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Goals

H —p+ 2e

H- | > P+ 2€ H- - p+ 2e

Foll

e Replacement of stripping foil by laser assistant
stripping

_ Foll (Beam on)
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Three-step laser stripping scheme

V. Danilov (2003)

High-field Dipole High-field Dipole
Magnet Magnet

Step 1: Lorentz Step 2: Resonant laser Step 3: Lorentz
Stripping Excitation Stripping

H > H +e HO (n=1) + y - H°% (n=3) H” > p+e
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Proof of principle experiment (2006)
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The maximal achieved efficiency: 0.85+0.1 (15t run) and 0.9+0.05 (2"9 run)
Stripping time: about 10 ns

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

National Laboratory




Theory of the Laser Stripping

Step 1: Lorentz
Stripping

High-field Dipole
Magnet

H > H+e

7.1.7 Lorentz Stripping of H™ Ions [1]
M.A. Furman, LBNL

When a H™ ion moves in a magnetic field j
experiences a Lorentz force that bends its traja.
tory and also tends to break it up since the profy
and electrons are bent in opposite directions,
the binding energy of the extra electron is only
0.755 eV. The breakup is a probabilistic proce;;j
and quantum-mechanical in nature. In the ion rest
frame, the stripping force is effected by the ele

l/ s\ e-. tric field E that is the Lorentz-transform of fhe

- R I @i magneucﬁeldBmthelab E = ¥'ByB, whee

\ / L #' = 0.3 GV/T-m. For the H™ ion, E[MV /cm
e 3.197 p[GeV /c] B[T).

The lifetime of the ion in an electric field e
be calculated by applying the WKB approximi-
tion to the tnneling probability [2]-[4]. It ha
also been measured in ceveral experiments [5]+ [l]t
whose results, for the jon’s lifetime 7 in its ot

8] are fairly consistenl
with each other, but are not consistent with [0
Ref.[7], which covers the range F = 1.87 -2l
MV/em, has A = 7.96 x 10~14 ¢ MV/em and
C = 42,56 MV/cm, while Ref.[8], which co

E = 1.87-7.02MV/em, has A = (2.47%0. 09)%
10~ s MV/cm and C' = 44.94 + (.10 MV/em
The mean decay length in the lab is given by

A=chyr

. BH® S5% eSS saOoScoODoEanDoRSeSoomea—

OAK
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Two level atom (Schrodinger equation)

The model is valid only for E=B=0 and linear polarized laser field

{Cl — C3313(E|_)

C3 — C1531(E|_)

n=3—— 3p
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First way to compensate energy spread

Bad laser optics Good laser optics
scheme
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Second way to compensate energy spread

No angle-energy angle-energy
correlation correlation is not
Zero
y4
HO HO

Necessary correlation is

oLy . given by dispersion
Perfect - function
correlation 1 D, =2.6 for T=1 GeV
beam
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Proof of plasticity
experiment
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Advanced physical model

Unperturbed atom  Atom in electric field

@

Q

High-field Dipole
Magnet

High-field Dipole
Spontaneous decay M ag net

losses

“_H'H"‘"\"‘"H“EHH'l"}"l"l"l'“&“mﬂn’a H H STV
i i

o Stark effect at the interaction point

_

e Spontaneous decay losses

e Lorentz stripping of HY excited beam
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Lorentz stripping of H? excited beam in the fringe

magnetic field
Lorentz - Lorentz -

stripping oy stripping

_____________________

Perfect field S Real field
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Emittance growth at the fringe field

B

Fringe field: F(] = 5 T v 3 5 5
| T 1+ emlar + anlp) + as(3)? + as5)P + as(p)t + as(5)°]

-
=
=
=

100 -

Normalized rms emittance growth (mm mrad)
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Schrodinger equation approach

Spontaneous decay can not be taken into account

o N
ih%—?z HEEN -  6.0)=30 1S, N =12+3° =10
n=1
10 equations Continuum
h V13 n :3 cn"-r;in\/.nic
n=2
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Density matrix approach

Everything can be taken into account

Master equation — 0. () =D[p] m,n=1N N=1+2°+3°

196 equations

continuum

h Vi3 n=3—/——
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Computer application for laser stripping

user o
We can optimize parameters of laser

beam and H- beam for better stripping
efficiency

X
i

About 5 parameters

wrapper for description of the
laser beam
Ho .
¢ Emittance parameters
HO ¢ for description of the
HO beam
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Location for the new experiment

T4l ARE HERE

you are here
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Experimental studies

Parameter Value

The longitudinal energy of the ions | 1 GeV

Relative spread of the longitudinal | 0.5-103

energy o,/T

Tewim Micro-bunch duration 30 ps

Py <30m

By 0.75m o
= Laser Stripping

o, 0 p— location

= - HEBT

D,/ dispersion derivative 2.6

D, dispersion Om

€, 0.3 m-mm-mrad

€ 0.3 m:-mm-mrad

e ) OAK
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Preliminary tune of dispersion function

Laser Stripping
interaction point

Calculation and optimization Dispersion measurement
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Laser stripping via a broad shape resonance
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Hydrogen atom in a strong electric field
HO Ho° HO
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Third way to compensate energy spread

High-field Dipole But they will all be excited
Magnet because of the broad

_ _ _ shape resonance
Different particles will see

the different frequencies of

laser
\A A

' £ n=2
‘| A
Ho o
e.é’ .........
B hv,
. hv,
hv,
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Advantages of the scheme

High-field Dipole
Magnet

e Possibility to recycle laser beam

\ e No spontaneous transition losses
.
o et e Small emittance growth
- gk e Using just one stripping dipole
(?—.%..: ......... ...L\:!ﬁ;..m: ......... @:---p magnet (the Scheme iS more
N compact)
e Can be applied for energy 4 GeV and
€ more (considered as disadvantage)

Recycler (cavity)
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