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Abstract

This Tech. Note summarizes the outcomes of numerical simulations regarding the dependence on random vertical closed
orbit of polarization transmission through strong resonances in RHIC.
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1 Introduction

This Tech. Note summarizes the outcomes of numerical simulation of strong resonance crossing using RHIC lattice, collision
optics. The regular RHIC snake configuration is used, i.e. 2 snakes at their 3 o’clock and 9 o’clock locations. The working point
used is Qx/Qy=28.685/29.673.

These numerical experiments are performed with, in mind, the 15% polarization loss observed (measured ?) during the ramp
between 100 GeV and 255 GeV, and the possibility for the present simulations to point to possible cause(s).

As a matter of fact, it has been stressed in many occasions that it should be checked with simulations how much the vertical
orbit would need to be in order to affect polarization. The question has been addressed with SPINK in the past 1, yet it has to
be addressed again, following in particular changes on the signs of vertical BPM mechanical offsets which happened in January
2010 2.

A summary of RHIC polarization data over the years is given below, for the record.

Polarization (%)
year (20**)

03 05 06 09 11 12 13 15 17 22
250-255 GeV 34 48 52 53 53 50
100 GeV 34 47 55 56 59 55

1C-AD meeting, 2023
2M. Minty, priv. comm., 2023
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2 Conclusion: Polarization vs. Orbit, Recap Graph

The graph in Fig. 1 summarizes the outcomes of the numerical simulations detailed in Appendix.
Conclusion: a reason for a possible origin for about 10% polarization loss during the ramp beyond 100 GeV, to 250 GeV,

appears to just be RHIC’s regular closed orbit. The latter has a marginal effect up to and including the intrinsic resonance
411−Qy ≈ 381 i.e. 200 GeV, but no longer across 393 +Qy ≈ 220GeV, Fig. 1.

RHIC vertical closed orbit being a possible cause comes as a surprise (to me at least) as one would expect such obvious
cause to have long been explored. Regarding the strongest resonance, 393+Qy: whereas one particular 160µm rms random orbit
sample in the present crossing simulation only yields a low 3% loss (page 9), moving to twice as much instead, i.e. 320µm rms
random orbit, yields 24% loss. A 10% polarization loss through 393+Qy with the present random orbit sample correlates with a
200µm rms defect (Fig. 1).

To bear in mind: different dipole defects (different random seeds) yield different vertical closed orbits and rms excursions.
These may noticeably differ from each other, and so may the depolarizing effect they result in. Here, we tend to consider that a
particular random orbit provides a reasonable estimate of polarization transmission for a particular rms orbit excursion. In some
cases, two or more different orbits are tracked, as a sanity check regarding the latter hypothesis.
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Figure 1: Polarization loss through 411-Qy and
393+Qy resonances, vs. rms closed orbit value. Trans-
verse beam densities are Gaussian, 2.5µm rms, mo-
mentum spread is Gaussian, 7e-4 rms, truncated at
2 sigma. A random orbit of about 200µm, rms, ap-
pears to correlate with a 10% polarization loss through
the strongest resonance, Gγ = 393 + Qy. Losses
across the upstream 411-Qy are marginal.
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Appendix

A Working Hypotheses

In these simulations collision optics is used whatever the energy, for simplicity. This leans on the observation that resonance
spectrum structure and strengths with injection optics do not differ much from collision optics case, in particular non-systematic
resonances have similar strengths as well (as it appears, in spite of a breaking of 3-periodicity with collision optics due to β∗

squeeze at IP6 and IP8).

A.1 Spin Resonance Spectrum, Intrinsic

Intrinsic resonance lines with collision optics are displayed in Fig. 2. Strengths are calculated using [1, Eq. 9.53]{
Re(εintr,±n )

Im(εintr,±n )

}
=

1 +Gγn
4π

∑
Qpoles

{
cos(Gγnαi ± ϕi)
sin(Gγnαi ± ϕi)

}
(KL)i

√
βy,i

εy
π

(1)

for εy = 10πµm. The envelop equation [2, Eq. 5.37]

Sy = 1− 8a2(1− a2), a =
|εn|
λ

sin
πλ

2
, λ = ((Gγ −Gγres.)2 + |ε2n|)1/2 (2)

is used for occasional checks of eigenvector tilt to the vertical across a spin resonance. Sy is the average value of the vertical spin
component in the test proton bunch. In a general manner, the agreement is good (i.e., Sy(Gγ) from Eq. 2 matches the numerical
data), if the numerical value of |εn| is taken as the resonance strength for ≈ εy =rms beam emittance - evaluated for instance
from a prior Froissard-Stora crossing, snakes off [3].
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Figure 2: Strengths of intrinsic resonances, proton, store optics, nominal RHIC tunes Qx/Qy=28.685/29.673.

A.2 Spin Resonance Spectrum, Integer
Generating random dipole orbit errors in zgoubi:

’ERRORS’
1 1 123456
MULTIPOL{VKIC} 1 BP A U 0. 10e3 2 ! consider 10e3 a relative field scaling factor here, dimensionless

This introduces a random dipole field defect, Gaussian with rms value δB = 0.6 kG and 2σ cut-off, in all MULTIPOLEs
labeled VKIC. Typical resulting closed orbits, as used in these simulations, are displayed in Fig. 3. Note that a different random
kicks seed (i.e., a different distribution of random kicks around the ring) may entail a substantially different rms closed orbit
excursion.
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Zgoubi|Zpop                                                                     
11-06-2024                                                                      

* # COORDINATES  - STORAGE FILE, 11-06-2024 02:12:47 *                                                                            

   Z     (m)  vs.  lmnt#                                                                                                          

Mi-ma H/V:   1.00000E+00  6.77500E+03/ -6.70723E-04  7.12459E-04                                                                  
Part#  1- 10000 (*); Lmnt#     1; pass#       1-      7, [    1];  40625 pnts                                                     
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* # COORDINATES  - STORAGE FILE, 11-06-2024 02:16:57 *                                                                            

   Z     (m)  vs.  lmnt#                                                                                                          

Mi-ma H/V:   1.00000E+00  6.77500E+03/ -8.92819E-04  1.03531E-03                                                                  
Part#  1- 10000 (*); Lmnt#     1; pass#       1-      7, [    1];  40625 pnts                                                     
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* # COORDINATES  - STORAGE FILE, 11-06-2024 03:02:52 *                                                                            

   Z     (m)  vs.  lmnt#                                                                                                          

Mi-ma H/V:   1.00000E+00  6.77500E+03/ -4.59142E-04  3.78010E-04                                                                  
Part#  1- 10000 (*); Lmnt#     1; pass#       1-      7, [    1];  40625 pnts                                                     

Figure 3: Vertical closed orbit for vkick=10e3 (arbitrary units) and different random vertical kick series around the ring. The rms
closed orbit value is, left, seed 1: 160µm; center, seed 2: 241µm, right, seed 3: 82µm.

Based on the knowledge of the orbit around the ring, imperfection resonance strengths for a vertical kick series can be
calculated using [1, Eq. 9.51]

εimp
n =

1 +Gγn
4π

∑
Qpoles, i

[cos(Gγnαi) + j sin(Gγnαi)] (KL)i yco(θi) (3)

That series value, εimp
n , may end up very different from one yco(θi) series to another.
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A.3 Spin Matrix at IP6

A sanity check: spin transfer matrix.

Case of flat orbit:

momentum group # 1:

-1.00000 6.158643E-06 -3.528648E-18
-6.158643E-06 -1.00000 -2.223735E-16
-3.530017E-18 -2.223735E-16 1.00000

Determinant = 1.0000000000
Trace = -1.0000000000; spin precession acos((trace-1)/2) = 179.9996471363 deg

Precession axis : ( 0.000000, 0.000000,-1.000000) -> angle to vertical is 180.0000 deg

Spin precession/2pi (or Qs, fractional) : 5.0000E-01

A.4 RF Settings

An acceleration γ̇ = 1 is taken in the simulations, the same value as in RHIC operation.

Zgoubi data are, peak voltage V̂ = 68.94 kV, synchronous
phase φs = 2.96705972839 rad, as follows:

’CAVITE’ accelerating cavity data, for gamma-dot = 1
2 ! option: Synchrotron cavity
3833.84593 360.00 ! closed orbit length; harmonic number
68.94e3 2.96705972839 ! peak voltage (V), synch. phase (rad, 170\,deg)

The display on the right shows actual RHIC operation
data: a peak RF voltage of 33 kV to 35 kV in Run 22,
Bρ-dot=2 in Yellow, 4 in Blue.
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A.5 Initial Bunch; Phase-Space Motion

Particles are launched with Gaussian densities, rms emittances εx/π = εy/π = 2.5µm, rms δp/p = 710−4.
’MCOBJET’
726.55d3 ! G*gamma 416.
3
1
2 2 2 2 2 2
2.53174139E-07 1.49134623E-08 1.73043964E-04 -7.82569406E-05 0. 1.
-0.144116 0.714411 11e-9 3 ! 2.5um norm
-0.043434 0.706684 11e-9 3 ! 2.5um norm
0. 80. 0.4e-4 1 ! rms length 6cm, rms dpp 7e-4

(x,x’) (y,y’) (dl, dp/p)
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* # COORDINATES  - STORAGE FILE, 19-09-2022 11:33:47 *                                                                            

  Y’    (rad) vs.    Y     (m)                                                                                                    

Mi-ma H/V:  -2.60774E-04  2.62171E-04/ -3.73325E-04  3.67555E-04                                                                  
Part#  1- 10000 (*); Lmnt#     1; pass#       1-      1, [    1];  10000 pnts                                                     

Eps/pi, Beta, Alpha :   1.0494E-08  7.0963E-01 -1.4715E-01                      

Zgoubi|Zpop                                                                     
19-09-2022                                                                      

* # COORDINATES  - STORAGE FILE, 19-09-2022 11:33:47 *                                                                            

  Y’    (rad) vs.    Y     (m)                                                                                                    

Mi-ma H/V:  -2.60774E-04  2.62171E-04/ -3.73325E-04  3.67555E-04                                                                  
Part#  1- 10000 (*); Lmnt#     1; pass#       1-      1, [    1];    100 pnts                                                     
Mean:-1.27091E-06; Sigma: 1.22914E-04; X(max):-3.65841E-04                      
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* # COORDINATES  - STORAGE FILE, 19-09-2022 11:33:47 *                                                                            

  Z’    (rad) vs.    Z     (m)                                                                                                    

Mi-ma H/V:  -2.56369E-04  2.57077E-04/ -3.70950E-04  3.73683E-04                                                                  
Part#  1- 10000 (*); Lmnt#     1; pass#       1-      1, [    1];  10000 pnts                                                     

Eps/pi, Beta, Alpha :   1.0471E-08  6.9695E-01 -4.9252E-02                      

Zgoubi|Zpop                                                                     
19-09-2022                                                                      

* # COORDINATES  - STORAGE FILE, 19-09-2022 11:33:47 *                                                                            

  Z’    (rad) vs.    Z     (m)                                                                                                    

Mi-ma H/V:  -2.56369E-04  2.57077E-04/ -3.70950E-04  3.73683E-04                                                                  
Part#  1- 10000 (*); Lmnt#     1; pass#       1-      1, [    1];    100 pnts                                                     
Mean: 1.76600E-06; Sigma: 1.22722E-04; X(max):-3.63429E-04                      
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Figure 4: Initial phase spaces, at IP6. Horizontal and vertical phase spaces are matched to the lattice, longitudinal is not matched
to the accelerating bucket.

Multi-turn monitoring:
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tally, a particle happens to err beyond momentum acceptance here, a few percent of the particles launched happen to be lost in
that manner, after an early ≈ 100, 000 turns, in these simulations.
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B Transmission Versus rms Orbit Excursion, Simulations

Simulations outcomes reported in the following may be (as indicated, for instance in Sect. B.1, case VKICK=10e3) performed
with different sets of vertical dipole field defects (i.e. different series of kicks in the V kickers included in the lattice), which may
result in different rms orbit excursion. The graphs indicate the latter.
In addition, various seeds for the initial, 100+ proton, random object (MCOBJET in zgoubi’s jargon) are tried.

B.1 Case 393 + Qy

Note in the case VKICK=10e3 below, the difference in closed orbit excursion (see Fig. 3, ERRORS seed 1: 160µm vs. ERRORS
seed 2: 241µm) results in a marginal difference in polarization loss. Checking whether this is a general rule requires more
statistics on ERRORS’ VKICK series.

VKICK 40e3, σy = 0.6407mm
100 particles: Pi = 940 Pf = .3 Pf/Pi = 0.3
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"< awk ’{a[FNR]+=$21;n[FNR]++;next}END{for(i=10;i<=length(a);i+=15)print i, a[i], n[i], a[i]/n[i]}’ ./RunP*/zgoubi.fai" u (($1-1) *facN * dE/M*G + Gg0):4
"< awk ’{a[FNR]+=$22;n[FNR]++;next}END{for(i=10;i<=length(a);i+=15)print i, a[i], n[i], a[i]/n[i]}’ ./RunP*/zgoubi.fai" u (($1-1) *facN * dE/M*G + Gg0):4
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Gγ

Polarization from zgoubi.fai series. 
 Qx/Qy=28.685/29.673. rhic/2snakesp/393+Qy/exey2.5

γ

"< awk ’{a[FNR]+=$20;n[FNR]++;next}END{for(i=10;i<=length(a);i+=15)print i, a[i], n[i], a[i]/n[i]}’ ./RunP*/zgoubi.fai" u (($1-1) *facN * dE/M*G + Gg0):4
"< awk ’{a[FNR]+=$21;n[FNR]++;next}END{for(i=10;i<=length(a);i+=15)print i, a[i], n[i], a[i]/n[i]}’ ./RunP*/zgoubi.fai" u (($1-1) *facN * dE/M*G + Gg0):4
"< awk ’{a[FNR]+=$22;n[FNR]++;next}END{for(i=10;i<=length(a);i+=15)print i, a[i], n[i], a[i]/n[i]}’ ./RunP*/zgoubi.fai" u (($1-1) *facN * dE/M*G + Gg0):4

VKICK 5e3, σy = 0.0801mm
MCOBJET seed 1: Pi = −0.9955 Pf = −0.9888 Pf/Pi = 0.993
MCOBJET seed 2: Pi = −0.9948 Pf = −0.9885 Pf/Pi = 0.994
MCOBJET seed 3: Pi = −0.9960 Pf = −0.9885 Pf/Pi = 0.992
seeds 1+2+3 (277 particles): Pf = −0.9957 Pi = −0.9883 Pf/Pi = 0.993
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Gγ

Polarization from zgoubi.fai series. 
 Qx/Qy=28.685/29.673. rhic/2snakesp/393+Qy/exey2.5

γ

"< awk ’{a[FNR]+=$20;n[FNR]++;next}END{for(i=10;i<=length(a);i+=15)print i, a[i], n[i], a[i]/n[i]}’ ./RunP*/zgoubi.fai" u (($1-1) *facN * dE/M*G + Gg0):4
"< awk ’{a[FNR]+=$21;n[FNR]++;next}END{for(i=10;i<=length(a);i+=15)print i, a[i], n[i], a[i]/n[i]}’ ./RunP*/zgoubi.fai" u (($1-1) *facN * dE/M*G + Gg0):4
"< awk ’{a[FNR]+=$22;n[FNR]++;next}END{for(i=10;i<=length(a);i+=15)print i, a[i], n[i], a[i]/n[i]}’ ./RunP*/zgoubi.fai" u (($1-1) *facN * dE/M*G + Gg0):4
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Gγ

Polarization from zgoubi.fai series. 
 Qx/Qy=28.685/29.673. rhic/2snakesp/393+Qy/exey2.5

γ

"< awk ’{a[FNR]+=$20;n[FNR]++;next}END{for(i=10;i<=length(a);i+=15)print i, a[i], n[i], a[i]/n[i]}’ ./RunP*/zgoubi.fai" u (($1-1) *facN * dE/M*G + Gg0):4
"< awk ’{a[FNR]+=$20;n[FNR]++;next}END{for(i=10;i<=length(a);i+=15)print i, a[i], n[i], a[i]/n[i]}’ ./RunP*/zgoubi.fai" u (($1-1) *facN * dE/M*G + Gg0):4
"< awk ’{a[FNR]+=$21;n[FNR]++;next}END{for(i=10;i<=length(a);i+=15)print i, a[i], n[i], a[i]/n[i]}’ ./RunP*/zgoubi.fai" u (($1-1) *facN * dE/M*G + Gg0):4
"< awk ’{a[FNR]+=$22;n[FNR]++;next}END{for(i=10;i<=length(a);i+=15)print i, a[i], n[i], a[i]/n[i]}’ ./RunP*/zgoubi.fai" u (($1-1) *facN * dE/M*G + Gg0):4

VKICK 2.5e3, σy = 0.0400mm
Pi = −0.9958 Pf = −0.9910 Pf/Pi = 0.995
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Polarization from zgoubi.fai series. 
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γ

"< awk ’{a[FNR]+=$20;n[FNR]++;next}END{for(i=10;i<=length(a);i+=15)print i, a[i], n[i], a[i]/n[i]}’ ./RunP*/zgoubi.fai" u (($1-1) *facN * dE/M*G + Gg0):4
"< awk ’{a[FNR]+=$21;n[FNR]++;next}END{for(i=10;i<=length(a);i+=15)print i, a[i], n[i], a[i]/n[i]}’ ./RunP*/zgoubi.fai" u (($1-1) *facN * dE/M*G + Gg0):4
"< awk ’{a[FNR]+=$22;n[FNR]++;next}END{for(i=10;i<=length(a);i+=15)print i, a[i], n[i], a[i]/n[i]}’ ./RunP*/zgoubi.fai" u (($1-1) *facN * dE/M*G + Gg0):4

Flat orbit
Pi = −0.9957 Pf = −0.9920 Pf/Pi = 0.996
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Polarization from zgoubi.fai series. 
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γ

"< awk ’{a[FNR]+=$20;n[FNR]++;next}END{for(i=10;i<=length(a);i+=15)print i, a[i], n[i], a[i]/n[i]}’ ./RunP*/zgoubi.fai" u (($1-1) *facN * dE/M*G + Gg0):4
"< awk ’{a[FNR]+=$21;n[FNR]++;next}END{for(i=10;i<=length(a);i+=15)print i, a[i], n[i], a[i]/n[i]}’ ./RunP*/zgoubi.fai" u (($1-1) *facN * dE/M*G + Gg0):4
"< awk ’{a[FNR]+=$22;n[FNR]++;next}END{for(i=10;i<=length(a);i+=15)print i, a[i], n[i], a[i]/n[i]}’ ./RunP*/zgoubi.fai" u (($1-1) *facN * dE/M*G + Gg0):4

Figure 6: Crossing Gγ = 393 +Qy. εx/π = εy/π = 2.5µm, σdp/p = 710−4. Jobs of about 100 particles.
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B.2 Case 411 - Qy
σy = 1.34mm
Pi = −0.980 Pf = −0.929 Pf/Pi = 0.9480
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γ

"< awk ’{a[FNR]+=$20;n[FNR]++;next}END{for(i=10;i<=length(a);i+=15)print i, a[i], n[i], a[i]/n[i]}’ ../VKIC8_MCOBJET-seed*/RunP*/zgoubi.fai" u (($1-1) *facN * dE/M*G + Gg0):4
"< awk ’{a[FNR]+=$20;n[FNR]++;next}END{for(i=10;i<=length(a);i+=15)print i, a[i], n[i], a[i]/n[i]}’ ../VKIC8_MCOBJET-seed*/RunP*/zgoubi.fai" u (($1-1) *facN * dE/M*G + Gg0):4
"< awk ’{a[FNR]+=$21;n[FNR]++;next}END{for(i=10;i<=length(a);i+=15)print i, a[i], n[i], a[i]/n[i]}’ ../VKIC8_MCOBJET-seed*/RunP*/zgoubi.fai" u (($1-1) *facN * dE/M*G + Gg0):4
"< awk ’{a[FNR]+=$22;n[FNR]++;next}END{for(i=10;i<=length(a);i+=15)print i, a[i], n[i], a[i]/n[i]}’ ../VKIC8_MCOBJET-seed*/RunP*/zgoubi.fai" u (($1-1) *facN * dE/M*G + Gg0):4

σy = 0.988mm
Pi = −0.985 Pf = −0.955 Pf/Pi = 0.970
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Gγ

Polarization from zgoubi.fai series. 
 Qx/Qy=28.685/29.673. rhic/2snakesp/411-Qy/exey2.5

γ

"< awk ’{a[FNR]+=$20;n[FNR]++;next}END{for(i=10;i<=length(a);i+=15)print i, a[i], n[i], a[i]/n[i]}’ ./RunP*/zgoubi.fai" u (($1-1) *facN * dE/M*G + Gg0):4
"< awk ’{a[FNR]+=$20;n[FNR]++;next}END{for(i=10;i<=length(a);i+=15)print i, a[i], n[i], a[i]/n[i]}’ ./RunP*/zgoubi.fai" u (($1-1) *facN * dE/M*G + Gg0):4
"< awk ’{a[FNR]+=$21;n[FNR]++;next}END{for(i=10;i<=length(a);i+=15)print i, a[i], n[i], a[i]/n[i]}’ ./RunP*/zgoubi.fai" u (($1-1) *facN * dE/M*G + Gg0):4
"< awk ’{a[FNR]+=$22;n[FNR]++;next}END{for(i=10;i<=length(a);i+=15)print i, a[i], n[i], a[i]/n[i]}’ ./RunP*/zgoubi.fai" u (($1-1) *facN * dE/M*G + Gg0):4

σy = 0.65mm
Pi = −0.989 Pf = −0.985 Pf/Pi = 0.996
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Polarization from zgoubi.fai series. 
 Qx/Qy=28.685/29.673. rhic/2snakesp/411-Qy/exey2.5

γ

"< awk ’{a[FNR]+=$20;n[FNR]++;next}END{for(i=10;i<=length(a);i+=15)print i, a[i], n[i], a[i]/n[i]}’ ./RunP*/zgoubi.fai" u (($1-1) *facN * dE/M*G + Gg0):4
"< awk ’{a[FNR]+=$20;n[FNR]++;next}END{for(i=10;i<=length(a);i+=15)print i, a[i], n[i], a[i]/n[i]}’ ./RunP*/zgoubi.fai" u (($1-1) *facN * dE/M*G + Gg0):4
"< awk ’{a[FNR]+=$21;n[FNR]++;next}END{for(i=10;i<=length(a);i+=15)print i, a[i], n[i], a[i]/n[i]}’ ./RunP*/zgoubi.fai" u (($1-1) *facN * dE/M*G + Gg0):4
"< awk ’{a[FNR]+=$22;n[FNR]++;next}END{for(i=10;i<=length(a);i+=15)print i, a[i], n[i], a[i]/n[i]}’ ./RunP*/zgoubi.fai" u (($1-1) *facN * dE/M*G + Gg0):4

σy = 0.16474mm
Pi = −0.989 Pf = −0.988 Pf/Pi = 0.999
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Polarization from zgoubi.fai series. 
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γ

"< awk ’{a[FNR]+=$20;n[FNR]++;next}END{for(i=10;i<=length(a);i+=15)print i, a[i], n[i], a[i]/n[i]}’ ./RunP*/zgoubi.fai" u (($1-1) *facN * dE/M*G + Gg0):4
"< awk ’{a[FNR]+=$20;n[FNR]++;next}END{for(i=10;i<=length(a);i+=15)print i, a[i], n[i], a[i]/n[i]}’ ./RunP*/zgoubi.fai" u (($1-1) *facN * dE/M*G + Gg0):4
"< awk ’{a[FNR]+=$21;n[FNR]++;next}END{for(i=10;i<=length(a);i+=15)print i, a[i], n[i], a[i]/n[i]}’ ./RunP*/zgoubi.fai" u (($1-1) *facN * dE/M*G + Gg0):4
"< awk ’{a[FNR]+=$22;n[FNR]++;next}END{for(i=10;i<=length(a);i+=15)print i, a[i], n[i], a[i]/n[i]}’ ./RunP*/zgoubi.fai" u (($1-1) *facN * dE/M*G + Gg0):4

Flat orbit
Pi = Pf = −0.990 Pf/Pi = 1
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Polarization from zgoubi.fai series. 
 Qx/Qy=28.685/29.673. rhic/2snakesp/411-Qy/exey2.5

γ

"< awk ’{a[FNR]+=$20;n[FNR]++;next}END{for(i=10;i<=length(a);i+=15)print i, a[i], n[i], a[i]/n[i]}’ ./RunP*/zgoubi.fai" u (($1-1) *facN * dE/M*G + Gg0):4
"< awk ’{a[FNR]+=$20;n[FNR]++;next}END{for(i=10;i<=length(a);i+=15)print i, a[i], n[i], a[i]/n[i]}’ ./RunP*/zgoubi.fai" u (($1-1) *facN * dE/M*G + Gg0):4
"< awk ’{a[FNR]+=$21;n[FNR]++;next}END{for(i=10;i<=length(a);i+=15)print i, a[i], n[i], a[i]/n[i]}’ ./RunP*/zgoubi.fai" u (($1-1) *facN * dE/M*G + Gg0):4
"< awk ’{a[FNR]+=$22;n[FNR]++;next}END{for(i=10;i<=length(a);i+=15)print i, a[i], n[i], a[i]/n[i]}’ ./RunP*/zgoubi.fai" u (($1-1) *facN * dE/M*G + Gg0):4

Figure 7: Crossing Gγ = 411−Qy. εx/π = εy/π = 2.5µm, σdp/p = 710−4. Jobs of about 100 particles.
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