
Main PIP-II parameters
Linac  
Parameters of linac beam at exit  Linac Energy: Elinac 800 10

6
 eV

Linac current: Ilinac 2 10
3

 A
Repetition rate: frep 20 Hz

Hor. rms norm. emittance: εnxL 0.30 10
4

 cm Vert rms norm. emittance: εnyL 0.30 10
4

 cm

Long rms norm. emittance: εnsL 0.35 10
4

 cm εnsL mp

c
1.095 10

6
 eV s

Beam pulse duration 
(copied from Booster section): Tinj 0.5369 10

3
 s

Tinj frep 1.074 %
Plinac Ilinac Elinac Tinj frep 10

3
 17.181 kW

 Parameters of Linac Cavities 
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"Name"

"f [MHz]"

"N cell"

"beta-opt"

"beta-geom"

"apert. [mm]"

"U_max [MV]"

"E.peak [MV/m]"

"Bpeak [mT]"

"G [Ohm]"

"R/Q [Ohm]"

"Q0"

"cavities/crm"

"Number of cryomodules"

"Stat. load @2K[W/crm]"

"Max. microphbics detune [Hz]"

"Power transfer efficiency"

"power margin"

"Accelerating phase [deg]"

"Static +dynamic load @ 5 K [W/crm]"

"Static +dynamic load @70 K [W/crm]"

"LFD coefficient [Hz/(MV/m)^2]"

"Dynamic load coupler @5K,60kW [W]"

"Dynamic load coupler@70K,60kW [W]"

...
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Required cavity power for 5
mA operation ( IL 0.005  A):

HWR SSR1 SSR2 LB650 HB650 
Cavity filling time for operation in pulsed regime
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Real part of optimal beam current in the abcence of detuning
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Cryogenic power
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Required thickness of linac collimators 
Collimator material steel => ρst 7.8 g/cm3 dE_dx0 1.45 10
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Booster
Circumference: C 47420.214 cm

Emin 0.8 10
9

 eV Pmin Emin mp 2 mp
2

Injection energy:

Pmin 1.463 10
9

Injection momentum:

Emax 8 10
9

 eV Pmax Emax mp 2 mp
2

Extraction energy: 

Pmax 8.889 10
9

 eV 
Extraction momentum:
Ramp frequency: framp frep 20 Hz

Harmonic number qb 84

Momentum compaction: α .03346
γt

1

α


Transition gamma: γt 5.467

Hor norm. emittance: εnx95 0.0016 cm

Vert norm. emittance: εny95 0.0016 cm
\   These two emittances are determined so that  the beam density in the 
 |  beam center obtained in the strip- injection simulations coinside with the
/   beam density of a Gaussian beam with these emittances

Hor effective norm. emit.: εnxEf 0.0005 cm

Hor effective norm. emit.: εnyEf 0.0005 cm

Minimum L. bucket size
(total aria): εLB 0.077 eV*s

RMS L. emittance(∆x ∆p)
at injection: εLBσ 3.2 10

3
 eV*s

Beam acceleration
Nturn 15151 ntr 7136 n 0 Nturn

nb 0000 260.0 1200 4000 6000 6800 7000 7150 7400 7900 10500 12000 14000 Nturn T

Vb 10
6

0.204 0.36 0.700 0.980 1.05 1.07 1.08 1.12 1.17 1.180 1.170 1.12 0.900 0.45( )
T



vs cspline nb Vb  V0
n

interp vs nb Vb n 

P t( ) Pmin

Pmax Pmin

2
1 cos 2 π framp t   En t( ) P t( )

2
mp

2
 mp v t( ) c

P t( )

mp En t( )


t
0

0 t
n 1 t

n
C

v t
n 


β

n

v t
n 

c
 p

n
P t

n 
f0

n

v t
n 

C
 t

Nturn
10

3
 25.001 ms 

fRFn
qb f0

n
 E

n
En t

n 
γ

n
1

En t
n 

mp
 10

3

2 framp
25 ms

ηs
n

α
1

γ
n 2

 νs0n

V0
n

qb ηs
n



2 π mp γ
n

 β
n 2



n 0 Nturn 1 Vacc
n

E
n 1 E

n
 ϕ0

n
asin

Vacc
n

V0
n







 νsn
νs0n

cos ϕ0
n 

εLaccepn

8

π

mp C

c qb


V0
n

γ
n



2 π mp qb ηs
n




1 sin ϕ0
n 

1 0.5 sin ϕ0
n  2


Δp_pmaxn

2 νs0n


qb ηs
n


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n  π

2
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n



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

sin ϕ0
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ϕ0a
n

ϕ0
n

n ntr  π ϕ0
n

  n ntr 
σφ

n
qb

2 π εLBσ c ηs
n



mp C β
n

 γ
n

 νsn



σp

n

2 π εLBσ c νsn


mp C β
n

 γ
n

 ηs
n




σφn
qb

2 π εLBσ c ηs
n



mp C β
n

 γ
n

 νsn




σpn

2 π εLBσ c νsn


mp C β
n

 γ
n

 ηs
n




B
n

2 π

σφn



L. emit. jump at transition: κLtr 72%

RMS L. emittance(∆x ∆p)
at extraction: εLBσ 3.2 10

3
 eV*s

MI 97% L. acceptance
    for slip-stacking:

εLmax 0.1 eV s - It implies the Recycler bucket of 4.2 ns, 8 MeV:

                   ( π 8 4.2 10
3

 0.106 ) eV s
Maxumum RF voltage: max V0( ) 10

6
 1.184 MV

RF frequency at injection: fRF0
10

6
 44.705 MHz

RF frequency at extraction: fRFNturn
10

6
 52.812 MHz εx

n

εnxEf

β
n

γ
n


 εy

n

εnyEf

β
n

γ
n




Number of particles 
             at extraction: Nbe 6.437 10

12


Booster efficiency 
      in acceleration: κb 0.98

Efficiency of 
        Booster injection: κbi 0.98

Nbi

Nbe

κb


Number of 
       particles at injection: Nbi 6.568 10

12


NturnB

eSI Nbi f0
0



κbi Ilinac
 Tinj

NturnB

f0
0


Number of injection turns: NturnB 285.735

Injection time Tinj 10
3

 0.537 ms 

Number of bunches: nb 81
Nbb

Nbi

nb
 Ib

n
eSI Nbi f0

n


Bunch population 
             at injection: Nbb 8.109 10

10


PB eSI Nbe Emax framp

Beam power: PB 10
3

 165.003 kW

Injection beam current: Ib
0

0.56 A

Extraction beam current: Ib
Nturn 1 κb 0.648 A

Booster acceptance: εaccept 35 10
4

 cm Normalized acceptance: εaccept β
0

 γ
0

 10
4

 54.585

Booster aperture expressed 
in 95% beam size at injection:

β
0

γ
0

 εaccept

εny95
1.847

Δp_pinj

Pmax Pmin

2 Pmin
1 cos π framp Tinj   1.444 10

3


Momentum change during injection: Δp_pinj 1.444 10
3


Σνs0

0 Σνsn 1
Σνsn

νsn


Corresponding change in the Booster correctors: 
Number of correctors: Ncor 48 Transfer function for horizontal correctors: αcorH 366 G-cm/A
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Ring Twiss parameters 
M

BoosterTwiss.dat


N rows M( ) i 0 N 1 N 2.946 10
3



s
i

M
i 2 βx

i
M

i 3 βy
i

M
i 5 Dx

i
M

i 7 νx
i

M
i 11 νy

i
M

i 12

αx
i

M
i 4 αy

i
M

i 6 Dxp
i

M
i 8 νx νx

N 1 νy νy
N 1 νx 6.725 νy 6.798
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0.01 si
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Synchrotron tune

nn 0 50 Nturn 1
δνySCnn

rp Nbi B
nn



2 π β
nn 2 γ

nn 3 C 0

N 2

j

βy
j

s
j 1 s

j
 

βy
j

εy
nn

 βx
j

εx
nn

 σpnn
Dx

j






2
 βy

j
εy

nn












δνxSCnn

rp Nbi B
nn



2 π β
nn 2 γ

nn 3 C 0

N 2

j

βx
j

s
j 1 s

j
 

βx
j

εx
nn

 σpnn
Dx

j






2
 βx

j
εx

nn
 σpnn

Dx
j







2
 βy

j
εy

nn












Maximum H. SC tune shift
for Gaussian tr. distribution: max δνxSC  0.191

Maximum V. SC tune shift
for Gaussian tr. distribution: max δνySC  0.201

Maximum H. SC tune shift
for KV tr. distribution: 3

1
max δνxSC  0.064 - It implies the same 100% emittance as 95% emittance

for  the Gaussian transverse distribution
Maximum V. SC tune shift
for KV tr. distribution: 3

1
max δνySC  0.067 The below picture was computed using

multiparticle tracking for beam
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Cavity parameters

Number of cavities: NcavB 22

External Q-value: Qext 600

Q f( ) 300 800
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6


53 37( ) 10
6


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Pcavity
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MS

6.30

9.63

12.97

16.3

19.6

22.99

0.0034

0.0272

0.0580

0.0887

0.1195

0.1502

6.61

7.37

8.13

8.90

9.66

10.42





















Cx alpha_c_p CySecond order slip factor The below data were
computed by A. Valishev
with MADX simulations in
August 2017

βxSF 3370 cm βxSD 716 cm

βySF 525 cm βySD 2048 cm

DSF 314 cm DSD 180.8 cm 

Introduce AF
e

p c
n

SLFn






= AD
e

p c
n

SLDn






=and 

 /
|
|
|
|
|
|
 \

k 0 rows MS( ) 1
Δαp

1

2 C
 AF DSF

3
 AD DSD

3




=

=> 
Δξx

1

4 π
AF DSF βxSF AD DSD βxSD =

Δξx

Δξy







1

4 π

DSF βxSF

DSF βySF

DSD βxSD

DSD βySD








AF

AD







=

Δξy
1

4 π
AF DSF βySF AD DSD βySD =

=> 
AF

AD







4 π
DSF βxSF

DSF βySF

DSD βxSD

DSD βySD







1


Δξx

Δξy







= => Δαp
2 π

C
 DSF

3
DSD

3





DSF βxSF

DSF βySF

DSD βxSD

DSD βySD







1


Δξx

Δξy







=

κs 1.
Kξ

2 π

C
 DSF

3
DSD

3





DSF βxSF

DSF βySF

DSD βxSD

DSD βySD







1

 3.751 10
3

 8.033 10
4

 

Δαp Δξx Δξy  κs 0.02 Kξ
T



0

Δξx Kξ
T



1

Δξy




0 10 20
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0
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2
MSk 1

Δαp MSk 0 MSk 2 

1 νx
2

2 νx
4

MSk 0

νx
3



MSk 0

Δs

C
α

1

γ
2









Δp

p
 αp

3

2

β
2

γ
2










Δp

p






2

=

η1opt 0.041

σptr 0.002 - rms mom. spread at transition

Non-linear time

dγdtb

γ
ntr 1 γ

ntr


t
ntr 1 t

ntr


488.568

τbNL

γ
ntr







3

2 dγdtb
η1opt σptr

τbNL 10
6

 13.714 μs

εx
ntr

2 C
0

N 2

j

s
j 1 s

j
 

βx
j




 4.12 10
8

 - rel. orbit lengthening due 
    to betatron motion

η1opt σptr
2

 1.64 10
7

 - rel. orbit lengthening due 
    to 2-nd order slip-factor

σptr
1

3

1

6
Γ

2

3






2 εLBσ

3 mp


2 π f0
ntr







2
qb cos ϕ0a

ntr








π dγdtb β
ntr







5
 γ

ntr


V0
ntr

mp














1

3

 1.378 10
3

 - rms momentum spread at transition
  computed for zero intensity



Recycler / Main Injector
Number of 
   slip-stacked batches: ninjMI 12

Number of other Booster 
     cycles in the MI cycle: 

ER Emax pcR Pmax
nothers 12 TMI

ninjMI nothers

framp


Injection energy: ER 8 10
9

 eV

Top energy: EMI 120 10
9

 eV
pcMI EMI mp 2 mp

2


Injection Momentum: pcR 8.889 10
9

 eV

Top momentum: pcMI 10
9

 120.935 eV

Main Injector cycle duration: TMI 1.2 s

Number of 
    particles at injection: Nbe ninjMI 7.724 10

13


Recycler efficiency: κMI 0.97

Number of 
    particles at extraction:

NMI Nbe ninjMI κMI PMI

eSI NMI EMI

TMI


NMI 7.493 10
13



Beam power: PMI 10
6

 1.2 MW 

Longitudinal 97% emittance 
  of single slip-stacked bunch:

CMI 7 C
εLmax 0.1 eV s

MI circumference: CMI 0.01 3319.415 m

Transverse emittance delution 
   at Booster-Recycler transfer: κε1 10%

Transverse emittance delution 
   at Recycler-MI transfer:

εnxMI95 1 κε1  1 κε1  εnx95
κε2 10%

εnyMI95 1 κε1  1 κε1  εny95
εnxMI95 10

4
 19.36 mm mrad

Hor MI norm. emittance:

Vert MI norm. emittance: εnxMI95 10
4

 19.36 mm mrad

MI cycle time: 0.7 s at 60 GeV
                     1.2 s at 120 GeV

Booster power for 8 GeV program:

  PB 10
3


14 12

14
 23.572  kW at 60 GeV

   PB 10
3


12

24
 82.502   kW at 120 GeV

Number of Booster cycles in cycle time:
   0.7 20 14  at 60 GeV
   1.2 20 24  at 120 GeV



Recycler
Harmonic number: qR 588 f0R

c β
Nturn



CMI
 fRF_R qR f0R

Momentum compaction: αR .002508
ηR αR

1

γ
Nturn







2


Slip factor: ηR 8.511 10
3

 KR

αR γ
Nturn







2
 1

γ
Nturn







2
1



Revolution frequency: f0R 10
3

 89.816 kHz

RF frequency: fRF_R 10
6

 52.812 MHz Δfslip framp qb
Δpslip

Δfslip

ηR fRF_R


RF frequency difference 
  between slip-stacked trains: Δfslip 1.68 10

3
 Hz 

Rel momentum difference 
  between slip-stacked trains: Δpslip 3.738 10

3
 ΔEslip

pcR
2

ER mp
Δpslip 3.304 10

7
 εLRσ εLBσ 1 κLtr 

 Beam and RF parameters before bunch coalescing (single not-slip-stacked bunch)

V0R 140 10
3

 V
RF voltage: νsR

V0R qR KR

2 π mp γ
Nturn


 Δp_pmaxR

2 νsR

qR ηR


Sinchrotron tune: νsR 3.552 10
3



RF bucket hight: Δp_pmaxR 1.419 10
3


εLaccepR

8

π

mp CMI

c qR β
Nturn




V0R γ
Nturn



2 π mp qR KR


RF bucket area: εLaccepR 0.303 eV s

Rms longitudinal emittance: εLRσ 5.504 10
3

 eV s
σφR qR

2 π εLRσ c ηR

mp CMI β
Nturn

 γ
Nturn

 νsR


Rms bunch length: σφR 30.914 deg

σpR

2 π εLRσ c νsR

mp CMI β
Nturn

 γ
Nturn

 ηR
Rms rel. momentum spread: σpR 3.829 10

4
 BR

2 π

σφR


Bunching factor: BR 4.646

97% bunch length: τbR 4.1 10
9

 s φbR 2 π τbR fRF_R
Fε φ( )

0

φ

ψsin φ( )
2

sin ψ( )
2






d
φbR 1.36 rad 

εLR97 εLaccepR Fε 0.5 φbR 
97% bunch emittance: εLR97 0.1 eV s

Δp_pR97 Δp_pmaxR

1 cos φbR 

2


97% bunch height: Δp_pR97 8.928 10
4


ΔER97 mp γ

Nturn
 β

Nturn






2
 Δp_pR97

0 0.5 1 1.5
0

0.2

0.4

0.6

0.8

1

Fε
φbR

2









Fε φ 

φbR

2

φ

97% bunch 
   height in energy: ΔER97 10

6
 7.892 MeV

εxR εx
Nturn 1 1 κε1 

εyR εy
Nturn 1 1 κε1 

95% norm. hor. emittance: 6 εxR β
Nturn

 γ
Nturn

 10
4

 33 mm mrad

95% norm. vert. emittance:
6 εyR β

Nturn
 γ

Nturn
 10

4
 33 mm mrad

εxR 10
4

 0.581 mm mrad

εyR 10
4

 0.581 mm mrad



Ring Twiss parameters 
MR

RecyclerTwiss.dat


i 0 rows MR( ) 1 rows MR( ) 1.549 10
4



s
i

MR
i 2 βx

i
MR

i 3 βy
i

MR
i 5 Dx

i
MR

i 7 νx
i

MR
i 11 νy

i
MR

i 12 αx
i

MR
i 4

αy
i

MR
i 6 Dxp

i
MR

i 8 νxR νx
rows MR( ) 1 νyR νy

rows MR( ) 1 νxR 25.429 νyR 24.416

δνySC_R

rp 7 Nbe  BR

2 π β
Nturn







2
 γ

Nturn






3
 CMI 0

rows MR( ) 2

j

βy
j

s
j 1 s

j
 

βy
j

εyR βx
j

εxR σpR Dx
j

 2 βy
j

εyR










δνxSC_R

rp 7 Nbe  BR

2 π β
Nturn







2
 γ

Nturn






3
 CMI 0

rows MR( ) 2

j

βx
j

s
j 1 s

j
 

βx
j

εxR σpR Dx
j

 2 βx
j

εxR σpR Dx
j

 2 βy
j

εyR










0 100 200 300 400
0

2 10
3

4 10
3

6 10
3

βxi

βyi

0.01 si

0 100 200 300 400
0

0.2

0.4

0.6

βxi εxR

βyi εxR

σpR Dxi

Δpslip

2
Dxi

0.01 si

Maximum H. SC tune shift
for Gaussian tr. distribution:

δνxSC_R 0.05

Maximum V. SC tune shift
for Gaussian tr. distribution:

δνySC_R 0.052

Maximum H. SC tune shift
for KV tr. distribution: 3

1
δνxSC_R 0.017

Maximum V. SC tune shift
for KV tr. distribution: 3

1
δνySC_R 0.017

 Beam and RF parameters after bunch coalescing

V0Rc 1.2 10
6

 V
RF voltage: νsRc

V0Rc qR KR

2 π mp γ
Nturn


 Δp_pmaxRc

2 νsRc

qR ηR


Sinchrotron tune: νsRc 0.01

RF bucket hight: Δp_pmaxRc 4.156 10
3


εLaccepRc

8

π

mp CMI

c qR β
Nturn




V0Rc γ
Nturn



2 π mp qR KR


Δp_pmaxRc pcR 10
6

 36.939 MeV

RF bucket area: εLaccepRc 0.886 eV s

Rms longitudinal emittance: εLRσ 5.504 10
3

 eV s
σφR qR

2 π εLRσ c ηR

mp CMI β
Nturn

 γ
Nturn

 νsR


Rms bunch length: σφR 30.914 deg

σpR

2 π εLRσ c νsR

mp CMI β
Nturn

 γ
Nturn

 ηR
Rms rel. momentum spread: σpR 3.829 10

4
 BR

2 π

σφR


Bunching factor: BR 4.646
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100

ΔTr 0.01 0.01 0.01 0.073 0.297 0.15 0.05 0.01 0.11 0.17 0.20 0.03 0.04 0.04 .01( )
T

 Nk rows ΔTr  1

P0r 8.888 8.888 8.99 9.56 22.0 86 116.1 120.888 120.888 104 60.0 11 6.4 7.799 8.888( )
T



k 0 Nk 1 Tr0
0 Trk 1

Trk
ΔTrk

 TrNk
1.2

NrMI 2048 ir 0 NrMI

t
ir

ir

NrMI
TrNk
 vt lspline Tr P0r  pc

ir
10

9
interp vt Tr P0r t

ir
  ir 0 NrMI 1

dPdt
ir

pc
ir 1 pc

ir


t
ir 1 t

ir




tinj 0.01 textr 0.605 ir1 floor NrMI

tinj

TrNk















 ir2 floor NrMI

textr

TrNk




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

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ir1 17
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MI magnetic cycle

time, s

M
om

en
tu

m
, G

eV

tinj textr

ir2 1032

ir 0 ir2

Emiir
pc

ir 2 mp
2

 mp

Emiir1
10

9
 7.999 GeV

Emiir2
10

9
 120 GeV

γmiir
1

Emiir

mp


Harmonic number: qmi 588
βmiir

1
1

γmiir






2


Slip factor: αmi .00214 γtMI
1

αmi

 f0miir

c βmiir


CMI


Transition gamma: γtMI 21.617
fRFmiir

qmi f0miir


RF frequency at injection: fRFmiir1
10

6
 52.812 MHz

Kmiir

αmi γmiir






2
 1

γmiir






2
1

 ηmiir
αmi

1

γmiir






2


RF frequency at extraction: fRFmiir2
10

6
 53.104 MHz

Minimum L. bucket size
(total aria):

εLBmi 0.8 eV*s
εLmiσ

εLBmi

6 π


εxMIir
εx

Nturn 1

βmi0
γmi0


βmiir
γmiir


 1 κε1  1 κε2 
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