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1 Introduciton

eRHIC ERL with its two recirculation loops alongside RHIC. The top left box
shows a cross-section of the FFAG1 (low energy) and FFAG2 (high energy) re-
circulating loops. The 1.322 GeV linac is located in RHIC IR2,it is connected
to the FFAG loops by a merger section (resp. spreader) at its upstream (resp.
downstream) end.

5.3
up−→ 21.164

down−→ 5.3GeV
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2 FFAG2 loop

• Quadrupole doublet optics

Orbits in QF
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• SR induced∆E and σE, from cell geometry. Comparison with Monte Carlo
tracking
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 (6.622 to 21.164 GeV lattice. Jul 2015)
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The solid lines are from theoretical model, Eq. 5 and Eq. 2, they cover 67different energies evenly spread in
[6.622,21.164]GeV.

∆E[MeV ] = ∆EQF +∆EBD ≈ 0.96× 10−15γ4(
θQF

|ρQF|
+

θBD
|ρBD|

) over cell ×6arcs×120cells−→ over ring (1)

σE ≈
√

σ2
E,QF + σ2

E,BD ≈ 1.94× 10−14γ7/2

√

θQF

ρQF
2
+

θBD
ρBD

2
over cell

√
×6arcs×120cells−→ over ring (2)

“Monte Carlo” data at design energies (square markers) are shown for comparison, taken from104 particle tracking
in a single cell, and then×6arcs×120cells for energy loss, or×

√
6arcs×120cells for energy spread.
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• End-to-end (6.6211×1.322→ 21.16
11×(−1.322)→ 6.62 GeV) in a 6-arc ring

The game here : a 1000- or 5000-particle bunch is launched for a 23 FFAG-loop up-down cycle.

• Initial emittances : ≈ 50µm ; initial dp/p : random uniform in [−3× 10−4,+3× 10−4].
• SR is compensated at end of each turn, based on Eqs. in slide #4
• The bunch is re-centered on the theoretical FFAG orbit after each turn.
• In the figure, red curves, left V axis : horizontal emittance ;blue curves, right V axis : vertical
emittance

Reason for the various similar curves in the plot below :
Comparing convergence for different numbers of particles (1k, 5k and 10k), and different step
sizes (1cm and 3cm). Conclusion to this comparison : no big difference, the main effect is rather
slight translation of the curves.

 48

 50

 52

 54

 56

 58

 60

 62

 64

 66

 68

 15  20  25  30  35  40  45

 49

 50

 51

 52

 53

 54

 55

 56

 57

 58

 8  10  12  14  16  18  20

ε x
,
 
n
o
r
m
.
 
(

µm
)

ε y
,
 
n
o
r
m
.
 
(

µm
)

aγ

EMITTANCES

E (GeV)

εx, 1k
εx, 5k

εx, 10k
εx, 3cm

εy, 1k
εy, 5k

εy, 10k
εy, 3cm



F
FA

G
’16

W
orkshop,Im

perialC
ollege,London,6-9

S
eptem

ber
2016

• Evolution of longitudinal emittance, bunch is tracked over a 23-loop end-to-end up-down cycle
in a simplified 6-arc ring (6.622

up→ 21.164down→ 6.622 GeV).

Initial conditions are : ǫx = ǫy = 50 πµm normalized, δE/E uniform random in ±3 10−4 and
σl = 0.
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• Some values (orders of magnitude) regarding the cumulated effect of SR on transverse and
longitudinal motions, at top energy and back to 6.62 GeV, in a6× 120 cell ring. The “6.622

(start)” rows give the initial conditions in the two tracking simulation s.

bunch energy ǫx/π, norm. ǫy/π, norm ǫl/π
σE
E σl

(GeV) (µm) (µm) (µeV.s) (10−4) (mm)

Initial point object
6.622 (start) 0 0 0 0 0
21.16 2.7 0 4.2 3 0.3
6.62 (down end) 4.4 0 7.5 11 0.8

Initial extended object
6.622 (start) 50 50 0 ±3, unif. 0
21.16 59 50 6 3 0.4
6.62 (down end) 65 52 10 11 0.9
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• Spin diffusion on the way up

Solution of the diffusion equations [cf. V. Ptitsyn, EIC’14]:

V = MV0 +W, V =





∆E2

∆E∆φ

∆φ2




Cst field
=⇒





∆E2

∆E∆φ

∆φ2



 =





1 0 0
αs 1 0
α2s2 2αs 1









∆E2

∆E∆φ

∆φ2





s=0

+ ω ×





s

αs2/2
α2s3/3





whereω = C
ρ3
λ̄creγ

5E2 ≈ 1.44× 10−27γ
5

ρ3
E2

(with λ̄c = ~/mec the electron Compton wavelength,C = 110
√
3/144),

α = a
ρE0

≈ 1
0.4406ρ (with a = 1.16 × 10−3 anomalous gyromagnetic factor, electron massE0 =

0.511× 10−3 GeV).

Assuming






∆E2

∆E∆φ

∆φ2






s=0

= 0 yields for instance :

σE = ∆E2
1/2

= (ωs)1/2, σφ = ∆φ2
1/2

=

√

ωα2s3
3

1/2

= αs√
3
σE =

ασ3
E√
3ω
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• Tracking polarization in a 6-arc loop
Starting spins are all aligned, horizontal, they precess around vertical ~B at a rate
Gγα

Cumulated effect over turns, vs. energy :
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3 Linac

• Chambers matrices are used (same as simulation in CEBAF linacs,for instance)

to transport the bunch in the 42 cavities of the 120 m long linac

• For both planes, 1 cavity :

(
x

x′

)

out

=





cos(u)−
√
2 sin(u) cos(φ) vWi sin(u) cos(φ)

−sin(u)
vWo

(2 cos(φ) + 1
cos(φ)

) 1
WoWi

(cos(u) +
√
2 sin(u) cos(φ))





(
x

x′

)

in

(3)

with u = log(Wo/Wi)/(
√
8 cos(φ)), v =

√
8Lcav/(Wo −Wi), Wi, Wo respectively the incoming and

outgoing kinetic energies,Lcav the cavity length,φ the particle phase at the cavity.

• If ∆W/W ≪ 1 this can be simplified in

(
x

x′

)

out

=

( √

(Wi/Wo) Lcav ×
√

(Wi/Wo)

0.
√

(Wi/Wo)

)(
x

x′

)

in

(4)
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• Now check tracking over two different passes in linac

- Normalized emittances considered are25πµm. Initial bunch length 4 mm, ∆E/E ≈ ±6× 10−4.

Low energy linac pass, 5.3→6.62 GeV

Phase spaces in and out of linac, beam bundle along linac :
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• Initial ∆E/E = ±4/6622.
• Energy vs. distance
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* # COORDINATES  - STORAGE FILE, 17-10-0015 12:12:17 *                                                                            

KinEnr  (MeV) vs.    s     (m)                                                                                                    

Mi-ma H/V:  -1.967E-03   119.    /  6.610E+03  7.955E+03                                                                          
Part#  1- 10000 (*); Lmnt#     1; pass#       1-      1, [    1];  83958 pnts                                                     

• Longitudinal phase space in and out of linac.
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* # COORDINATES  - STORAGE FILE, 17-10-0015 12:43:19 *                                                                            

KinEnr  (MeV) vs.    s     (m)                                                                                                    

Mi-ma H/V:  -1.976E-03  2.010E-03/  -4.12       4.10                                                                              
Part#  1- 10000 (*); Lmnt#     1; pass#       1-      1, [    1];   4999 pnts                                                     
Eps/pi, Beta, Alpha :   6.3559E-06  1.5898E-06  1.7671E-02                      

Zgoubi|Zpop                                                                     17-10-2015                                                                      

* # COORDINATES  - STORAGE FILE, 17-10-0015 12:43:19 *                                                                            

KinEnr  (MeV) vs.    s     (m)                                                                                                    

Mi-ma H/V:  -1.976E-03  2.010E-03/  -4.12       4.10                                                                              
Part#  1- 10000 (*); Lmnt#     1; pass#       1-      1, [    1];    100 pnts                                                     
Mean:  6622.0    ; Sigma:  1.9998    ; X(max): -6626.0                          
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* # COORDINATES  - STORAGE FILE, 17-10-0015 12:44:40 *                                                                            

KinEnr  (MeV) vs.    s     (m)                                                                                                    

Mi-ma H/V:  -1.976E-03  2.010E-03/  -4.09       4.15                                                                              
Part#  1- 10000 (*); Lmnt#   219; pass#       1-      1, [    1];   4990 pnts                                                     
Eps/pi, Beta, Alpha :   6.3459E-06  1.5825E-06 -5.0695E-02                      

Zgoubi|Zpop                                                                     17-10-2015                                                                      

* # COORDINATES  - STORAGE FILE, 17-10-0015 12:44:40 *                                                                            

KinEnr  (MeV) vs.    s     (m)                                                                                                    

Mi-ma H/V:  -1.976E-03  2.010E-03/  -4.09       4.15                                                                              
Part#  1- 10000 (*); Lmnt#   219; pass#       1-      1, [    1];    100 pnts                                                     
Mean:  7943.9    ; Sigma:  2.0033    ; X(max): -7947.9                          
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High energy linac pass, 19.8→21.16 GeV

• Phase spaces in and out of linac, and beam bundle along linac :
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* # COORDINATES  - STORAGE FILE, 17-10-0015 15:46:02 *                                                                            

  Y’    (rad) vs.    Y     (m)                                                                                                    

Mi-ma H/V:  -9.418E-04  9.973E-04/ -1.217E-05  1.042E-05                                                                          
Part#  1- 10000 (*); Lmnt#     4; pass#       1-      1, [    1];   4994 pnts                                                     
Eps/pi, Beta, Alpha :   6.2498E-10  1.2067E+02  9.9655E-01                      

Zgoubi|Zpop                                                                     17-10-2015                                                                      

* # COORDINATES  - STORAGE FILE, 17-10-0015 15:46:02 *                                                                            

  Y’    (rad) vs.    Y     (m)                                                                                                    

Mi-ma H/V:  -9.418E-04  9.973E-04/ -1.217E-05  1.042E-05                                                                          
Part#  1- 10000 (*); Lmnt#     4; pass#       1-      1, [    1];    100 pnts                                                     
Mean:-3.39818E-08; Sigma: 3.22917E-06; X(max):-1.19377E-05                      

Zgoubi|Zpop                                                                     17-10-2015                                                                      

* # COORDINATES  - STORAGE FILE, 17-10-0015 15:46:02 *                                                                            

  Y’    (rad) vs.    Y     (m)                                                                                                    

Mi-ma H/V:  -9.418E-04  9.973E-04/ -1.217E-05  1.042E-05                                                                          
Part#  1- 10000 (*); Lmnt#   219; pass#       1-      1, [    1];   4996 pnts                                                     
Eps/pi, Beta, Alpha :   5.9008E-10  1.1759E+02 -9.7054E-01                      

Zgoubi|Zpop                                                                     17-10-2015                                                                      

* # COORDINATES  - STORAGE FILE, 17-10-0015 15:46:02 *                                                                            

  Y’    (rad) vs.    Y     (m)                                                                                                    

Mi-ma H/V:  -9.418E-04  9.973E-04/ -1.217E-05  1.042E-05                                                                          
Part#  1- 10000 (*); Lmnt#   219; pass#       1-      1, [    1];    100 pnts                                                     
Mean:-3.29679E-08; Sigma: 3.13282E-06; X(max): 1.51702E-07                      
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Zgoubi|Zpop                                                                     17-10-2015                                                                      

* # COORDINATES  - STORAGE FILE, 17-10-0015 15:46:02 *                                                                            

  Z’    (rad) vs.    Z     (m)                                                                                                    

Mi-ma H/V:  -9.418E-04  9.973E-04/ -1.217E-05  1.042E-05                                                                          
Part#  1- 10000 (*); Lmnt#   219; pass#       1-      1, [    1];   4998 pnts                                                     
Eps/pi, Beta, Alpha :   5.8287E-10  1.1885E+02 -9.6759E-01                      

Zgoubi|Zpop                                                                     17-10-2015                                                                      

* # COORDINATES  - STORAGE FILE, 17-10-0015 15:46:02 *                                                                            

  Z’    (rad) vs.    Z     (m)                                                                                                    

Mi-ma H/V:  -9.418E-04  9.973E-04/ -1.217E-05  1.042E-05                                                                          
Part#  1- 10000 (*); Lmnt#   219; pass#       1-      1, [    1];    100 pnts                                                     
Mean:-4.26221E-08; Sigma: 3.08435E-06; X(max): 1.51702E-07                      

Zgoubi|Zpop                                                                     17-10-2015                                                                      

* # COORDINATES  - STORAGE FILE, 17-10-0015 15:46:02 *                                                                            

  Z’    (rad) vs.    Z     (m)                                                                                                    

Mi-ma H/V:  -9.418E-04  9.973E-04/ -1.217E-05  1.042E-05                                                                          
Part#  1- 10000 (*); Lmnt#     4; pass#       1-      1, [    1];   4995 pnts                                                     
Eps/pi, Beta, Alpha :   6.1728E-10  1.1909E+02  9.6925E-01                      

Zgoubi|Zpop                                                                     17-10-2015                                                                      

* # COORDINATES  - STORAGE FILE, 17-10-0015 15:46:02 *                                                                            

  Z’    (rad) vs.    Z     (m)                                                                                                    

Mi-ma H/V:  -9.418E-04  9.973E-04/ -1.217E-05  1.042E-05                                                                          
Part#  1- 10000 (*); Lmnt#     4; pass#       1-      1, [    1];    100 pnts                                                     
Mean:-4.39327E-08; Sigma: 3.17921E-06; X(max): 1.51702E-07                      
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* # COORDINATES  - STORAGE FILE, 17-10-0015 16:01:58 *                                                                            

   Y     (m)  vs.    s     (m)                                                                                                    

Mi-ma H/V:  -1.926E-03   119.    / -7.919E-04  7.207E-04                                                                          
Part#  1- 10000 (*); Lmnt#     1; pass#       1-      1, [    1];  12558 pnts                                                     
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Zgoubi|Zpop                                                                     17-10-2015                                                                      

* # COORDINATES  - STORAGE FILE, 17-10-0015 16:01:58 *                                                                            

   Z     (m)  vs.    s     (m)                                                                                                    

Mi-ma H/V:  -0.244       119.    / -7.678E-04  8.043E-04                                                                          
Part#  1- 10000 (*); Lmnt#     1; pass#       1-      1, [    1];  12842 pnts                                                     
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• Initial ∆E/E = ±4/6622.
• Energy vs. distance
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Zgoubi|Zpop                                                                     17-10-2015                                                                      

* # COORDINATES  - STORAGE FILE, 17-10-0015 16:01:58 *                                                                            

KinEnr  (MeV) vs.    s     (m)                                                                                                    

Mi-ma H/V:  -0.243       119.    /  1.984E+04  2.117E+04                                                                          
Part#  1- 10000 (*); Lmnt#     1; pass#       1-      1, [    1];  12856 pnts                                                     

• Longitudinal phase space in and out of linac.
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Zgoubi|Zpop                                                                     17-10-2015                                                                      

* # COORDINATES  - STORAGE FILE, 17-10-0015 16:00:20 *                                                                            

KinEnr  (MeV) vs.    s     (m)                                                                                                    

Mi-ma H/V:  -1.976E-03  2.010E-03/  -4.12       4.10                                                                              
Part#  1- 10000 (*); Lmnt#     4; pass#       1-      1, [    1];   4998 pnts                                                     
Eps/pi, Beta, Alpha :   6.3544E-06  1.5891E-06  1.7674E-02                      

Zgoubi|Zpop                                                                     17-10-2015                                                                      

* # COORDINATES  - STORAGE FILE, 17-10-0015 16:00:20 *                                                                            

KinEnr  (MeV) vs.    s     (m)                                                                                                    

Mi-ma H/V:  -1.976E-03  2.010E-03/  -4.12       4.10                                                                              
Part#  1- 10000 (*); Lmnt#     4; pass#       1-      1, [    1];    100 pnts                                                     
Mean:  19842.    ; Sigma:  1.9998    ; X(max): -19846.                          
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Zgoubi|Zpop                                                                     17-10-2015                                                                      

* # COORDINATES  - STORAGE FILE, 17-10-0015 16:00:20 *                                                                            

KinEnr  (MeV) vs.    s     (m)                                                                                                    

Mi-ma H/V:  -1.976E-03  2.010E-03/  -4.09       4.15                                                                              
Part#  1- 10000 (*); Lmnt#   219; pass#       1-      1, [    1];   4998 pnts                                                     
Eps/pi, Beta, Alpha :   6.3583E-06  1.5881E-06 -5.0886E-02                      

Zgoubi|Zpop                                                                     17-10-2015                                                                      

* # COORDINATES  - STORAGE FILE, 17-10-0015 16:00:20 *                                                                            

KinEnr  (MeV) vs.    s     (m)                                                                                                    

Mi-ma H/V:  -1.976E-03  2.010E-03/  -4.09       4.15                                                                              
Part#  1- 10000 (*); Lmnt#   219; pass#       1-      1, [    1];    100 pnts                                                     
Mean:  21164.    ; Sigma:  2.0033    ; X(max): -21168.                          
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4 Spreader/merger lines
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Optical functions in the 21.164 GeV spreader line (connected to the linac to the left, to the
FFAG2 loop to the right). βx = βy = 120 m and αx = αy = 1 to the left, and (FFAG loop side)

αx = αy = 0, βx = 3.5659 m, βy = 26.1247 m, Dx = 5.46× 10−2 m, D′
x = 0 to the right.

• The symmetric of this line is taken for the 21.164 GeV merger.

• That very line is used for all energies, with magnet settings scaled accordingly.

• Note : some local discontinuities are observed in the optical functions, artifacts.
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5 Multiturn optics

• The lattice in the up-down ERL tracking simulations has the following form

ERL = merger +
Observation point

↓ linac + spreader
︸ ︷︷ ︸

RHIC IR2 region

+ FFAG2

with

LINAC : 42 cavities

spreader / merger : all lines identical, scaled in rigidity

FFAG2 = ARC−DS− 1
2LSS +

[
1

2
LSS−DS−ARC−DS−1

2
LSS

]

︸ ︷︷ ︸
4 times

+ 1
2LSS−DS−ARC

and

ARC = 102 × [12BD− drift − QF− drift − 1
2BD]

LSS : 52 quadrupole-doublet cells

DS : 18 transition FFAG cells
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• Orbits and optical functions : complete transport of initia l values

5.3 to 21.1 GeV - 12 loops
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• DETAILS - make sure cumulating the many optical segments ends up in consistent start-to-end
lattice

• 5.3 to 6.622 GeV linac pass
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• 9.2 to 11.9 GeV linac passes
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• Exit of 6.622 spreader line
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• Entrance of 10.5 GeV merger line
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• 19.842 to 21.164 GeV linac pass
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• Merger region at 21.164 GeV, start of deceleration cycle
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• Conclusion of this optics “tour” : transport of the initial orbit an d optical funcitons over the 12
passes behaves correctly.
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6 Bunch tracking : Twelve linac passes and loops,up

Working hypotheses

In addition to the optical settings reviewed, namely,







FFAG2 loop

Linac

spreader/merger

, we consider the fol-

lowing :

• Artificial beam centroid centering is applied (Zgoubi’s “AUTORE F”) as follows :

- at entrance of linac(i.e., exit of any merger line) : bunch centering on linac axis,phase set on
RF crest

- at exit of any splitter : horizontal centering on appropriate FFAG orbit and on design mo-
mentum

- at entry into any merger : horizontal (x,x’) and vertical (y,y’) centering on zero, momentum
centering (that compensates SR loss)

- at downstream end of all dispersion suppressors(i.e., from arc to straight, at straight en-
trance) : horizontal (x,x’) and vertical (y,y’) centering on LSS axis.

- SR is maintained off, always, in spreader and merger lines
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• Beam ellipses at linac ends

• One hundred particles evenly distributed on paraxial invariant (either H or V) with β = 120 m,
α = 1 are launched at linac entrance with E=5.3 GeV, for 12 linac-passtracking up to 21.164 GeV.

Result : Optical function values do remainβ = 120 m, α = 1 at % level, both planes, all the
way, figure below

A superimposition of H ellipses (converging) and V ellipses (diverging) observed at
linac ends

at the 12 linac passes (linac damping has been inhibited).
Obtained from the tracking of 100 particles launched evenly spread on a common

invariant at 5.300 GeV.
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• Initial 23µm transverse, zero longitudinal

- No SR

LINAC DAMPING OFF

(x,x’), AT LINAC ENDS
5.300 AND 6.622 GeV
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Zgoubi|Zpop                                                                     22-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 22-11-0015 11:19:47 *                                                                            

  Y’    (rad) vs.    Y     (m)                                                                                                    

Part#  1- 10000 (*); Lmnt#     9; pass#       1-      1, [    1];   1999 pnts                                                     
Eps/pi, Beta, Alpha :   2.2187E-09  1.2129E+02  9.9115E-01                      

Zgoubi|Zpop                                                                     22-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 22-11-0015 11:19:47 *                                                                            

  Y’    (rad) vs.    Y     (m)                                                                                                    

Part#  1- 10000 (*); Lmnt#     9; pass#       1-      1, [    1];    100 pnts                                                     

Zgoubi|Zpop                                                                     22-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 22-11-0015 11:19:47 *                                                                            

  Y’    (rad) vs.    Y     (m)                                                                                                    

Part#  1- 10000 (*); Lmnt#   222; pass#       1-      1, [    1];   1999 pnts                                                     
Eps/pi, Beta, Alpha :   2.2187E-09  1.1737E+02 -9.5828E-01                      

Zgoubi|Zpop                                                                     22-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 22-11-0015 11:19:47 *                                                                            

  Y’    (rad) vs.    Y     (m)                                                                                                    

Part#  1- 10000 (*); Lmnt#   222; pass#       1-      1, [    1];    100 pnts                                                     

10.5 AND 11.9 GeV

-.002 -.001 0.0 0.001 0.002

-0.2
E-4

-0.15
E-4

-0.1
E-4

-0.5
E-5

0.0

0.5
E-5

0.1
E-4

0.15
E-4

0.2
E-4

0.25
E-4

Zgoubi|Zpop                                                                     22-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 22-11-0015 11:19:47 *                                                                            

  Y’    (rad) vs.    Y     (m)                                                                                                    

Part#  1- 10000 (*); Lmnt#     9; pass#       5-      5, [    1];   1999 pnts                                                     
Eps/pi, Beta, Alpha :   2.2191E-09  1.1952E+02  1.0155E+00                      

Zgoubi|Zpop                                                                     22-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 22-11-0015 11:19:47 *                                                                            

  Y’    (rad) vs.    Y     (m)                                                                                                    

Part#  1- 10000 (*); Lmnt#     9; pass#       5-      5, [    1];    100 pnts                                                     

Zgoubi|Zpop                                                                     22-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 22-11-0015 11:19:47 *                                                                            

  Y’    (rad) vs.    Y     (m)                                                                                                    

Part#  1- 10000 (*); Lmnt#   222; pass#       5-      5, [    1];   1999 pnts                                                     
Eps/pi, Beta, Alpha :   2.2191E-09  1.1906E+02 -1.0117E+00                      

Zgoubi|Zpop                                                                     22-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 22-11-0015 11:19:47 *                                                                            

  Y’    (rad) vs.    Y     (m)                                                                                                    

Part#  1- 10000 (*); Lmnt#   222; pass#       5-      5, [    1];    100 pnts                                                     

19.8 AND 21.2 GeV
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Zgoubi|Zpop                                                                     
26-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 26-11-0015 14:29:38 *                                                                            

  Y’    (rad) vs.    Y     (m)                                                                                                    

Mi-ma H/V:  -2.500E-03  2.500E-03/ -2.500E-05  2.500E-05                                                                          
Eps/pi, Beta, Alpha :   2.2157E-09  1.1890E+02  1.0500E+00                      

Zgoubi|Zpop                                                                     
26-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 26-11-0015 14:29:38 *                                                                            

  Y’    (rad) vs.    Y     (m)                                                                                                    

Mi-ma H/V:  -2.500E-03  2.500E-03/ -2.500E-05  2.500E-05                                                                          

Zgoubi|Zpop                                                                     
26-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 26-11-0015 14:29:38 *                                                                            

  Y’    (rad) vs.    Y     (m)                                                                                                    

Mi-ma H/V:  -2.500E-03  2.500E-03/ -2.500E-05  2.500E-05                                                                          
Eps/pi, Beta, Alpha :   2.2157E-09  1.1998E+02 -1.0591E+00                      

Zgoubi|Zpop                                                                     
26-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 26-11-0015 14:29:38 *                                                                            

  Y’    (rad) vs.    Y     (m)                                                                                                    

Mi-ma H/V:  -2.500E-03  2.500E-03/ -2.500E-05  2.500E-05                                                                          

(y,y’), AT LINAC ENDS
5.300 AND 6.622 GeV
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Zgoubi|Zpop                                                                     22-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 22-11-0015 11:19:47 *                                                                            

  Z’    (rad) vs.    Z     (m)                                                                                                    

Part#  1- 10000 (*); Lmnt#     9; pass#       1-      1, [    1];   1999 pnts                                                     
Eps/pi, Beta, Alpha :   2.1957E-09  1.1874E+02  9.8262E-01                      

Zgoubi|Zpop                                                                     22-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 22-11-0015 11:19:47 *                                                                            

  Z’    (rad) vs.    Z     (m)                                                                                                    

Part#  1- 10000 (*); Lmnt#     9; pass#       1-      1, [    1];    100 pnts                                                     

Zgoubi|Zpop                                                                     22-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 22-11-0015 11:19:47 *                                                                            

  Z’    (rad) vs.    Z     (m)                                                                                                    

Part#  1- 10000 (*); Lmnt#   222; pass#       1-      1, [    1];   1999 pnts                                                     
Eps/pi, Beta, Alpha :   2.1957E-09  1.1984E+02 -9.9184E-01                      

Zgoubi|Zpop                                                                     22-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 22-11-0015 11:19:47 *                                                                            

  Z’    (rad) vs.    Z     (m)                                                                                                    

Part#  1- 10000 (*); Lmnt#   222; pass#       1-      1, [    1];    100 pnts                                                     

10.5 AND 11.9 GeV
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Zgoubi|Zpop                                                                     22-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 22-11-0015 11:19:47 *                                                                            

  Z’    (rad) vs.    Z     (m)                                                                                                    

Part#  1- 10000 (*); Lmnt#     9; pass#       5-      5, [    1];   1999 pnts                                                     
Eps/pi, Beta, Alpha :   2.1947E-09  1.2227E+02  1.0361E+00                      

Zgoubi|Zpop                                                                     22-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 22-11-0015 11:19:47 *                                                                            

  Z’    (rad) vs.    Z     (m)                                                                                                    

Part#  1- 10000 (*); Lmnt#     9; pass#       5-      5, [    1];    100 pnts                                                     

Zgoubi|Zpop                                                                     22-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 22-11-0015 11:19:47 *                                                                            

  Z’    (rad) vs.    Z     (m)                                                                                                    

Part#  1- 10000 (*); Lmnt#   222; pass#       5-      5, [    1];   1999 pnts                                                     
Eps/pi, Beta, Alpha :   2.1947E-09  1.1636E+02 -9.8655E-01                      

Zgoubi|Zpop                                                                     22-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 22-11-0015 11:19:47 *                                                                            

  Z’    (rad) vs.    Z     (m)                                                                                                    

Part#  1- 10000 (*); Lmnt#   222; pass#       5-      5, [    1];    100 pnts                                                     

19.8 AND 21.2 GeV
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Zgoubi|Zpop                                                                     
26-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 26-11-0015 14:29:38 *                                                                            

  Z’    (rad) vs.    Z     (m)                                                                                                    

Mi-ma H/V:  -2.500E-03  2.500E-03/ -2.500E-05  2.500E-05                                                                          
Eps/pi, Beta, Alpha :   2.2013E-09  1.2556E+02  1.0147E+00                      

Zgoubi|Zpop                                                                     
26-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 26-11-0015 14:29:38 *                                                                            

  Z’    (rad) vs.    Z     (m)                                                                                                    

Mi-ma H/V:  -2.500E-03  2.500E-03/ -2.500E-05  2.500E-05                                                                          

Zgoubi|Zpop                                                                     
26-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 26-11-0015 14:29:38 *                                                                            

  Z’    (rad) vs.    Z     (m)                                                                                                    

Mi-ma H/V:  -2.500E-03  2.500E-03/ -2.500E-05  2.500E-05                                                                          
Eps/pi, Beta, Alpha :   2.2013E-09  1.1347E+02 -9.1332E-01                      

Zgoubi|Zpop                                                                     
26-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 26-11-0015 14:29:38 *                                                                            

  Z’    (rad) vs.    Z     (m)                                                                                                    

Mi-ma H/V:  -2.500E-03  2.500E-03/ -2.500E-05  2.500E-05                                                                          
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(time,kin-E), AT LINAC EXIT
9.2 GeV
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Zgoubi|Zpop                                                                     22-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 22-11-0015 11:19:47 *                                                                            

KinEnr  (MeV) vs.  Time  (mu_s)                                                                                                   

Eps/pi, Beta, Alpha :   4.0946E-10  1.7998E-04 -1.2410E+01                      

Zgoubi|Zpop                                                                     22-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 22-11-0015 11:19:47 *                                                                            

KinEnr  (MeV) vs.  Time  (mu_s)                                                                                                   

10.5 GeV
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Zgoubi|Zpop                                                                     22-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 22-11-0015 11:19:47 *                                                                            

KinEnr  (MeV) vs.  Time  (mu_s)                                                                                                   

Eps/pi, Beta, Alpha :   2.6967E-09  5.9870E-05 -5.1720E+00                      

Zgoubi|Zpop                                                                     22-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 22-11-0015 11:19:47 *                                                                            

KinEnr  (MeV) vs.  Time  (mu_s)                                                                                                   

11.9 GeV
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Zgoubi|Zpop                                                                     22-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 22-11-0015 11:19:47 *                                                                            

KinEnr  (MeV) vs.  Time  (mu_s)                                                                                                   

Part#  1- 10000 (*); Lmnt#   222; pass#       5-      5, [    1];   1998 pnts                                                     
Eps/pi, Beta, Alpha :   6.2084E-09  3.2905E-05 -3.7698E+00                      

Zgoubi|Zpop                                                                     22-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 22-11-0015 11:19:47 *                                                                            

KinEnr  (MeV) vs.  Time  (mu_s)                                                                                                   

Part#  1- 10000 (*); Lmnt#   222; pass#       5-      5, [    1];    100 pnts                                                     
21.164 GeV
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Zgoubi|Zpop                                                                     
26-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 26-11-0015 14:29:38 *                                                                            

KinEnr  (MeV) vs.  Time  (mu_s)                                                                                                   

Mi-ma H/V:  -1.387E-06  2.348E-06/  2.249E+04  2.249E+04                                                                          
Eps/pi, Beta, Alpha :   1.1688E-08  2.2501E-05 -7.8890E+00                      

Zgoubi|Zpop                                                                     
26-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 26-11-0015 14:29:38 *                                                                            

KinEnr  (MeV) vs.  Time  (mu_s)                                                                                                   

Mi-ma H/V:  -1.387E-06  2.348E-06/  2.249E+04  2.249E+04                                                                          
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• Including SR, linac damping set

(x,x’), AT LINAC ENDS
5.300 AND 6.622 GeV
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Zgoubi|Zpop                                                                     22-11-2015                                                                      

Eps/pi, Beta, Alpha :   2.2187E-09  1.2129E+02  9.9115E-01                      

Zgoubi|Zpop                                                                     22-11-2015                                                                      Zgoubi|Zpop                                                                     22-11-2015                                                                      

Eps/pi, Beta, Alpha :   1.7757E-09  1.1737E+02 -9.5828E-01                      

Zgoubi|Zpop                                                                     22-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 22-11-0015 17:18:28 *                                                                            

  Y’    (rad) vs.    Y     (m)                                                                                                    

Part#  1- 10000 (*); Lmnt#   222; pass#       1-      1, [    1];    100 pnts                                                     

10.5 AND 11.9 GeV
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Zgoubi|Zpop                                                                     22-11-2015                                                                      

Eps/pi, Beta, Alpha :   1.1763E-09  1.2434E+02  9.7580E-01                      

Zgoubi|Zpop                                                                     22-11-2015                                                                      Zgoubi|Zpop                                                                     22-11-2015                                                                      

Eps/pi, Beta, Alpha :   1.0458E-09  1.1492E+02 -8.9679E-01                      

Zgoubi|Zpop                                                                     22-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 22-11-0015 17:18:28 *                                                                            

  Y’    (rad) vs.    Y     (m)                                                                                                    

Part#  1- 10000 (*); Lmnt#   222; pass#       5-      5, [    1];    100 pnts                                                     

19.8 AND 21.164 GeV
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Zgoubi|Zpop                                                                     
27-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 27-11-0015 06:07:04 *                                                                            

  Y’    (rad) vs.    Y     (m)                                                                                                    

Mi-ma H/V:  -2.500E-03  2.500E-03/ -2.500E-05  2.500E-05                                                                          
Eps/pi, Beta, Alpha :   6.6913E-10  1.2082E+02  9.9722E-01                      

Zgoubi|Zpop                                                                     
27-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 27-11-0015 06:07:04 *                                                                            

  Y’    (rad) vs.    Y     (m)                                                                                                    

Mi-ma H/V:  -2.500E-03  2.500E-03/ -2.500E-05  2.500E-05                                                                          

Zgoubi|Zpop                                                                     
27-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 27-11-0015 06:07:04 *                                                                            

  Y’    (rad) vs.    Y     (m)                                                                                                    

Mi-ma H/V:  -2.500E-03  2.500E-03/ -2.500E-05  2.500E-05                                                                          
Eps/pi, Beta, Alpha :   6.2734E-10  1.1777E+02 -9.7164E-01                      

Zgoubi|Zpop                                                                     
27-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 27-11-0015 06:07:04 *                                                                            

  Y’    (rad) vs.    Y     (m)                                                                                                    

Mi-ma H/V:  -2.500E-03  2.500E-03/ -2.500E-05  2.500E-05                                                                          

(y,y’), AT LINAC ENDS
5.300 AND 6.622 GeV
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Zgoubi|Zpop                                                                     22-11-2015                                                                      

Eps/pi, Beta, Alpha :   2.1957E-09  1.1874E+02  9.8262E-01                      

Zgoubi|Zpop                                                                     22-11-2015                                                                      Zgoubi|Zpop                                                                     22-11-2015                                                                      

Eps/pi, Beta, Alpha :   1.7574E-09  1.1984E+02 -9.9184E-01                      

Zgoubi|Zpop                                                                     22-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 22-11-0015 17:18:28 *                                                                            

  Z’    (rad) vs.    Z     (m)                                                                                                    

Part#  1- 10000 (*); Lmnt#   222; pass#       1-      1, [    1];    100 pnts                                                     

10.5 AND 11.9 GeV
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Zgoubi|Zpop                                                                     22-11-2015                                                                      

Eps/pi, Beta, Alpha :   1.1012E-09  1.2240E+02  9.8769E-01                      

Zgoubi|Zpop                                                                     22-11-2015                                                                      Zgoubi|Zpop                                                                     22-11-2015                                                                      

Eps/pi, Beta, Alpha :   9.7895E-10  1.1640E+02 -9.3739E-01                      

Zgoubi|Zpop                                                                     22-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 22-11-0015 17:18:28 *                                                                            

  Z’    (rad) vs.    Z     (m)                                                                                                    

Part#  1- 10000 (*); Lmnt#   222; pass#       5-      5, [    1];    100 pnts                                                     

19.8 AND 21.164 GeV
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Zgoubi|Zpop                                                                     
27-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 27-11-0015 06:07:04 *                                                                            

  Z’    (rad) vs.    Z     (m)                                                                                                    

Mi-ma H/V:  -2.500E-03  2.500E-03/ -2.500E-05  2.500E-05                                                                          
Eps/pi, Beta, Alpha :   5.8815E-10  1.1942E+02  9.4326E-01                      

Zgoubi|Zpop                                                                     
27-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 27-11-0015 06:07:04 *                                                                            

  Z’    (rad) vs.    Z     (m)                                                                                                    

Mi-ma H/V:  -2.500E-03  2.500E-03/ -2.500E-05  2.500E-05                                                                          

Zgoubi|Zpop                                                                     
27-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 27-11-0015 06:07:04 *                                                                            

  Z’    (rad) vs.    Z     (m)                                                                                                    

Mi-ma H/V:  -2.500E-03  2.500E-03/ -2.500E-05  2.500E-05                                                                          
Eps/pi, Beta, Alpha :   5.5142E-10  1.1953E+02 -9.4411E-01                      

Zgoubi|Zpop                                                                     
27-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 27-11-0015 06:07:04 *                                                                            

  Z’    (rad) vs.    Z     (m)                                                                                                    

Mi-ma H/V:  -2.500E-03  2.500E-03/ -2.500E-05  2.500E-05                                                                          
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(time,kin-E), AT LINAC EXIT

7.9 GeV
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7945.

Zgoubi|Zpop                                                                     22-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 22-11-0015 17:18:28 *                                                                            

KinEnr  (MeV) vs.  Time  (mu_s)                                                                                                   

Eps/pi, Beta, Alpha :   1.7763E-08  3.1853E-06  5.1160E+00                      

Zgoubi|Zpop                                                                     22-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 22-11-0015 17:18:28 *                                                                            

KinEnr  (MeV) vs.  Time  (mu_s)                                                                                                   

9.2 GeV
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Zgoubi|Zpop                                                                     22-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 22-11-0015 17:18:28 *                                                                            

KinEnr  (MeV) vs.  Time  (mu_s)                                                                                                   

Part#  1- 10000 (*); Lmnt#   222; pass#       3-      3, [    1];   1998 pnts                                                     
Eps/pi, Beta, Alpha :   2.6255E-07  1.7033E-06  1.4498E+00                      

Zgoubi|Zpop                                                                     22-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 22-11-0015 17:18:28 *                                                                            

KinEnr  (MeV) vs.  Time  (mu_s)                                                                                                   

Part#  1- 10000 (*); Lmnt#   222; pass#       3-      3, [    1];    100 pnts                                                     

10.5 GeV
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Zgoubi|Zpop                                                                     22-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 22-11-0015 17:18:28 *                                                                            

KinEnr  (MeV) vs.  Time  (mu_s)                                                                                                   

Eps/pi, Beta, Alpha :   7.4020E-07  1.8833E-06  1.2275E+00                      

Zgoubi|Zpop                                                                     22-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 22-11-0015 17:18:28 *                                                                            

KinEnr  (MeV) vs.  Time  (mu_s)                                                                                                   

11.9 GeV
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Zgoubi|Zpop                                                                     22-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 22-11-0015 17:18:28 *                                                                            

KinEnr  (MeV) vs.  Time  (mu_s)                                                                                                   

Part#  1- 10000 (*); Lmnt#   222; pass#       5-      5, [    1];   1998 pnts                                                     
Eps/pi, Beta, Alpha :   1.5805E-06  2.0277E-06  1.1553E+00                      

Zgoubi|Zpop                                                                     22-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 22-11-0015 17:18:28 *                                                                            

KinEnr  (MeV) vs.  Time  (mu_s)                                                                                                   

Part#  1- 10000 (*); Lmnt#   222; pass#       5-      5, [    1];    100 pnts                                                     

21.164 GeV
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Zgoubi|Zpop                                                                     
27-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 27-11-0015 06:07:04 *                                                                            

KinEnr  (MeV) vs.  Time  (mu_s)                                                                                                   

Mi-ma H/V:   0.398      0.398    /  2.115E+04  2.117E+04                                                                          
Eps/pi, Beta, Alpha :   1.8080E-05  1.9241E-06  5.4847E-01                      

Zgoubi|Zpop                                                                     
27-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 27-11-0015 06:07:04 *                                                                            

KinEnr  (MeV) vs.  Time  (mu_s)                                                                                                   

Mi-ma H/V:   0.398      0.398    /  2.115E+04  2.117E+04                                                                          

21.164 GeV centered
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Zgoubi|Zpop                                                                     
27-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 27-11-0015 06:07:04 *                                                                            

KinEnr  (MeV) vs.  Time  (mu_s)                                                                                                   

Mi-ma H/V:  -1.536E-05  3.034E-05/  -17.0       10.9                                                                              
Eps/pi, Beta, Alpha :   1.7958E-05  1.9125E-06  5.4118E-01                      

Zgoubi|Zpop                                                                     
27-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 27-11-0015 06:07:04 *                                                                            

KinEnr  (MeV) vs.  Time  (mu_s)                                                                                                   

Mi-ma H/V:  -1.536E-05  3.034E-05/  -17.0       10.9                                                                              
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7 Start-to-end, up-down

SR off
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Zgoubi|Zpop                                                                     
28-11-2015                                                                      KinEnr  (MeV) vs.  Pass#                                                                                                          Zgoubi|Zpop                                                                     
28-11-2015                                                                      KinEnr  (MeV) vs.  Pass#                                                                                                          Zgoubi|Zpop                                                                     
28-11-2015                                                                      KinEnr  (MeV) vs.  Pass#                                                                                                          

Each square is actually a superimposition of
2000 particles, thus the beam remains well

confined all the way from the first linac pass to
extraction at 5.3 GeV.

SR on
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Zgoubi|Zpop                                                                     
28-11-2015                                                                      KinEnr  (MeV) vs.  Pass#                                                                                                          Zgoubi|Zpop                                                                     
28-11-2015                                                                      KinEnr  (MeV) vs.  Pass#                                                                                                          

Serious beam spreading starts around linac
pass number 19∼20.

Note : there is no attempt in these simulations,
of any longitudinal dynamics management

using RF phasing. This improves longitudinal
motion [Ref. Y. Hao, BNL].
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• Final phase spaces after ER, 5.3 GeV
SR off
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Zgoubi|Zpop                                                                     
28-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 28-11-0015 09:17:46 *                                                                            

  Y’    (rad) vs.    Y     (m)                                                                                                    

Eps/pi, Beta, Alpha :   2.2155E-09  1.1473E+02 -8.6682E-01                      

Zgoubi|Zpop                                                                     
28-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 28-11-0015 09:17:46 *                                                                            

  Y’    (rad) vs.    Y     (m)                                                                                                    
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Zgoubi|Zpop                                                                     
28-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 28-11-0015 09:17:46 *                                                                            

  Z’    (rad) vs.    Z     (m)                                                                                                    

Eps/pi, Beta, Alpha :   2.2033E-09  1.1684E+02 -1.0476E+00                      

Zgoubi|Zpop                                                                     
28-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 28-11-0015 09:17:46 *                                                                            

  Z’    (rad) vs.    Z     (m)                                                                                                    
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Zgoubi|Zpop                                                                     
28-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 28-11-0015 09:17:46 *                                                                            

KinEnr  (MeV) vs.  Time  (mu_s)                                                                                                   

Eps/pi, Beta, Alpha :   6.0415E-08  2.4292E-05  3.6531E+00                      

Zgoubi|Zpop                                                                     
28-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 28-11-0015 09:17:46 *                                                                            

KinEnr  (MeV) vs.  Time  (mu_s)                                                                                                   

SR on
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Zgoubi|Zpop                                                                     
28-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 28-11-0015 09:22:26 *                                                                            

  Y’    (rad) vs.    Y     (m)                                                                                                    

Eps/pi, Beta, Alpha :   1.2632E-04  4.8006E+02 -3.2186E+00                      

Zgoubi|Zpop                                                                     
28-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 28-11-0015 09:22:26 *                                                                            

  Y’    (rad) vs.    Y     (m)                                                                                                    
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Zgoubi|Zpop                                                                     
28-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 28-11-0015 09:22:26 *                                                                            

  Z’    (rad) vs.    Z     (m)                                                                                                    

Eps/pi, Beta, Alpha :   1.3871E-06  4.5160E+02 -1.8614E+00                      

Zgoubi|Zpop                                                                     
28-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 28-11-0015 09:22:26 *                                                                            

  Z’    (rad) vs.    Z     (m)                                                                                                    
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Zgoubi|Zpop                                                                     
28-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 28-11-0015 09:22:26 *                                                                            

KinEnr  (MeV) vs.  Time  (mu_s)                                                                                                   

Eps/pi, Beta, Alpha :   3.7876E-02  7.8152E-07  7.6958E-01                      

Zgoubi|Zpop                                                                     
28-11-2015                                                                      

* # COORDINATES  - STORAGE FILE, 28-11-0015 09:22:26 *                                                                            

KinEnr  (MeV) vs.  Time  (mu_s)                                                                                                   
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SR ENERGY LOSS IN FFAG2

Per pass (MeV)
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For the record, see slide# 4 (note, 120 cells/arc vs 102 cell/arcin FFAG2) :

 0

 20

 40

 60

 80

 100

 120

 140

 160

 6  8  10  12  14  16  18  20  22
 0

 0.5

 1

 1.5

 2

 2.5

 3

 3.5

 4

 4.5

 5

 5.5

∆E
 
/
p
a
r
t
c
l
.
 
[
M
e
V
]

σ E
 
[
M
e
V
]

E [GeV]

ENERGY LOSS/SPREAD IN A 6*102-CELL RING 
 (6.622 to 21.164 GeV lattice. Jul 2015)

∆E, geom.
∆E, Monte Carlo

σE, geom.
σE, Monte Carlo
Design energies

∆E[MeV ] = ∆EQF +∆EBD ≈ 0.96× 10−15γ4(
θQF

|ρQF|
+

θBD
|ρBD|

) over cell ×6arcs×120cells−→ over ring

(5)


