
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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Optimal coupling
for Icpl 0.0026   A: βcplic
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Energy
stored in 
the cavity:

Surface 
resistance: Rsic
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 Pric
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Generator 
power:

Cavity 
bandwidth:
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detuning:Pgic
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Required 
cavity 
power:
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 Ratio of cavity power
to the beam power: 
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BCS resiistance estimate: P f( )

Pbeam
Coupling to 2

f 0.65 10
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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

Decay time for amplitude:
τd

2 QL

2 π fc




τfill ln 2( ) τdFilling time: 

τd 10
3



0.0103
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Real part of optimal beam current in the abcence of detuning
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Cryogenic power

Pcav

Umax 2
R_Q Q0
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Pcavic

M
12 ic PTotPerCrmic

M
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2.941
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PDynTotCW 1592.953 W
PCryoTotCW PStatTot PDynTotCW PStatTot 164 W

PCryoTotCW 1756.953 W
Total static loads to 5 and 70 K 
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Pulsed operation
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Accelerated 
cavity discharge: Edischarge t τ( ) exp

t
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d 0.301
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Normal 
cavity discharge: FdschgN
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Required thickness of linac collimators 
Collimator material steel => ρst 7.8 g/cm3 dE_dx0 1.45 10

6
 eV/(g/cm2) λT 81.7 g/cm2
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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
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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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Note that the maximum corrector current is 40 A.
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Ring Twiss parameters 
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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
f 37 10
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Cx alpha_c_p CySecond order slip factor The below data were
computed by A. Valishev
with MADX simulations in
August 2017
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Recycler / Main Injector
Number of 
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Injection Momentum: pcR 8.889 10
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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
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