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SUMMARY (no more than 200 words): 
 
An experimental program is proposed to investigate the density dependence of the nuclear asymmetry term of the equation-of-state as 
well as the in-medium nucleon-nucleon (NN) cross-sections.  A two-stage program is described in which the experimental setups in 
each stage are nearly identical.  Predicted observables sensitive to the density dependence of the in-medium NN cross-sections are the 
neutron-proton emission ratios at forward angles.  Similarly, neutron-proton emission ratios at 900 in the center-of-mass are also 
sensitive to the stiffness and momentum dependence of the nuclear equation-of-state.  These observables will help to constrain the 
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fragment yields are a useful observable in the characterization of the stiffness of the nuclear EOS, these will also be observed. 
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I.  Physics Justification 
Experimental studies have placed significant constraints upon the Equation of state (EOS) for isospin 

symmetric nuclear matter [1]. The dependence of the EOS on the isospin asymmetry δ=(ρn-ρp)/(ρn+ρp), 

however, remains largely unconstrained; theoretical estimates of the uncertainty due to this term suggest that it 

may be the dominant contribution to the uncertainty in the EOS of neutron matter [1].  Not surprisingly, the 

asymmetry term governs many macroscopic properties of neutron stars, such as their radii, their moments of 

inertia [2,3], their maximum masses [4], how they are formed and cool [5] and the possibility that exotic matter 

may occur in the neutron star core [2,6,7]. The radii and moments of inertia are particularly sensitive to the 

density dependence of the asymmetry term at normal and sub-normal density. There, the uncertainty in the 

pressure due to the nuclear asymmetry term can be larger than many estimates for the total pressure of the 

system [1].   

 Measurements at the NSCL have recently provided information about the density dependence of the 

asymmetry term [8,9]. Figure 1 shows a comparison between measured (cross-hatched region) and calculated 

values (points) for the isospin asymmetry ratio constructed from semi-peripheral 112Sn+124Sn, 112Sn+124Sn, 
124Sn+112Sn and 124Sn+124Sn collisions. (Results for central collisions are also expected from the analysis of 

Exp. 01032, which is in progress.) The points labeled "BUU" in Figure 1 represent BUU calculations using 

momentum independent mean field potentials with different assumptions for the density dependence of the 

interaction part of the asymmetry term ( ) γρρ ∝intS . The open points labeled "BUU+m*" represent 

corresponding calculations using mean field potentials that include a momentum dependence consistent with the 

Lane potential. While a momentum dependent interaction term with a linear density dependence provides a 

better description of the data, past experience dictates that such conclusions should be taken with caution. 

Stringent constraints will only be obtained if measurements constrain the momentum dependence of the 

isovector mean field potentials and also the isospin dependence of the in-medium cross sections. This proposal 

aims to provide such constraints. 

We take some guidance for our proposal from recent calculations for the emission of light particles in 

asymmetric collisions [12]. Figure 2 shows corresponding predictions for the ratio of the center of mass spectra 

for neutrons and protons in central 52Ca+48Ca collisions at E/A=80 MeV [12]. Somewhat smaller but quite 

measurable effects will be observable in 48Ca+48Ca system that we propose to study at the NSCL. The results 

for three different models with different momentum dependences for the isovector mean field potential are 

shown in the figure illustrating the potential sensitivity to the momentum dependence of the asymmetry term 

that we want to explore. To constrain Coulomb effects, we propose to also measure central 40Ca+40Ca collisions 

wherein the Coulomb term remains but the asymmetry term vanishes on average.  



The isospin dependence of in-medium nucleon-nucleon (NN) cross sections in asymmetric matter has also 

received little attention, and the few studies that explore this dependence do not lead to the same conclusion.  

Fig. 3 shows calculations that predict the ratio ppnp σσ / of in-medium cross sections may decrease as a function 

of the density in symmetric nuclear matter [13]. Other calculations predict an opposite trend of increasing 

ppnp σσ /  with density  [14]. Recently, studies have revealed a strong sensitivity in the rapidity dependence of 

the asymmetry δ of light particles to the isospin dependence of the in-medium cross section.[11,12]. The left 

side of Figure 4 shows the predictions calculated for a 100Zn beam from RIA and the right panel shows the 

corresponding predictions for the reverse reaction with a 40Ca beam. A factor of two difference in the 

asymmetry δ=(Y(n)-Y(p))/(Y(n)+Y(z)) is predicted at beam rapidities, depending on assumptions about the in-

medium cross section. While 100Zn as a beam or a target is unfeasible at the NSCL, we can perform sensitive 

measurements using a 40Ca beam on a 124Sn target and contrast those measurements with additional 

measurements on a 112Sn target. The number of p-n collisions, which governs the predicted effect, will be 

roughly the same with the 124Sn target as for a 100Zn target, but will be more than the number of collisions for a 
112Sn target. On the other hand, the number of protons will be the same for both Sn targets allowing a 

"subtraction" of the influence of collisions with the target protons. We propose to examine the influence of the 

corona effect in which projectile spectator neutrons avoid the target by measuring collisions between a 48Ca 

beam and 112Sn and 124Sn targets during the same experiment.   

We note that the asymmetry term strongly influences the asymmetry at backward rapidities.  We may 

choose to propose measurements of this effect in a follow up measurement involving 112Sn and 124Sn beams and 
40Ca and 48Ca targets, but we do not propose this measurement at the present time.  

 II. Goals of the Current Experiment 

In order to deconvolve the dependence of the neutron and proton observables on the isospin asymmetry, 

incident energy, the density and momentum dependencies of the asymmetry term in the EOS, and the isospin 

dependence of the in-medium cross sections, several experiments are needed. We imagine the experiment 

running as one block at each incident energy. Each block would involve measurements with 40Ca and 48Ca 

beams on 112Sn and 124Sn targets to obtain constraints on the isospin dependence of in-medium nucleon-nucleon 

cross sections, as well as measurements with 40Ca and 48Ca beams on 40Ca and 48Ca  targets to obtain constraints 

on the momentum and density dependence of the asymmetry term of the EOS.   

Because the densities achieved, the Pauli blocking and the momentum dependence of the mean fields 

evolve with incident energy, we believe that three incident energies, E/A ≈ 50, 100, and 150 MeV, will be 

needed to map this behavior and to permit a more accurate extrapolation to the higher-densities. 



The precise energy of the beam is not critical and these three energies can be changed somewhat to optimize the 

operation of the facility. The beam on target can be degraded primary beam, and it is not necessary to operate 

the cyclotron in stand-alone mode.  To obtain precise comparisons with transport theory, we must know that the 

efficiency of the neutron detector is independent of the beam-target combination. For example, we should do a 

complete set of measurements, e.g. 40Ca and 48Ca beams on 112Sn and 124Sn targets or 40Ca and 48Ca beams on 
40Ca and 48Ca targets before the experiment is stopped. We would like to start with the measurements at E/A = 

100 MeV.  

In the Ca+Ca measurements, neutron and proton energy spectra will be measured for a symmetric system 

(40Ca+40Ca, δ=0), an asymmetric system (48Ca+48Ca, δ=0.17), and the mixed systems (48Ca+40Ca and 
40Ca+48Ca, δ=0.09).  For the Ca+sn measurements, measurements with four systems 40Ca+112Sn, 40Ca+124Sn, 
48Ca+112Sn, and 48Ca+124Sn target will also be required.  For each Ca+Ca and Ca+Sn system, simultaneous 

measurements of the spectra of isotopically resolved charged particles will allow us to track the average flow of 

all neutrons and protons during the collision, regardless of whether such the neutrons and protons are bound or 

free.   

III.  Experimental Details 

Measurement of the relative neutron and proton flow observables in this energy regime will require 

three major components.  These include neutron detectors with a large angular range, charged particle 

telescopes capable of a similar angular range and sufficient energy range to provide emission spectra extracted 

from the mid-rapidity region in the described reactions, and way of measuring the reaction impact parameter via 

charged particle multiplicity.  These devices already exist in the form of the large liquid scintillator neutron 

walls at the NSCL, elements of the LASSA array (Alternatively, HiRA can also serve the same purpose for 

collisions at E/A≤100 MeV.), and the Washington University MicroBall array.  Additionally, a simple position 

sensitive trigger detector array will also be constructed for timing and acquisition triggering. 

 The experimental setup is shown in Figure 5.  Neutron walls will be placed a distance of about 4-6 m 

from the target with an angular coverage in the lab of 150 to 600, providing a center-of-mass coverage of 700 to 

1100 for the EOS experiment, as well as a large angular coverage at forward angles for the NN cross-section 

measurement.  A similar coverage will be provided by six charged-particle telescopes.  The S2 vault is large 

enough to accommodate the neutron walls north of the target area.  

 Impact parameter will be determined via charged-particle multiplicity in the MicroBall detector[16], 

which will be complimented by a granular plastic scintillator start detector.  We envision using 55 CsI detectors 

from the five backward rings of the Microball. The Microball provides over 97% coverage over backward 

angles, as well as particle identification.  The combined information from the charged-particle telescopes, the 



start detector information, and the microball will provide a good measure of the impact parameter and reaction 

plane needed for proper event characterization.     

 The start detector will be thin segmented plastic scintillator array placed at forward angles (see Fig. 5).  

This array provides signal with a resolution of less than 300ps, and will also serve as the time reference for the 

experiment.  In addition to providing the time reference, the multiplicity in this detector will complement the 

microball multiplicity (explained below) in the impact parameter selection.  Past experiments have used a four-

segment version of this device.  The proposed experiment will utilize a replica with higher granularity – 32 

segments, in order to achieve better impact parameter identification. 

 The thin-walled Washington University scattering chamber at the target location will accommodate the 

charged-particle telescopes, the microball, and the start detector and is sufficient to perform the Ca+Sn 

experiments without modification.  Hardware from a previous experiment (NSCL experiment #01032) already 

exists for mounting these detectors. For experiments with Ca targets, however, provision must be made for 

vacuum transfer of the targets. For this reason, it may be necessary to begin our measurements with the Ca+Sn 

system.  

 For central collisions of 48Ca+48Ca with a 5mg/cm2 target, a collision rate of 7x104  

s-1pnA-1 is expected.  The neutron detection efficiency is the limiting factor for useful events in this experiment.  

For both neutron walls with active areas of 4 m2 placed 5m from the target, the geometric efficiency is 0.025.  

The neutron detection efficiency in the energy region of interest has been simulated to be about 10%.  Given a 

target thickness of 5mg/cm2, the total neutron detection rate is estimated at about 175 s-1pnA-1.  Rate estimates, 

and requested time justifications for each stage of the experiment are given in Table 1.  The requested time is to 

obtain ≥106 useful events.  Also shown are calculations for the (48,40)Ca + (112,124)Sn reaction for a target 

thickness of 5mg/cm2. 

 While the NSCL is capable of intensities up to 15 pnA of Ca isotopes, an intensity of ~0.5pnA is 

requested to accommodate a low emittance and a small spot size.  This large reduction in intensity is due to the 

fact that a small beam spot size – 2mm – is requested.  In order to minimize background events, a beam purity 

of 99% is requested.  A momentum acceptance of 1% or less is also desired, as well as an emittance less than 

about 20mrad so as to avoid background from scattering off of the downstream beamline. 

 In addition to the requested data-taking period, an additional 8 hours per beam/target combination is 

requested for background corrections using shadowbar measurements.  Finally, an additional 8 hours of 18O at 

25 MeV/µ per run is requested for calibration of the HiRA array via proton recoils from a polyethelene target. 

 With the impact parameter selection criteria of the MicroBall, central collisions will be separated from 

the bulk data, and the two observables described previously will be studied.  The relative neutron-to-proton 



ratios as a function of energy will be measured for angles near 900 in the C.M.  Additionally, the prediction that 

the t/3He ratio at intermediated energies as a measure of the asymmetry energy will be studied and constrained 

to predictions given by previous models [12]. 

 The mean transverse momenta of light fragments will be measured using the methods of Tsang et al. 

[17].  The x-axis - corresponding to the reaction plane - will be determined by mean collective momenta of 

particles detected in the microball, LASSA, and the neutron wall.  Particle momenta projections onto the 

reaction plane will be used as an independent flow measurement [17,19].  

IV. Previous Measurements 

Neutron and proton observables were observed for the first time in NSCL experiment 01032.  Using the 

reactions 124Sn+124Sn (δ=0.19) and 112Sn+112Sn (δ=0.11), neutron-to-proton spectral ratios were measured at 900 

in the center-of-mass.  These results are compared to predictions from BUU calculations in Figure 6.  

Transverse momenta are currently being extracted from this experiment for A=1 and A=3 fragments.  Results 

from this experiment are currently constrained to center-of-mass energies of ≲ 80 MeV.  While these results 

appear consistent with an asy-soft EOS, higher statistics at higher center-of-mass energy will remove much of 

the ambiguity of this measurement.  The range of asymmetry explored in this measurement is also higher than 

that of the previous measurement (δ(40Ca+40Ca)=0; δ(48Ca+48Ca)=0.17).  The overlap between the previous 

experiment and the proposed experiment will allow for a more accurate extrapolation to very asymmetric 

matter, such as that of neutron stars. 

 Results from NSCL experiment 01032 are currently being finalized for journal submission this year.  

Preliminary results were presented at the APS Division of Nuclear Physics at Chicago in October.  Also, results 

will be presented at the 229th American Chemical Society Meeting as an invited talk for the Glenn T. Seaborg 

Award Symposium. 
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Table 1.  Count Rate Estimates for Each Beam/Target Configuration 

Beam 
(0.5 pnA) 

Target Central 
Collision 
Rate (s-1) 

Neutron 
Detection 
Rate (s-1) 

Events/day Number of 
days 

Total 
Events 

48Ca 48Ca 35000 88 7.6x106 1 7.6x106 

48Ca 40Ca 35000 88 7.6x106 0.5 3.8x106 
40Ca 48Ca 35000 88 7.6x106 0.5 3.8x106 
40Ca 40Ca 35000 88 7.6x106 1 7.6x106 
48Ca 112Sn 11000 28 2.4x106 1  2.4x106 

48Ca 124Sn 11000 28 2.4x106 1  2.4x106 
40Ca 112Sn 11000 28 2.4x106 1  2.4x106 
40Ca 124Sn 11000 28 2.4x106 1 2.4x106 
 



Figure 1 Comparison between measured (cross-hatched region) and calculated values (points) for the isospin 
asymmetry ratio constructed from semi-peripheral 112Sn+124Sn, 112Sn+124Sn, 124Sn+112Sn and 124Sn+124Sn 
collisions.[9] 
 



 
 
 
 
Fig. 2: Calculated pre-equilibrium yield ratios of tritium and 3He for the 52Ca+48Ca reaction at 80 MeV/µ.  Each 
plot corresponds to a different model.  In each plot, the solid squares correspond to ratios predicted using an 
“asy-soft” potential, while the empty squares correspond to an “asy-stiff” potential [10]. 
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Fig. 3 Predicted in-medium nucleon cross section ratios as a function of density and lab energy [11].



0

0.1

0.2

0.3

0.4

0.5

0.6

-1 -0.5 0 0.5 1

100Zn+40Ca, E/A=200 MeV

γ=1 σ
np

 = σ
pp

 = (σ
np,free

 + σ
pp,free

)/2

γ=1 σ
np

 = σ
np,free

,  σ
pp

 = σ
pp,free

γ=2 σ
np

 = σ
pp

 = (σ
np,free

 + σ
pp,free

)/2

γ=2 σ
np

 = σ
np,free

,  σ
pp

 = σ
pp,free

dN
/d

y

(y/y
beam

)
cm

 (inverse kinematics)
-1 -0.5 0 0.5 1

40Ca+100Zn b=0, E/A = 200 MeV

(y/y
beam

)
cm

 (normal kinematics)

δ

 
 
 
Fig. 4: Predicted isospin asymmetries as a function of relative rapidity for an asy-soft (γ=1) and asy-stiff (γ=2) 
EOS for two different extremes in the NN in-medium cross-sections.



 
 
 

 
Fig. 5: Diagram of proposed experimental setup with the target location installed on the RPMS line in the S2 
vault (top).  The neutron walls are located at roughly 5.5m and 7m.  The bottom figure shows a schematic of the 
proposed setup of the scattering chamber. 



 
Fig. 6:  Experimental pre-equilibrium yield ratios of neutrons to protons for the two systems compared in Figure 
3 compared to theoretical predictions[8].  Shown are the double ratios for each measurement, i.e, 
(Yn/Yp)112/(Yn/Yp)124 is plotted.  The results are from NSCL experiment #01032.



Safety Information 
 
It is an important goal of the NSCL that users perform their experiments safely, as emphasized in the Director’s Safety Statement. 
Your proposal will be reviewed for safety issues by committees at the NSCL and MSU who will provide reviews to the PAC and to 
you. If your experiment is approved, a more detailed review will be required prior to scheduling and you will need to designate a 
Safety Representative for your experiment. 
 
SAFETY CONTACT FOR THIS PROPOSAL:  _____________________________________________________________ 
 
HAZARD ASSESSMENTS (CHECK ALL ITEMS THAT MAY APPLY TO YOUR EXPERIMENT): 
         X          Radioactive sources required for checks or calibrations. 
 __________ Transport or send radioactive materials to or from the NSCL. 

__________ Transport or send— to or from the NSCL—chemicals or materials that may be considered hazardous or 
toxic. 

 __________ Generate or dispose of chemicals or materials that may be considered hazardous or toxic. 
 __________ Mixed Waste (RCRA) will be generated and/or will need disposal. 
 __________ Flammable compressed gases needed. 
 __________ High-Voltage equipment (Non-standard equipment with > 30 Volts). 
 __________ User-supplied pressure or vacuum vessels, gas detectors. 

__________ Non-ionizing radiation sources (microwave, class III or IV lasers, etc.). 
__________ Biohazardous materials. 

 
 
PLEASE PROVIDE BRIEF DETAIL ABOUT EACH CHECKED ITEM. 
 
Sealed gamma ray sources (~1µCi) will be required for liquid scintillator calibrations.   
Neutron sources will also be required (e.g., PuBe) for n-γ discrimination tests of the neutron walls. 
Alpha sources (e.g., 241Am) will be required for silicon detector calibration. 
 
 



BEAM REQUEST WORKSHEET INSTRUCTIONS 
 

Please use a separate worksheet for each distinct beam-on-target requested for the experiment.  Do not forget to include any beams 
needed for calibration or testing.  This form does not apply for experiments based in the A1900.  Note the following: 

(a) Beam Preparation Time is the time required by the NSCL for beam development and beam delivery.  This time is 
calculated as per item 4. of the Notes for PAC 28 in the Call for Proposals.  This time is not part of the time available for 
performing the experiment. 

(b) Beam-On-Target Time is the time that the beam is needed by experimenters for the purpose of performing the experiment, 
including such activities as experimental device tuning (for both supported and non-supported devices), debugging the 
experimental setup, calibrations, and test runs.   

(c) The experimental device tuning time (XDT) for a supported device is calculated as per item 5. of the Notes for PAC 28 in the 
Call for Proposals.  For a non-supported device, the contact person for the device can help in making the estimate.  In 
general, XDT is needed only once per experiment but there are exceptions, e.g. a change of optics for the S800 will require a 
new XDT.  When in doubt, please consult the appropriate contact person. 

(d) A primary beam can be delivered as an on-target beam for the experiment either at the full beam energy or at a reduced 
energy by passing it through a degrader of appropriate thickness.  The process of reducing the beam energy using a degrader 
necessarily reduces the quality of the beam.  Please use a separate worksheet for each energy request from a single primary 
beam. 

(e) Report the Beam-On-Target rate in units of particles per second per particle-nanoampere (pps/pnA) for secondary beams or 
in units of particle-nanoampere (pnA) for primary or degraded primary beams. 

(f) More information about momentum correction and timing start signal rate limits are given in the A1900 service level 
description. 

(g) For rare-isotope beam experiments, please remember to send an electronic copy of the LISE++ files used to obtain intensity 
estimates. 



BEAM REQUEST WORKSHEET 
Please use a separate sheet for each distinct beam-on-target requested 

 
 

 Beam 
Preparation 

Time 
————— 

Beam- 
On-Target 

Time 
———— 

Primary Beam (from beam list) 
Isotope 40Ca   
Energy 140 MeV/nucleon 

Minimum intensity 0.5 particle-nanoampere 
 

Tuning time (18 hrs; 0 hrs if the beam is already listed in an earlier worksheet): 18 hrs   
 
Beam-On-Target 

Isotope 40Ca   
Energy 140 MeV/nucleon 

Rate 0.5pnA pps/pnA (secondary beam) or pnA (primary beam) 
Total A1900 momentum acceptance 1 % (e.g. 1%, not ±0.5%) 

Minimum Acceptable purity 99 % 
Additional requirements  [  ] Event-by-event momentum correction from 

  position in A1900 Image 2 measured with 
   [  ] PPAC 
   [  ] Scintillator 
  [  ] Timing start signal from A1900 extended focal plane 

 
Delivery time per table (or 0 hrs for primary/degraded primary beam): 0 hrs   
     
Tuning time to vault: 4 hrs   
     
Total beam preparation time for this beam: 22 hrs   
     
Experimental device tuning time [see note (c) above]:   0 hrs 
S800 [  ]   SeGA [  ]   Sweeper [   ]   Other [   ]      
On-target time excluding device tuning:   56 hrs 
     
Total on-target time for this beam:   56 hrs 

 



BEAM REQUEST WORKSHEET 
Please use a separate sheet for each distinct beam-on-target requested 

 
 

 Beam 
Preparation 

Time 
————— 

Beam- 
On-Target 

Time 
———— 

Primary Beam (from beam list) 
Isotope 40Ca   
Energy 90 MeV/nucleon 

Minimum intensity 0.5 particle-nanoampere 
 

Tuning time (18 hrs; 0 hrs if the beam is already listed in an earlier worksheet): 18 hrs   
 
Beam-On-Target 

Isotope 40Ca   
Energy 90 MeV/nucleon 

Rate 0.5pnA pps/pnA (secondary beam) or pnA (primary beam) 
Total A1900 momentum acceptance 1 % (e.g. 1%, not ±0.5%) 

Minimum Acceptable purity 99 % 
Additional requirements  [  ] Event-by-event momentum correction from 

  position in A1900 Image 2 measured with 
   [  ] PPAC 
   [  ] Scintillator 
  [  ] Timing start signal from A1900 extended focal plane 

 
Delivery time per table (or 0 hrs for primary/degraded primary beam): 0 hrs   
     
Tuning time to vault: 4 hrs   
     
Total beam preparation time for this beam: 22 hrs   
     
Experimental device tuning time [see note (c) above]:   0 hrs 
S800 [  ]   SeGA [  ]   Sweeper [   ]   Other [   ]      
On-target time excluding device tuning:   56 hrs 
     
Total on-target time for this beam:   56 hrs 

 
 



BEAM REQUEST WORKSHEET 
Please use a separate sheet for each distinct beam-on-target requested 

 
 

 Beam 
Preparation 

Time 
————— 

Beam- 
On-Target 

Time 
———— 

Primary Beam (from beam list) 
Isotope 40Ca   
Energy 50 MeV/nucleon 

Minimum intensity 0.5 particle-nanoampere 
 

Tuning time (18 hrs; 0 hrs if the beam is already listed in an earlier worksheet): 18 hrs   
 
Beam-On-Target 

Isotope 40Ca   
Energy 50 MeV/nucleon 

Rate 0.5pnA pps/pnA (secondary beam) or pnA (primary beam) 
Total A1900 momentum acceptance 1 % (e.g. 1%, not ±0.5%) 

Minimum Acceptable purity 99 % 
Additional requirements  [  ] Event-by-event momentum correction from 

  position in A1900 Image 2 measured with 
   [  ] PPAC 
   [  ] Scintillator 
  [  ] Timing start signal from A1900 extended focal plane 

 
Delivery time per table (or 0 hrs for primary/degraded primary beam): 0 hrs   
     
Tuning time to vault: 4 hrs   
     
Total beam preparation time for this beam: 22 hrs   
     
Experimental device tuning time [see note (c) above]:   0 hrs 
S800 [  ]   SeGA [  ]   Sweeper [   ]   Other [   ]      
On-target time excluding device tuning:   56 hrs 
     
Total on-target time for this beam:   56 hrs 

 



BEAM REQUEST WORKSHEET 
Please use a separate sheet for each distinct beam-on-target requested 

 
 

 Beam 
Preparation 

Time 
————— 

Beam- 
On-Target 

Time 
———— 

Primary Beam (from beam list) 
Isotope 48Ca   
Energy 140 MeV/nucleon 

Minimum intensity 0.5 particle-nanoampere 
 

Tuning time (18 hrs; 0 hrs if the beam is already listed in an earlier worksheet): 18 hrs   
 
Beam-On-Target 

Isotope 48Ca   
Energy 140 MeV/nucleon 

Rate 0.5pnA pps/pnA (secondary beam) or pnA (primary beam) 
Total A1900 momentum acceptance 1 % (e.g. 1%, not ±0.5%) 

Minimum Acceptable purity 99 % 
Additional requirements  [  ] Event-by-event momentum correction from 

  position in A1900 Image 2 measured with 
   [  ] PPAC 
   [  ] Scintillator 
  [  ] Timing start signal from A1900 extended focal plane 

 
Delivery time per table (or 0 hrs for primary/degraded primary beam): 0 hrs   
     
Tuning time to vault: 4 hrs   
     
Total beam preparation time for this beam: 22 hrs   
     
Experimental device tuning time [see note (c) above]:   0 hrs 
S800 [  ]   SeGA [  ]   Sweeper [   ]   Other [   ]      
On-target time excluding device tuning:   56 hrs 
     
Total on-target time for this beam:   56 hrs 

 



BEAM REQUEST WORKSHEET 
Please use a separate sheet for each distinct beam-on-target requested 

 
 

 Beam 
Preparation 

Time 
————— 

Beam- 
On-Target 

Time 
———— 

Primary Beam (from beam list) 
Isotope 48Ca   
Energy 90 MeV/nucleon 

Minimum intensity 0.5 particle-nanoampere 
 

Tuning time (18 hrs; 0 hrs if the beam is already listed in an earlier worksheet): 18 hrs   
 
Beam-On-Target 

Isotope 48Ca   
Energy 90 MeV/nucleon 

Rate 0.5pnA pps/pnA (secondary beam) or pnA (primary beam) 
Total A1900 momentum acceptance 1 % (e.g. 1%, not ±0.5%) 

Minimum Acceptable purity 99 % 
Additional requirements  [  ] Event-by-event momentum correction from 

  position in A1900 Image 2 measured with 
   [  ] PPAC 
   [  ] Scintillator 
  [  ] Timing start signal from A1900 extended focal plane 

 
Delivery time per table (or 0 hrs for primary/degraded primary beam): 0 hrs   
     
Tuning time to vault: 4 hrs   
     
Total beam preparation time for this beam: 22 hrs   
     
Experimental device tuning time [see note (c) above]:   0 hrs 
S800 [  ]   SeGA [  ]   Sweeper [   ]   Other [   ]      
On-target time excluding device tuning:   56 hrs 
     
Total on-target time for this beam:   56 hrs 

 



BEAM REQUEST WORKSHEET 
Please use a separate sheet for each distinct beam-on-target requested 

 
 

 Beam 
Preparation 

Time 
————— 

Beam- 
On-Target 

Time 
———— 

Primary Beam (from beam list) 
Isotope 48Ca   
Energy 50 MeV/nucleon 

Minimum intensity 0.5 particle-nanoampere 
 

Tuning time (18 hrs; 0 hrs if the beam is already listed in an earlier worksheet): 18 hrs   
 
Beam-On-Target 

Isotope 48Ca   
Energy 50 MeV/nucleon 

Rate 0.5pnA pps/pnA (secondary beam) or pnA (primary beam) 
Total A1900 momentum acceptance 1 % (e.g. 1%, not ±0.5%) 

Minimum Acceptable purity 99 % 
Additional requirements  [  ] Event-by-event momentum correction from 

  position in A1900 Image 2 measured with 
   [  ] PPAC 
   [  ] Scintillator 
  [  ] Timing start signal from A1900 extended focal plane 

 
Delivery time per table (or 0 hrs for primary/degraded primary beam): 0 hrs   
     
Tuning time to vault: 4 hrs   
     
Total beam preparation time for this beam: 22 hrs   
     
Experimental device tuning time [see note (c) above]:   0 hrs 
S800 [  ]   SeGA [  ]   Sweeper [   ]   Other [   ]      
On-target time excluding device tuning:   56 hrs 
     
Total on-target time for this beam:   56 hrs 

 



BEAM REQUEST WORKSHEET 
Please use a separate sheet for each distinct beam-on-target requested 

 
 

 Beam 
Preparation 

Time 
————— 

Beam- 
On-Target 

Time 
———— 

Primary Beam (from beam list) 
Isotope 40Ca   
Energy 140 MeV/nucleon 

Minimum intensity 0.5 particle-nanoampere 
 

Tuning time (18 hrs; 0 hrs if the beam is already listed in an earlier worksheet): 18 hrs   
 
Beam-On-Target 

Isotope 40Ca   
Energy 80 MeV/nucleon 

Rate 0.5pnA pps/pnA (secondary beam) or pnA (primary beam) 
Total A1900 momentum acceptance 1 % (e.g. 1%, not ±0.5%) 

Minimum Acceptable purity 99 % 
Additional requirements  [  ] Event-by-event momentum correction from 

  position in A1900 Image 2 measured with 
   [  ] PPAC 
   [  ] Scintillator 
  [  ] Timing start signal from A1900 extended focal plane 

 
Delivery time per table (or 0 hrs for primary/degraded primary beam): 0 hrs   
     
Tuning time to vault: 4 hrs   
     
Total beam preparation time for this beam: 22 hrs   
     
Experimental device tuning time [see note (c) above]:   0 hrs 
S800 [  ]   SeGA [  ]   Sweeper [   ]   Other [   ]      
On-target time excluding device tuning:   56 hrs 
     
Total on-target time for this beam:   56 hrs 

 



BEAM REQUEST WORKSHEET 
Please use a separate sheet for each distinct beam-on-target requested 

 
 

 Beam 
Preparation 

Time 
————— 

Beam- 
On-Target 

Time 
———— 

Primary Beam (from beam list) 
Isotope 48Ca   
Energy 140 MeV/nucleon 

Minimum intensity 0.5 particle-nanoampere 
 

Tuning time (18 hrs; 0 hrs if the beam is already listed in an earlier worksheet): 18 hrs   
 
Beam-On-Target 

Isotope 48Ca   
Energy 80 MeV/nucleon 

Rate 0.5pnA pps/pnA (secondary beam) or pnA (primary beam) 
Total A1900 momentum acceptance 1 % (e.g. 1%, not ±0.5%) 

Minimum Acceptable purity 99 % 
Additional requirements  [  ] Event-by-event momentum correction from 

  position in A1900 Image 2 measured with 
   [  ] PPAC 
   [  ] Scintillator 
  [  ] Timing start signal from A1900 extended focal plane 

 
Delivery time per table (or 0 hrs for primary/degraded primary beam): 0 hrs   
     
Tuning time to vault: 4 hrs   
     
Total beam preparation time for this beam: 22 hrs   
     
Experimental device tuning time [see note (c) above]:   0 hrs 
S800 [  ]   SeGA [  ]   Sweeper [   ]   Other [   ]      
On-target time excluding device tuning:   56 hrs 
     
Total on-target time for this beam:   56 hrs 

 



 BEAM REQUEST WORKSHEET 
Please use a separate sheet for each distinct beam-on-target requested 

 
 

 Beam 
Preparation 

Time 
————— 

Beam- 
On-Target 

Time 
———— 

Primary Beam (from beam list) 
Isotope 18O   
Energy 25 MeV/nucleon 

Minimum intensity 2 particle-nanoampere 
 

Tuning time (18 hrs; 0 hrs if the beam is already listed in an earlier worksheet): 18 hrs   
 
Beam-On-Target 

Isotope 18O   
Energy 25 MeV/nucleon 

Rate 2pnA pps/pnA (secondary beam) or pnA (primary beam) 
Total A1900 momentum acceptance 1 % (e.g. 1%, not ±0.5%) 

Minimum Acceptable purity 95 % 
Additional requirements  [  ] Event-by-event momentum correction from 

  position in A1900 Image 2 measured with 
   [  ] PPAC 
   [  ] Scintillator 
  [  ] Timing start signal from A1900 extended focal plane 

 
Delivery time per table (or 0 hrs for primary/degraded primary beam): 0 hrs   
     
Tuning time to vault: 4 hrs   
     
Total beam preparation time for this beam: 22 hrs   
     
Experimental device tuning time [see note (c) above]:   0 hrs 
S800 [  ]   SeGA [  ]   Sweeper [   ]   Other [   ]      
On-target time excluding device tuning:   8 hrs 
     
Total on-target time for this beam:   8 hrs 

 
 



Please use a separate sheet for each distinct beam-on-target requested 
 
 

 Beam 
Preparation 

Time 
————— 

Beam- 
On-Target 

Time 
———— 

Primary Beam (from beam list) 
Isotope 18O   
Energy 25 MeV/nucleon 

Minimum intensity 2 particle-nanoampere 
 

Tuning time (18 hrs; 0 hrs if the beam is already listed in an earlier worksheet): 18 hrs   
 
Beam-On-Target 

Isotope 18O   
Energy 25 MeV/nucleon 

Rate 2pnA pps/pnA (secondary beam) or pnA (primary beam) 
Total A1900 momentum acceptance 1 % (e.g. 1%, not ±0.5%) 

Minimum Acceptable purity 95 % 
Additional requirements  [  ] Event-by-event momentum correction from 

  position in A1900 Image 2 measured with 
   [  ] PPAC 
   [  ] Scintillator 
  [  ] Timing start signal from A1900 extended focal plane 

 
Delivery time per table (or 0 hrs for primary/degraded primary beam): 0 hrs   
     
Tuning time to vault: 4 hrs   
     
Total beam preparation time for this beam: 22 hrs   
     
Experimental device tuning time [see note (c) above]:   0 hrs 
S800 [  ]   SeGA [  ]   Sweeper [   ]   Other [   ]      
On-target time excluding device tuning:   8 hrs 
     
Total on-target time for this beam:   8 hrs 

 
 
 
 


