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Outline

History of laser stripping

Proof of principle experiment

Physical model

Proof of practicity experiment

Experimental studies

Future plans and ideas for SNS and other 
projects
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Goals

Replacement of stripping foil by laser assistant 
stripping

H- p + 2e-

H-

Foil

p + 2e- H- p + 2e-

Foil (Beam on)
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H- H0 H0*

Step 1: Lorentz 
Stripping

Step 2: Resonant laser 
Excitation 

Step 3: Lorentz 
Stripping

High-field Dipole 
Magnet

High-field Dipole 
Magnet

H- H0 + e- H0 (n=1) + H0* (n=3) H0* p + e-

Three-step laser stripping scheme
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V. Danilov (2003)
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Proof of principle experiment (2006)

mini-pulse

The maximal achieved efficiency: 0.85±0.1 (1st run) and 0.9±0.05 (2nd run)

Stripping time: about 10 ns 
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Theory of the Laser Stripping

H- H0

Step 1: Lorentz 
Stripping

High-field Dipole 
Magnet

H- H0 + e-

e

e

e



8 Managed by UT-Battelle
for the Department of Energy Presentation_name

Two level atom (Schrodinger equation)
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H0

First way to compensate energy spread

e

Bad laser optics 
scheme

Good laser optics
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H0

Second way to compensate energy spread

H0

No angle-energy 
correlation

angle-energy 
correlation is not 

zero

pz

x

z

Necessary correlation is 
given by dispersion 

function 

Dx’=2.6 for T=1 GeV 
beam

Perfect 

correlation

x
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Proof of plasticity 

experiment
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Advanced physical model

Ground 

state

External field

H0

High-field Dipole 
Magnet

High-field Dipole 
Magnet

H-

Stark effect at the interaction point

Spontaneous decay losses

Lorentz stripping of H0 excited beam

Atom in electric fieldUnperturbed atom

Spontaneous decay 
losses
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Lorentz stripping of H
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Emittance growth at the fringe field

Fringe field:

T=4 GeV
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Schrödinger equation approach
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Stark 
sublevels

Spontaneous decay can not be taken into account

continuum10 equations
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Density matrix approach

23h
13h n =3
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Stark 
sublevels

Everything can be taken into account

continuum
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Computer application for laser stripping

Python

wrapper

C++

ORBIT

user

PyORBIT

We can optimize parameters of laser 
beam and H- beam for better stripping 

efficiency
x

z

y

H0

H0

Hydrogen Beam

Laser Beam

H0

H0

About 5 parameters 
for description of the 

laser beam

Emittance parameters 
for description of the 

H0 beam
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Location for the new experiment
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Experimental studies

RingParameter Value

The longitudinal energy of the ions 1 GeV

Relative spread of the longitudinal

energy σT/T

0.5·10-3

τFWHM micro-bunch duration 30 ps

x < 30 m

y 0.75 m

x 0

y 0

Dx dispersion derivative 2.6

Dx dispersion 0 m

εx 0.3 ·mm·mrad

εy 0.3 ·mm·mrad
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Preliminary tune of dispersion function

Laser Stripping 
interaction point
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Laser stripping via a broad shape resonance



23 Managed by UT-Battelle
for the Department of Energy Presentation_name

Hydrogen atom in a strong electric field
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H0

Third way to compensate energy spread

e

High-field Dipole 
Magnet

e

e

hν1

n=1

n=2

Different particles will see 
the different frequencies of 

laser

hν2

hν3

But they will all be excited 
because of the broad 

shape resonance
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Advantages of the scheme

Recycler (cavity)

H0

e

High-field Dipole 
Magnet

e

e

Possibility to recycle laser beam

No spontaneous transition losses

Small emittance growth

Using just one stripping dipole 
magnet (the scheme is more 
compact)

Can be applied for energy 4 GeV and 
more (considered as disadvantage)
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