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COLTRIMS (a reaction microscope)

“C¢* puzzle”
(100 MeV/a.m.u. C®*+He—>C% +He"*+¢’)

Projectile coherence effects
(the role of the projectile’s wave packet)

Recent data for proton impact
(I MeV/a.m.u. H"+*He—>H"+He"+¢)
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Momentum uncertainties

* Determining energy and momentum
transfers, T and Q, using the respective
conservation laws:

T=E,+E+I-E; (E,E<<E,I
Q=k. *tk-q;
Agr ~ 0.15,/ Ty, a.u.

(in atomic units e=h=m_=1 and c=137)
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|00 MeV/a.m.u. Cé*+ He —» Cé+ He*+ e
at Q=0.75 a.u.and E_=6.5 eV,

v, = 58 a.u.



Experiment vs. Theory (CDWV-HF)
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Theoretical analysis of Cé* puzzle

o K.A. Kouzakov et al.
“Singly ionizing 100-MeV/amu C¢*+He
collisions with small momentum transfer”
Phys. Rev.A 86,032710 (2012)

» Comment by M. Schulz et al.
Phys. Rev.A 87,046701 (2013)

* Reply by K.A. Kouzakov et al.
Phys. Rev.A 87,046702 (2013)



Z,/v,~0.1= |** Born approximation (FBA)
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Possible explanations for the failure
of FBA

» Relativistic effects
(the C®* velocity is almost 0.5¢)

e Second Born effects

(FBA gives a flat angular distribution in the
perpendicular plane)

 Distorted-wave effects
(due to the C*"-a Coulomb interaction)



Relativistic effects
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J=(pv+vp)/2

Vp 3ri(Q)  vpvg
c2pri(Q) c?

v,/c = 2 butv,/c << |.

The Lorentz factor is about y = |.1.
It means scaling up of the FDCS by a
factor of about |.2.



Second Born effects

SBA __ 7 FBA SBA
Tpim =Ty 0T

TSBA Z/ d%p AnZ, 4nZ,
27)} (Q —p)?* p?

v pfn(Q — p) — 28fn][pni(p) — 251@5]
vV, pt+e —e+i0 '

STfSBA d’p dnZ, 4nZ,
’ 2m)? (Q —p)* p?

y pri(Q)—207(Q —p) — 207 (p) + ££:(Q.P)

v, -p—&+1i0 ’

g7 (Q,p) = (\pf|€f(Q—p)-l‘1€ipl‘2 1 QP2 ipr 4|W;).



3.0

25

20

1.5 |

FDCS (10" a.u.)

B Expt.
— FBA
SBA (x0.99)

£=12459 eV .

0.8 |- i
]
] n
[

06} - .
=) o
o ]
o [
Z 04 m - - i
8 - [ - [ B ]
@) [ - o '.
L - - n

0.2 | i

m "pg
OO |||||||| | T T N T W B M 1 | I N T T A T T | | IV T T T W TN
0° 90° 180° 270° 360°

Ejection angle

SBA

VS.
Experiment



Distorted-wave effects

Zp

T]?WBA _ W(f_)‘p 1//(+) n
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Glauber or eikonal approximation
'TDWBA /dzb (v b)2117[ dzq FBA(Q qQ)
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Possible explanations for the failure
of FBA

o Relativisticoff
(the C®* velocity is almost 0.5¢)

- Second Born-effects

(FBA gives a flat angular distribution in the
perpendicular plane)

- Distorted-wave-effects

(due to the Cé*-a Coulomb interaction)



Finite momentum resolution

. Fiol et al, ]. Phys. B 39, L285 (2006)

Q - ke + kl —qn <AqT>~0'15 THe a.u.




M. Durr et al [PRA 75,062708 (2007)]
refuted the results of J. Fiol et al

Comments from Michael Schulz:

 Fiol et al work with T, .=16 K (which would correspond
to a momentum resolution of |.3 a.u.!). But that is a
ridiculous value, the real temperature in the experiment
was about | - 2 K (AQ_x =0.23 a.u, AQ_y=0.46 a.u.).

Comments from Masahiko Takahashi:

| have tried to contact a Japanese researcher who has
measured velocity spreads and mean velocities of
neutral atomic beams, such as He, Ne, Kr; and Ar... the
observed lowest temperature, among his data, relating
to velocity spread is 17 K.



Convolution with experimental uncertainties
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Conclusions of our analysis

* No well-established theory explains the
“Cé* puzzle”

 There are indications that the “C¢*
puzzle” can be due to momentum spread
of the He atoms

* New, independent measurements are
needed
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“C¢* puzzle”
(100 MeV/a.m.u. C®*+He—>C%" +He*+¢’)

Projectile coherence effects
(the role of the projectile’s wave packet)

Recent data for proton impact
(I MeV/a.m.u.H"+He—>H"+He™+e")



Comment on our analysis by M. Schulz
et al, Phys. Rev. A 87,046701 (2013)

.. The experimental resolution is
responsible only for part of the
discrepancies between theory and
experiment.

i. The remaining part can be
explained by the finite projectile
coherence length

Ar ~10-3 a.u.



Diffraction of projectile beam

“Airy Disc”

Ar ~ 1073 a.u.

This value is by orders of magnitude
smaller than the atomic size!



Time-dependent scattering theory
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Projectile wave packet

¢y(ap) = [dre "W, (r,,t = 0)

The width in momentum space is huge:

Ap ~ 1/Ar =~ 10°a.u.

2

But in velocity space it is small:

Av ~ cAp/\/k2 + M?2c* ~ 0.04a.u.
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Experiment by M. S. Schoffler et al.
(unpublished)

| MeV/a.m.u.H™+ He > H™+ He™+ e
at Q=0.75 a.u.and E_.=6.5 eV

(the same as in the C®* case)

vpzé a.u. — ZP/VP""O. |5



FBA (black)
Experiment (red)
normalized to max.
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THANK YOU FOR YOUR
ATTENTION!



