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Project X Preliminaries

V. Lebedev proposed intra-beam stripping as a mechanism to
account for unexplained losses at SNS.

He performed estimates for both SNS and PrX
His initial results suggested that we need to pay attention.
Valeri used a simplified MATCAD model to produce his estimates.

« I wrote a program to produce an estimate for Project-X using as
input, the data generated by TraceWin/PARTRAN (CEA/Saclay
tracking code)

 The IBS formula has been cross-checked by a humber of
people; after a few iterations, every one agrees.
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Project X H- Stripping Cross -Section #
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Project X . !

A Stripping Rate aE
Fractional particle losses Beam sizes and velocity spreads
per unit of distance: 0’72 measured in the lab frame

]- dN ~ No-stripping 292 —I— 292 —|— 9
N ds _ 8x2 TVe T [
S o050y Os7Y?
Assumes: Gaussian distribution and O vinping constant
Oxy0y,0s Transverse and long rms beam sizes in the lab frame

6)2 6)2 gﬁ Transverse and long mean squared relative velocity spreads,
in the lab frame.

Ostripping Total Intrabeam stripping cross-section
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Project X Derivation

het

In the bunch reference frame, the scattering
probability for per unit time for an ion is:

(Assuming velocities are not relativistic in BF )

1 dN

N dt

B N/dr/dlef(r V1)/dV2Nf(r va)|vy —V2|—dQ

1 dN
_LdN :O'N/dI‘/dVlf(I‘,Vl)/dVZf(I'7V2)|V1 — V3
N dt |BF

The stripping rate is 3 of the scattering rate, since
for each scattering event experienced by a ?IVCH lon,
the probability that it looses an electron is 3
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Project X Gaussian Distributions -

*We assume stationary distributions in all 3 phase space plane
*We assume equilibrium MB-distribution with independent "temperatures”
in each plane (the invariant emittances play the role of the energy).
*For e- or e+ rings: random photon emission + central limit theorem imply
equilibrium is quickly reached and distributions are truly Gaussian.
*For a proton linac, equilibrium may not be reached ... so the
Gaussian distribution assumption involves some hand waving

For x-x" (and similarly for the other planes):

fo(€x) = fo(ex(z,2")) = fo(2® + (—az + Bz))

1 1
folis) = 5o expl 51—+ (~az + 527))
= L exp(—5 (2 + (~az + Ar')?)
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Project X Local Velocity Distribution #

1

2T€,

flz,z') = exp {—6—_1(932 + (—ax + Ba:’)Q)}

2€.,

Remarkably, for a "Gaussian” distribution in phase space, the velocity
distribution at a given x has the same spread at any x.
This can be seen by rearranging the above as follows:

/ .\ 2
') = s exp — exp o 27
T, ) = exp exp
’ 2T€y 2€, 2¢,. /5
- 8
The velocity distribution at a location x has an average: T — — =X

b
And a standard deviation: V Ezzz/ 6
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Project X |ocal vs Total vs Velocity Spread #

It is worth reiterating that what matters for IBS is the local
velocity spread. This is not the same as the total velocity spread
i.e. the spread computed over the entire extent of the beam.

Local velocity (angular) spread:.\This is what matters

Total velocity (angular) spread:

2 2
o G <ar > G+ a?)
< xxr > 5693

Ta! :@ _not _this
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Project X Stripping Probability in the Lab Frame #

dtr = ’}/dtB Relativistic fransformation of time between frames

P = —_—— — d d d L
N Bedty, N ds || 2Bcy r/ V1f(r,V1)/ va f(r,va)|v1
The integral is in the beam frame

Assuming a separable Gaussian spatial distribution, we can integrate over dr

olN

LF B 2(4%)3/272600550?]02 fdvlf(vl) /dvzf(VZ)‘Vl — Vo

A The integral is in the beam frame
In the LA%

An extra factor v has been introduced due to the relativistic
transformation from z toz
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Project X After Velocity Integration

het

with = [v1— vz Integration is straightforward in the “isotropic”
v = |v1 + va| case i.e. when the T in each plane are equal

1 dN oN o o
_ — v velocity sprea
N ds 17 2(4m)3/242Bco,0,0, o il e

1 dN No.. .
——— = stripping 2 2 2 F 93:79 )OZ
N ds 87720-:1;0_110-3")/2,6(3 \/Ufuw + O'ruy + Oy, ( Y )

F is a form factor which is =2//3 (max) when all 3 velocity spreads are equal.
F varies by less than 20% and depends only on the ratios of its arguments.

Expressed in terms of LAB frame angles:

Ov| = ,Bc\/'yZOa; + 7262 + 02
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Profect & Velocity Addition Refresher -

General o~ = El +E2|| T %EU_
B1 @ B2 = 1~ 5.5,
with 1~ P2 =0
Lo A .
(61 ® B2)1 = T YBL  Valid for T’Y << 1
5 3 Pa— 1 _ | 20
(B By = 25 Lot (1 ( e
A A
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Project X Angle Variables 2

In the lab frame: In the beam frame
0, = % = % ~ 7’ V0
0, = % = % ~ g 70y
0, = % ~ (%p 0,
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Project X Stripping Rate Estimates #

*IC 2 CW Lattice ( 3 variants)
* 3-8 GeV Pulsed Linac ( short + long pulse variants)

* Tracking done using TraceWin/PARTRAN

* Use 2" order moments and emittances computed by PARTRAN.
(These moments are computed in the lab frame) and computes:

* Lattice functions from statistical definitions
* Local velocity spreads from J/(e/p)
* Intra Beam Stripping rate along the linac using formula
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Profect X PARTRAN Output 2

_i . partranl.out - KWrite 2 @
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2 0,3150000 0.2661573E-02 ©.6888002E-04 -.6145102E-05 0.8503255E-01 0,4891089E-03 -, 3507788E-04 - 2440699E-05 0.1221841E+01 0.1222104E+01 ©.1141424E+02 -, 1705781E+01 -, 1704829E+01 0. 0000000E+00 O.2516730E+00 0,251
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Line:1Col: 1 INS LINE partranl.out

PARTRAN provides emittances and 2nd order moments
computed from the distribution.
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Project X . N
LLO(EET & IC2 CW Linac - Baseline
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ProjeciPbX- Beam Sizes In the Laboratory Frame &

Projet X IC2 2.5 MeV - 3 GeV CW Linac
RMS Beam Sizes in the Lab Frame

10 Based on data from TraceWin/Partran with SC, 200k Particles
- T T T T T T T

55 ”

1_5 o :

MM e

RMS Beam Sizes [mm]

~ 15 mm

0.5

i i i i i i i i
0 50 100 150 200 250 300 350 400 450
z [m]

This is the same as what was shown on the earlier slide. Scales easier to read.
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Project X Velocity Spreads in the Beam Frame #

Projet X IC2 2.5 MeV - 3 GeV CW Linac
Velocities in the Beam Frame (transverse, long and total)

Based on data from TraceWin/Partran with SC, 200k Particles
0.00050 ! ! | ! T T T

0.00045 |

0.00040 |- Velocity spread magnitude

within constant cross-

E 0000350 R T L AL A Y N o ction appr‘oximaﬁon
= . .
3 range of validity
2 0.00030 |-
s
E 0.00025
5 0. . -4
2 v/ic ~ 2.0 x 10
) Lower bound of the constant

0.00020 . L
c -section approximation

validity
0.00015

0.000100

i i i i i i i i
50 100 150 200 250 300 350 400 450
z[m]
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Project X Fractional Particle Loss #

650 MHz + 1.3 GHz (2-3 GeV)

Projet X IC2 2.5MeV - 3 GeV CW Linac
Fractional Loss Due to Intrabeam Stripping

1.00e-05 Based on data from TraceWin/Partran with SC, 200k Particles

= 1.00e-06 |-

Fractional Particle Loss [1/m

_ i i i i i i i i
1.00e 080 50 100 150 200 250 300 350 400 450
z [m]
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ProjectX  Avg Power Loss/unit length

K

Projet X IC2 2.5MeV - 3 GeV CW Linac
Estimated Power Loss Due to Intrabeam Stripping

05 Based on data from TraceWin/Partran with SC, 200k Particles

0.0

0.4 b

§0.3 .
=

2

3

a N N N N N N

H 5 5 5 5 5 : 5 5

. . i i i i i i
0 50 100 150 200 250 300 350 400
Z[m]

450

0.1 W/m

Average power loss assumes 1 mA average beam current
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Project X Integral Particle Loss

Integral Particle Loss

Projet X IC2 2.5MeV - 3 GeV CW Linac
Integral Particle Loss Due to Intrabeam Stripping

Ty Based on data from TraceWin/Partran with SC, 200k Particles

800005 F- -

0.00e+00

0 50 100 150 200 250 300 350 400 450
z[m]

2
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Project X Integrated Power Loss #

Projet X IC2 2.5MeV - 3 GeV CW Linac
Integral Power Loss Due to Intrabeam Stripping

Based on data from TraceWin/Partran with SC, 200k Particles
9.00e+01 T T T T T T

8.00esoll e
P O CO N N S S S 7 S SR
600040l b
sooesoll b ioob b

A.00@40T |t

Integral Power Loss

3.00@401 koo .

L0001 koo

0.00e+00

450

z[m]
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Project X

het

IBS Estimate in CW 650 MHz Variant no 1
650 MHz elliptical cavities 2-3 GeV
("rematched baseline")
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froleet & SC Linac V1 : Beam Sizes 4

2.5

RMS Beam Sizes [mm]

0.5

i I i I i I i
o 50 100 150 200 250 300 350 400

Projet X IC2 2.5 MeV - 3 GeV CW Linac
RMS Beam Sizes in the Lab Frame
Based on data from TraceWin/Partran with SC, 200k Particles
T T T T T T T

Z [m]
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SC Linac V2: Velocities 4

D
)
=y
)x

Projec

Projet X IC2 2.5 MeV - 3 GeV CW Linac

Normalized Velocities Spread in the Beam Frame (transverse, long and total)
Based on data from TraceWin/Partran with SC, 200k Particles

T T T T T

0.00050 T

000045 -0 &
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Profect X SC Linac V1: Fractional Loss -

Projet X IC2 2.5MeV - 3 GeV CW Linac
Fractional Loss Due to Intrabeam Stripping

1.00e-05 Based on data from TraceWin/Partran with SC, 200k Particles

1.00e-06-- §-¥

Fractional Particle Loss [1/m]

:I__()[)e_()jI ___.___;__ ___ - _________.___.____

1.00e-08

j i j j i j i
0 50 100 150 200 250 300 350 400
z [m]
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Project X CW Linac V1: Avg Power Loss

het

Projet X IC2 2.5MeV - 3 GeV CW Linac
Estimated Power Loss Due to Intrabeam Stripping

05 Based on data from TraceWin/Partran with SC, 200k Particles
oal
Eo.3 - -
=)
a
S
a
3
a 0.2 B
0.0 i i i | i | i i
0 50 100 150 200 250 300 350 400 450
z [m]
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ProjectX  CW Linac V1: Integrated Power Loss S

Projet X IC2 2.5MeV - 3 GeV CW Linac
Integral Power Loss Due to Intrabeam Stripping

Based on data from TraceWin/Partran with SC, 200k Particles
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Project X

het

IBS Estimate in CW 650 MHz Variant no 2
(650 MHz 1-3 GeV, optimized with GenLinWin)
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Profect X CW Linac V2: Beam Sizes

Projet X IC2 2.5 MeV - 3 GeV CW Linac
RMS Beam Sizes in the Lab Frame
Based on data from TraceWin/Partran with SC, 200k Particles
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CW Linac V2: Velocities 4

Projet X IC2 2.5 MeV - 3 GeV CW Linac
Normalized Velocities Spread in the Beam Frame (transverse, long and total)

Based on data from TraceWin/Partran with SC, 200k Particles
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ProjectX  ¢W Linac V2: Fractional Loss #

Projet X IC2 2.5MeV - 3 GeV CW Linac
Fractional Loss Due to Intrabeam Stripping
Based on data from TraceWin/Partran with SC, 200k Particles
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ProjectX €W Linac V2: Avg Power Loss -

Projet X IC2 2.5MeV - 3 GeV CW Linac
Estimated Power Loss Due to Intrabeam Stripping

05 Based on data from TraceWin/Partran with SC, 200k Particles
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Prolect X cW Linac V2: Integrated Power Loss #

Projet X IC2 2.5MeV - 3 GeV CW Linac
Integral Power Loss Due to Intrabeam Stripping

Based on data from TraceWin/Partran with SC, 200k Particles
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Project X

het

Pulsed Linac 3-8 GeV
1 mA peak , 0.5 duty factor
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Clolset Beam Sizes

Projet X 3-8 GeV 1.3 GHz Pulsed Linac
RMS Beam Sizes in the Lab Frame
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ProfectX Velocities

R

Projet X 3-8 GeV 1.3 GHz Pulsed Linac
Normalized Velocities Spread in the Beam Frame
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Project X Fractional Loss (1 mA peak, DF=05) 2%

Projet X 3-8 GeV 1.3 GHz Pulsed Linac

Fractional Loss Due to Intrabeam Stripping
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ProiectX  power Loss (1 mA peak, DF = 0.5) -

Projet X 3-8 GeV 1.3 GHz Pulsed Linac
Fractional Loss Due to Intrabeam Stripping
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Project X

het

3- 8 GeV Pulsed Linac
50 mA, 0.01 Duty Factor
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Proiect X Fractional Loss (50 mA peak, 0.01 DF) #

Projet X 3-8 GeV 1.3 GHz Pulsed Linac
Fractional Loss Due to Intrabeam Stripping
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ProjectX  power Loss (50 mA, 0.01 DF)

Projet X IC2 3-8 GeV 1.3 GeV Pulsed Linac

het

0.10 Estimated Power Loss Due to Intrabeam Stripping
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Project X N ? T
] Conclusions 4=

* Assuming the IBS model is adequate, the predicted
power loss caused by H- stripping appears tolerable in
the current IC2 CW lattice.

Further studies and experimental results from SNS
will be helpful o gain more confidence about the
validity of the model.

* 0.1 W/m is manageable but nevertheless remains a
concern, especially in view of the uncertainties.

* As expected, the 650 MHz only lattice variants have
somewhat lower losses (weaker focusing)...

Pulsed linac 3-8 GeV seems not be a concern.
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