.381 5.97 42.37° 34.0 -17.1 8.31
4 0.973° 117.8 42.43° 2.965 6.00 38.95° 30.8 -15.4 10.35
5 1.093° 117.3 39.13° 3.543 6.02 36.21° 25.6 -12.8 12.37
6 1.202° 116.7 36.47° 4.121 6.05 33.95° 18.9 -9.5 14.39
T 1.305° 116.1 34.25° 4.701 6.08 32.03° 11.1 -5.6 16.41
8 1.402° 115.6 32.37° 5.283 -6.11 34.35° 26.8 -13.4 18.45
g 1.495° 115.0 30.73° 5.870 -6.14 32.53° 17.3 -8.6 20.50
10 1.584° 114.4 29.30° 6.462 -6.17 30.94° 7.1 -3.5 22.56
11 1.670° 113.8 28.02° 7.059 -6.19 28.53° -3.9 1.8 24.65
12 1.753° 113.2 26.88° 7.662 -6.22 28.28° -15.4 7.7 26.75

Table 2. Angles and momenta of elastic protons and magnet strengths. Positive [ Bdl denotes
bending to the right for PPT, M; and M; and bending up for M3, and Mg;. 9y is
the recoil angle after the PPT magnet; it differs from 6z by [ Bdli/{./Pr.

10



The quadrupoles’ gradients needed to focus the recoil protons into the spectrometer’s aper-
tures were calculated using TRANSPORT. Most focusing is done by the vertically focusing Q,
and the horizontally focusing Q;; this gives the spectrometer a larger vertical acceptance angle
Adj,( = Ag sin ) than horizontal acceptance angle Af,,. The horizontal angle fz is corre-
lated with the elastic recoil momentum Pg for each P2. Fig. 7 shows typical horizontal (upper)
and vertical (lower) beam envelopes through the spectrometer. The quadrupole pairs Q;, Q, and
Q3, Q4 focus a rather large acceptance of about Af),, = 22 mrad and Adl,,, = 140 mrad into small

aperture detectors and magnets. The required magnets are listed in Table 3.

120 GeV/c, 30°, P,%<6.0, Py=4.196,+11 mr x £70 mr, AP/P= £3.7 % Magnet Center Field
PPTM: bend right, Target: AX=#0 mm, AY=20 mm Position  or Gradient
20 r T TTT T I.-'l LI S S | ™ - T l- PPT 0'0 m 50’0 kG
i k- < h: ]
5 r : ; ; i Q 1.5m -1.44 kG/cm
= 10k : : : | — Q: 33m  0.65kG/cm
N ! 1 [ ] .
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i | I . -
< Luu E BBD‘ ‘B[}' ! Qs 11.2m 0.10 kG/cm
I
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Figure 7. The beam envelopes obtained from TRANSPORT for the recoil protons at
P? = 6 (GeV/c)? for a point target.

Magnet Length Gap Braz  Bmaz
(inches) (inches) (kG/cm) (kG)
Q1,Q2,Q3,Q4 36 8x8 1.5 -
super 24 4x6 6.0 -
M;,M2,M3,,M3s 72 24x8 - 18.5

Table 3. Recoil spectrometer magnet list.

super

We would probably later provide the superconducting quadrupole QJ for the data runs at
P2 = 7-12 (GeV/c)? ; its field gradient of about 6 kG/cm, listed in Table 3, corresponds to the
7.7 GeV /c recoil momentum at P2 = 12 (GeV/c)?; the corresponding beam envelope plot is shown

in Fig. 8. The Q"7 aperture is 4 x 6 inches and its center is 30 cm closer to the target than Q;.
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120 GeV/c, 30°, P,%=12.0, Py=7.662, 11 mr x 70 mr, AP/P= 4.7 % Magnet  Center Field

PPTM: bend lefi, Target: AX=x0 mm, AY=%0 mm Position or Gradient
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Figure 8. Beam envelope plot for the highest P2 = 12 (GeV/c)?. Qi*? should be a super-
conducting quadrupole with a gradient of about 8 kG/cm for P2 = 7-12 (GeV/c)?.
As shown in Figs. 6 and 9, the forward arm would contain a small vertical resolution hodoscope
FV. Table 4 lists the sizes of all detectors. The 12° vertical bend in the M3 dipole, measured with
the 1 mm vertical resolution wire chambers W, to W4, would give a momentum resolution of about
+0.1%. The scintillator hodoscopes RH; and RH; would measure the horizontal recoil angle g
with a precision of approximately Afp =~ ++/{0.28)% + (0.35)¢/50 = +8.8 mrad.

By recording each event’s time-step during the 24-step 1 sec raster, we would determine the

transverse position of the interaction point to a precision of 2.5 mm FWHM. This would determine

the vertical forward angle (¢}-) and vertical recoil angle {¢;) to precisions of approximately:

Al ~ £1/(2.5)2 + (2.3)? mm/9m = +0.38 mrad,

Agh ~ +4/(2.5)? + (4.4)2 mm/0.8m = +6.3 mrad.

This would determine coplanarity to a precision of about A¢ = +14 mrad at 6 (GeV/c)® which
would significantly discriminate against inelastic and quasi-elastic events. The +0.1% Pp mea-
surement and the +8.8 mrad measurement of fg would even more strongly discriminate against
background events. We would monitor the relative luminosity using the Ujaz, Diz3, and Bigg
telescopes, of 3 small scintillation counters each, placed above and below the beam line.

We would employ a three-level system to select elastic events. The first level would be a fast
coincidence (S;23) between the scintillator hodoscopes Sy, S; and S3; its decision time would be
about 5 nsec. 8y, S2 and S3 would each have 4 hodoscope channels, which would give a momentum
resolution of about AP /P = +5%. The second level trigger would include an “or” coincidence with

any FV hodoscope channel (S;33 + FV,,). This would have the same decision time of about 5 nsec

12



and would give a fast and simple estimate of the elastic event rate. However, it would probably

have a high background rate at high-P? and a high accidental rate at low-P2.

Detector Type Location Size(HxV) Channels Resolution Other specifications
fem] fem]

Sy Scintillator R-16.6 m 20x20 4 5V 5 mm thick

Sq Scintillator R-39.7m 30x50 4 125V 1 ¢m thick

Ss Scintillator R-40.0 m 30x50 4 125V 1 ¢m thick

RH, Scintillator R-0.3m 4.5x6.2 16 0.28 H 5 mm thick

RH- Scintillator R-0.8m 5.6x13.2 16 0.35 H 5 mm thick

RV Scintillator R-0.8 m 5.6x13.2 32 041V 5 mm thick

W, MWPC R-18.7m 20x20 192 0.1V

Wy Drift Chamber R-25.1m 30x50 2x32 0.1V Ar-CO,

W3 Drift Chamber R-31.0m 30x50 2x32 0.1V Ar-COy

W, Drift Chamber R-39.4m 30x50 2x32 0.1V Ar-CO,

FV Scintillator F-9m 3x7.5" 32 0.23 v~ 2.54 em thick

Uioa Scintillators F-2 m, 20° up 1.27x1.27 3 - 2.54 cm thick

Disas Scintillators F-2 m, 20° down 1.27x1.27 3 - 2.54 cm thick

Bias Scintillators 1 m below 1.0x2.0 3 - 0.5 cm thick

" These are the matched FV sizes for P2 = 6 (GeV/c)?; we would use different size scintillators at
larger and smaller P2 to match the elastic kinematics.

Table 4. List of detectors.

Each second level trigger would be analysed by two independent on-line data analysis systems:
a fast hard-wired system and a slower computer system for more detailed analysis.

The fast hard-wired system would require a coincidence between the recoil and forward ¢
angles measured by the 32 channel recoil hodoscope RV and the 32 channel forward hodoscope
FV. Adjacent channels would be grouped to form an 8 x 8 coplanarity coincidence matrix using
a memory look-up unit (MLU) with a decision time of about 50 nsec; a negative decision would
clear all subsystems to decrease the dead time. The “off-diagonal” 8 x 8 matrix elements would be
used for a fast estimate of the background. Time-to-digital converters (TDCs) would record the
time-of-flight between S§; and S3 and estimate the accidental coincidences between FV and RV.

All (32 x 32) channels would be individually analysed by the computer system. For each
event, the computer system would also form an angle-momentum cut by correlating the horizontal
recoil angle measured by the 16 channel RH; and RH; hodoscopes with the precise momentum
measurement from the four wire chambers W; to W,4. This computer analysis should take at most
a few milliseconds; thus, it might be off-line for a significant fraction of the small-P? events, but it

certainly would be on-line for almost all large-P? events.
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Note that the most serious problem may be the very high rates in the RH; and FV scintillation
hodoscopes. With the total NHz luminosity of over 103% em™2 s=! at Main Injector, each channel

may run at several MHz as did similar detectors at the AGS[!%%, We would use a separate power
supply for each dynode in both RH; and FV and also use thick scintillators and low PM tube

voltages in FV.[30]

We propose installing the spectrometers and the polarized proton target (PPT) in the Meson
West extracted beam line, as shown in Fig. 9. The SPIN Collaboration would provide all detectors,

electronics, and data analysis computers.

would be required:

The following modifications of the Meson West area

1. Rearrangement of shielding blocks and possibly raising the roof shielding to accomodate

the PPT with its pumps and cryogenic hardware.

2. Rearrangement of the area around the 30° spectrometer line to accomodate the detectors
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and downstream magnets.
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Figure 9. Possible SPIN@FERMI layout of the PPT and the forward and recoil spectrometers

in the Meson West area.
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Event Rates
We estimate the event rates and errors in A4,, for large-Pf_ proton-proton elastic scattering at
120 GeV using the Michigan polarized target and the proposed SPIN@FERMI spectrometers. Qur

target has a polarized proton thickness of about:
No(p)t = 6.02 16 gm™' (0.1 gm em™3) 3.6 cm = 2.1 10% polarized protons cm=2. (4)

The Main Injector can easily supply 310! unpolarized 120 GeV protons with a 2.8 sec repetition
rate to the Meson West area. Then the average intensity passing through our target would be

about 10!! protons per sec; the time-averaged luminosity would then be:
£ =2.110%sec™! cm™2 (5)

The p — p elastic cross-sections, do/dt, are obtained from a compilation®¥ shown in Fig. 10; at
120 GeV/c, Bem = 0.9922 and 0ot = 38.5 mb, so that the quantity 520orq:/38.3 = 0.990, which

is quite close to 1. We then calculate the event rate using:
d d
Events/day = IZd—:(At - Ag/2m)e 86400 sec/day = 144d—: [nb] At - A¢ [mr], (6)

where A¢ is the azimuthal angle and the detection efficiency ¢ is conservatively estimated to be
50 %. Table 5 lists the event rate and error in A, for each Pi point. Note that we may need a
lower beam intensity at P2 = 1 (GeV/c)®. As an example of what might be done with a 70 %

polarized Main Injector beam, we also list AA,,,,, the elastic spin-spin parameter’s error.

P? At A¢p do/dt events days N AA, AAd,.,
(GeV/c)? (GeV/c)? mr (55"‘—5’/;)7 day events  [.85v/N]~! | [.70(.85)vN]!
1.0 0.06 159 2200 3.0310% 5 1.52 107 0.1% 0.1%
2.0  0.09 177 70 1.6110° 5  8.06 10° 0.2% 0.2%
3.0 0.25 194 16 1.12 10° 5 5.60 10° 0.2% 0.3%
4.0 035 210 3.1 3.29 10* 5  1.6410° 0.3% 0.4%
50  0.45 225  0.73  1.07 10* 5 5.34 10* 0.5% 0.8%
60 056 240 0.6 3.1010® 10  3.10 10" 0.7% 1.0%
e S e R AR AT PR S e
8.0 079 268 0.009 276 20  5.51 103 1.6% 2.3%
10.0 1.06 296 0.0014 64 30 1.90 10° 2.7% 3.9%
12.0 1.25 324 0.00021 12 50 6.14 102 1.8% 6.8%
Total 150 days+15 days tune-up

Table 5. Event rates and errors in A, and A,, for p — p elastic scattering at 120 GeV/c.
The high-P? points below the dotted line require Q{""".
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Status of Equipment
Table 6 lists the status of the equipment required for the SPIN@FERMI experiment. Significant
time would be required for the careful packing, shipping, and reassembling of the solid PPT system

now at Michigan. This summer, we again successfully tested this solid PPT at Michigan; in 1996,

with freshly irradiated ammonia beads, a polarization of over 90% was obtained.

# Iiem Status Suggested action Estimated time
1. Solid PPT, NMR, Microwaves At Michigan Pack, ship, reassemble 6 months
2. PPT pumps At Michigan Pack, ship, reassemble 6 months
3. PPT stand + hardware At Michigan Modify and ship 3 months
4. Quadrupoles Q1, Q2, Q3, Q4 From FNAL Find 3 months
5. Dipoles M1, M2, M3,, M3, From FNAL Find 3 months
6. Movable stands for: 152/111’,%22,3?;531{35 Need Make at FNAL 3 months
7. Magnets’ movement plates Need Design, make at FNAL 6 months
8. Magnets’ power supplies From FNAL Obtain, check 3 months
9. Scintillators: FV,51,52,83,RH2,RH2,RV  Need Make at Michigan 4 months
10. Wire Chambers: W1,W2 At Michigan Pack, ship 2 months
W3,W4 Need Make at Michigan 6 months
11. Monitors Dyo3, Ujizs, Bizs At Michigan Check, ship 3 months
12. Detector stands At Michigan Pack, ship 3 months
13. Cables Need Purchase 2 months
Connectors Mostly at Michigan Acquire, ship 3 months
Connect cable ends Need Assemble, test at Michigan 2 months
14. Electronics Mostly at Michigan Acquire, ship 3 months
15. Computers At Michigan Pack, ship 2 months
16. SWIC’s From FNAL Check, install in beam line 2 months
17. Feedback split SWICs Need Build at FNAL or Michigan 4 months
18. Rastering & stability: magnets, From FNAL Design 6 months
power supplies and controls
19. Experiment’s trailer From FNAL Obtain, modify 3 months
20. Shielding blocks At FNAL Plan, rearrange 3 months
21. Liguid Helium and Nitrogen Through FNAL Purchase, reliquify 1 month
* 22 Superconducting Ql Will need later Design, purchase or fabricate 18 months

Table 6. Status of equipment
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Summary

We propose fundamental measurements of the analyzing power 4, in 120 GeV p— p elastic scat-
tering at high-P% , which should give important information and insights about the inner structure
of the proton and the strong interaction. We should be able to precisely measure 4,, from P =1 to
12 (GeV/c)? in 150 days of data time plus about 15 days of tune-up time. The SPIN@FERMI ex-
periment would utilize the proven Michigan solid polarized proton target and the carefully studied
design of the NEPTUN-A spectrometer. This proposed experiment would increase the maximum
measured P2 for A, data from 7 to 12 (GeV/c)? and would increase the maximum energy for
large-P? A, data from 28 to 120 GeV.
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