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Coffee and Registration.

11:30 Session 1. Introduction

Chair W G Stirling
11:30 Welcome.

A.D.Taylor (ISIS Facility, UK)
11:45 History of Neutron Compton Scattering.

H.R. Glyde, (University of Delaware, USA)
12:10 Description of the current eVS instrument.

J.Mayers (ISIS Facility, UK)
12:35 Introduction to the VESUVIO project.

C. Andreani (Universitd di Tor Vergata, Rome, Italy)
12:50 Lunch

14:00 Session 2. Examples of eVS Measurements.

Chair R Simmons

14:00

14:20

14:40

15:00

15:20

15:40

16:00

eVS measurements on the kinetic energy of helium
M.Zoppi (CNR-IEQ, Florence, Italy).

eVS measurements on Catalysts

P Mitchell (Department of Chemistry, Reading University, UK)

Final State Effects and anharmonicity in Graphite

D Timms (Department of Physics, Portsmouth University, UK)

eVS measurements and neutron spectroscopy.
F Fillaux (CNRS, Paris, France)

eVS Measurements on Glasses and high T, superconductors
F Mompean (Instituto de Ciencias de Materiales de Madrid, Spain)

Measurements and Calculations on H2/D2
D.Colognesi (CNR,GNSM Rome, Italy)

Coffee



16:30 Session 3: Instrument Hardware and Software.

Chair C Andreani

16:30 Critical review of eVS data analysis.
D Sivia (ISIS Facility, UK)

16:50 Multiple scattering corrections and instrument resolution calibration.
A Fielding (Liverpool University,UK)

17:10 Planned improvements in count rate. Description of detector tests.
Limitations of current eVS detectors. How these will be improved.
R Senesi (Universitd di Tor Vergata, Rome,Italy)

17:40 Panel Discussion: (J Mayers, ,J Tomkinson, J Norris, N Rhodes, M
Zoppi, C Andreani, R Simmons, W G Stirling)

18:30 End of Session

20:00 Dinner

Saturday 27" November 1999

9:00 “Adventurous’ experiments and new possibilities.

Chair H Glyde

09:00 Measurement of Atomic Kinetic Energies using synchrotron radiation
A Cunsolo, (ESRF, Grenoble, France)

09:30 Quantum Correlations in condensed matter revealed by Neutron
Compton scattering.
E. Karlsson (Department of Physics, Uppsala University, Sweden)

10:05 Reconstruction of proton momentum distributions and wave functions
from eVS data
G. Reiter (University of Houston, USA)

10:35 Coffee.

11:05 Panel Discussion. (G Reiter, H Glyde, R Simmons, W G Stirling, J
Mayers, C Andreani, J Tomkinson)

12:30 Lunch.



Vesuvio Workshop

Cosener’s House, Abingdon. 26/27 November 1999

Friday 26 Session 1

Chair: W.G. Stirling

The morning session began with a warm welcome and introduction from John
Tomkinson to over 30 participants who had travelled from the UK, Europe and the
USA. The first session, chaired by Bill Stirling from the University of Liverpool,
began with an introduction to the technique of neutron Compton scattering (NCS) by
Henry Glyde from the University of Delaware. He introduced the concepts of the
impulse approximation (IA) and Final State effects (FSE) and how expanding the
scattering function can give direct information on the momentum distribution n(p), as
well as FSE. Finally he gave a brief historical sketch of the key theories and
measurements that have brought the technique to where it is today.

This was followed by a talk by Jerry Mayers, the instrument scientist of the
eVS spectrometer. He described the current status of the instrument describing the
filter difference technique and how eVS can measure J(y) and mean kinetic energies.
He gave illustrations of some key measurements on molecular hydrogen and “He. He
concluded by introducing the VESUVIO project.

Carla Andreani concluded the morning session by describing in more detail
the VESUVIO project and what it aims to deliver. This includes

¢ Improvement of count rate.

¢ Improvement of resolution.

e Developing a theoretical framework for NCS.

o Test experiments quantum fluids and molecular systems.

e Possibility of measuring eV magnetic and electronic excitations.

e Training of young scientists.



Afternoon Session 2

Chair: R. Simmons

The first afternoon session was chaired by Ralph Simmons from the
University of Illinois and included a series of talks that reported the results of some of
the successful eVS measurements that have been performed over the last 5 years.
Marco Zoppi from CNR-IEQ in Florence showed the results of his groups work on
the study of the kinetic energy of solid and liquid helium as a function of density. Phil
Mitchell of the University of Reading talked about the information that the NCS
technique can give chemists with particular emphasis on his measurements on
hydrogen in catalysts and xenon in catalysts. Dave Timms from the University of
Portsmouth presented results of a series of measurements that have been carried out
on pyrolytic graphite. Pyrolytic graphite has a highly anisotropic momentum
distribution and this was measured as a function of temperature. An anisotropy in the
<V?V> was also measured from the final state effects. Francois Fillaux of the CNRS,
Paris, gave a talk that showed how eV spectroscopy can complement other neutron
spectroscopy techniques in helping chemists understand the hydrogen bond. Federico
Mompean of the Institute of Materials Sciences, Madrid presented results of a series
of measurements on glass systems and also the high T. superconductor PrBaCuFeO
that were made using the eVS. Daniele Colognesi of CNR, GNSM , Rome and ISIS
gave a talk on work that has been carried out on molecular hydrogen and deuterium.
He compared experimental data with existing theories on these systems and also new
theories that have recently been developed. Finally, to conclude the session Aris
Dreismann of T.U. Berlin gave an impromptu presentation of some new results on the
quantum entanglement of the proton and deuteron in the Ho/D, system that showed

significant anomalies in the measured cross-section of the proton.

The final session of the afternoon was given over to talks on instrument hardware and
software and was chaired by Carla Andreani. Davinder Sivia from the ISIS Facility
gave a critical review of the eVS data analysis procedures in the Bayesian framework.
Andrew Fielding of the University of Liverpool and ISIS gave a presentation
describing the procedures that are used to calibrate the eVS. This included the

calibration of detector positions as well as the instrument resolution and energies of



the analyser foils. Roberto Senesi from the Universita di Tor Vergata, Rome gave an
account of work that is currently ongoing regarding the development of the new
detector bank as part of the VESUVIO workshop. Tests that have already been carried
out as well as planned tests that will explore the possibilities for optimisation of all

aspects of the detectors and electronics in eV neutron spectroscopy were discussed.

Saturday 27" November

Morning Session

The title of this session, chaired by Henry Glyde, was Adventurous experiments and
new possibilities. The first speaker was Alessandro Cunsolo from the ESRF, Grenoble
who spoke about the technique of measuring atomic kinetic energies using inelastic x-
ray scattering. Results were shown of measurements made on He and *He as a
function of temperature and density in the q range 7.8 — 24 A1 Erik Karlsson from
Uppsala University spoke of recent results on quantum correlation’s in condensed
matter that have been revealed using the technique of NCS. Anomalies in the
measured cross-sections made on H,O-D,O mixtures and Nb Hydrides/Deuterides
have been observed. He spoke of new work to develop a possible theory to explain the
anomalies. The final talk of the morning was given by George Reiter of the University
of Houston on recent developments in the work he has carried out with Jerry Mayers
in developing the technique of reconstructing n(p) from measurements made on eVS.
Software is now available that allows the n(p) to be reconstructed from eVS J(y)
measurements by fitting a sum of Hermite polynomials to the data. The n(p) can then

be simply reconstructed from the fit coefficients.

Panel Discussion

A lively open discussion rounded off the two day workshop during which a number of
issues were discussed.

The reproducibility of eVS measurements was discussed at various times through the
two days. In particular it should be possible to have the detectors in a few fixed
positions so that measurements can be easily reproduced. However, the point was
made that measurements on the inert gases/solids taken over many years, with slightly

different detector geometry's have shown good consistency.



The question of how well the resolution function is known for measurements on
helium was raised and discussed. The question seemed to be, is the resolution
obtained using the eVS calibration procedures understood well enough to allow
lineshape analysis and accurate kinetic energies or is a more complicated calculation
of the lineshape of the instrumental resolution required. It was agreed that more work
on simulating the instrument response would be useful.

A number of talks during the workshop showed the potential of electron volt
spectroscopy for measurements on oxygen and carbon. The point was made that for
such measurements vanadium and niobium cans (rather than the standard aluminium)
would simplify the data analysis due to the better mass separation between the

background and carbon/oxygen peaks.
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Condensate, Momentum Distribution and
Final-State Effects in Liquid *He

R.T. Azuah and W.G. Stirling
Department of Physics, Oliver Lodge Laboratory, University of Liverpool, Liverpool L69 3BX, U.K

H.R. Glyde
Department of Physics and Astronomy, University of Delaware, Newark, Delaware 19716

Abstract

Wé‘f";)resent high precision measurements of the dynamic struc-
ture factor J(Q,y) of liquid *He at several temperatures over a wide
wavevector transfer range, 15 < @ < 29 A. The data show that
J(Q,y) is very similar at temperatures T = 3.5 K and T =23 Kin
the normal liquid phase (T > Tx = 2.17 K). It is also quite similar
at temperatures T = 0.5 K, 1.3 K and T = 1.6 K in the superfluid
phase (T < T»). However, J(Q,y) is very different above and below
T\. Below T, J(Q, y) contains a pronounced additional contribution
near y = 0 that is asymmetric about y = 0 reflecting a condensate
contribution modified by asymmetric final-state (FS) effects. We an-
alyze the data at all T using the same model of J(Q, y) consisting of
a condensate fraction ng, a momentum distribution n*(k) for states
k > 0 above the condensate and a FS broadening function R(Q,y).
With data at many Q values all seven adjustable parameters in the
model can be determined. We find a condensate fraction ng = 7% 1%
at T = 0.5 K, and ng = 0 for T > T». The n*(k) is narrower than a
Gaussian in both superfluid and normal *He and somewhat narrower
in normal *He where ng = 0. The final state function is the same
within precision above and below T}, but better determined below
Tx. The precise form of R(Q, y) is important in determining the value
of ng(T) below T, but less critical in determining n*(k) above Ty
where ﬁg =0.
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PHYSICAL REVIEW B VOLUME 56, NUMBER 22 | DECEMBER 1997-I
Condensate and ﬁnal-state effects in superﬂuld 4He

R.T Azuah*andw G. Stu'hng -
Depanment of Physics, University of Keele, Keele ST5 5BG, United ngdom

H. R. Glyde and M. Boninsegni*
Department of Physics and Astronomy, University of Delaware, Newark, Delaware 19716

. . -P. E Sokol . o
Department of Physics, Pemu'ylvama State University, Uruversuy Park. Pennsylvania 16802

S. M. Bennington
ISIS Division, Rutherford Appleton Laboratory, Didcot OX11 0QX, United Kingdom
(Received 15 April 1997; revised manuscript received 11 August 1997)

We present high-precision measurements of the dynamics of single atoms in superfluid ‘He at T=1.6 K and
saturated vapor pressure. The measurements were taken on the MARI instrument at the ISIS neutron- -scattering
facility, Rutherford-Appleton Laboratory. From the measurements we obtain a condensate fraction ny=6.0
+7.0% at T= 1.6 K. The final-state effects (FSE’s) in the atomic response are also determined from the data
in the form of a. final-state broadening function, R(Q,y}. We find that this FS function is the same in the
superfluid at T 1.6 K as that determined previously in normal *He at T=2.3 K. If we reanalyze the data
assuming that the superfluid has no condensate, i.e., ng=0, then the data requires that the normal n(k) change
dramatically between T=2.3 K and T=1.6 K. Since such a change in n(k) is physically unexpected, given
that kT is much less than the zero-point energy, the data requires that a new contribution, such as a condensate,
enter n(k) in the superfluid. {S0163-1829(97)04946-1]
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Printed tn Belghon

Momentum Distributio;l and Final State
Effects in Liquid Neon

R. T. Azuah,"* W. G. Stirling,"" H. R. Glyde,? and M. Boninsegni’

'Depar__téfe;n;_of Physics, University of Keele. Keele S T.f 5BG. UK
:Depukr_{ig'enl of Physics and Astronomy. University of Delaware,
Newark, Delaware 19716, USA

(Received December 23, 1996; revised June 13, 1997)

We report high precision inelastic neutron scattering measurements in liquid
Neon at a temperature of 25.8 K and saturated vapour pressure. The data
covers a wide range of energy and momentum transfer (24-'<Q<
13A47'). The atomic momentum distribution, n(p). and final state effects
(FSE) can be readily extracted from this intermediate wavevector transfer
data provided a suitable: method of analysis is used. We ‘find that the
momentum distribution in liquid Neon is marginally sharper than a Gaussian
and that final state effects contribute predominantly an antisymmetric com-
ponent to the the dynamic structure factor. The width of n(p) and the kinetic
energy are increased by 37% above the classical values due to quantum
effects. The experimental results are in agreement with theoretical values
obtained by a Path Integral Monte Carlo simulation. :
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Excitations in Liquid and
Solid Helium
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University of Delaware
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IMPULSE APPROXIMATION

Q — oo
t—0
Free atem:. w= (k+Q)2/2m—k2/2m

S1a(Q,w) = f dk n(k) §(w — wr — k - VR)

n(k) — momentum distribution
h@ .
VR = -HQ - — Recoil velocity
hQ? :
WR=Tor = Recoil energy

e;‘g; ﬁ»(k) - noa'(k)' s}A(Q, w) = S(w — wp)

Sia  — “Doppler Broadened” by n(k)
Observe n(k) in St4




DEFINE y - scaling

y: (w — wr)/vR “wavevector”
§'= vpt “length”

J1a(y) = vrS14(Q,w) = _/dk n(k) 6(y — kq)

- / dk, dk,n(ks, ky, y)
= n(kq) % parallel to Q

— Longitudinal momentum distribution. 1D
eg. n(k) - Gaussian, MB

Jialy) =n(y) ~ eV @ =(kg) =0

1D Gaussian centred at y = 0.
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MOMENTUM DISTRIBUTION
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0.02 3
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0.00 \
=20 -10 0
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Classical Maxwell — Boltzmann

Bose — Einstein Condensation
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INCLUDE FINAL STATE EFFECTS

— struck atom recoils and
collides with neighbours
Observe:

J(@Qy) = [ dy'Ta@)RQy - v)
IA FS

— definition of R(Q,y)
FS Broadening Function

S(Q,t) , J(Q,s) s = Vgt

s — distance travelled in time ¢

S(Q,w)_=fdt et S:(Q,1)
| Ss(Q,t)":' (e-fQ-f(t)efé-r'(q)> 02104
JQu)= fd's & J(Q, s)
J(Q,s) = Jra(s)R(Q, s)

ToT
IA. FS

Gefsch 'e" Rodriguez C1293 )




DYNAMIC STRUCTURE FACTOR

Q,w — Large s,t—0 s = vgt

short time (), short distance (s)
representation of S(Q,t)

INCO___;IERENT s@1) 8@ =1

S(Q.1) = (7))
— (eth e—iQ.re—thea'Q.r )
— (ethe—iH'(k+Q)t)

= (T;e~"" IN dt'kq(t')) g—iwnt

r - position of struck atom

k - momentum of struck atom

J(Q,s) = S(Q,1
J(Q,s).= (Tye~* Jo 4'kale))
kq(s') - struck atom momentum

after it has travelled
a distance s’.




DYNAMIC STRUCTURE FACTOR

JQu) = &[ dse™I(@,s)
. —i [ ds’kq(s')
J(Q,s) = (T.e"'ho ) — Exact
y = #(w — WR) — y scaling variable
vp = h;?— — free atom recoil velocity
WRp = '—‘29"; — free atom recoil enérgy
s = wpt | — conjugafe to y, distance

traveled by “struck” atom

kq — momentum of the “struck”
atom along wavevector Q,

ko =k-Q




IMPULSE APPROXIMATION

Q,8) = (T, e~ Jod'kale)) — Exact

— assume that the “struck” atom is “free”,

does not strike neighbours

s = wvgt — atom travels only a
short distance; s small,

t short

'qu(s) = kq(0)+kqs+°" .

i

kq(0) = kg — initial momentum.

14(3) (e=tka®) — Impulse Approximation
—[A(y) — %r'fds eiya(e—ikqa)
= [dk n(k) é(y — kq)

[ dkz dky n(kz, ky,y) = n(y)

14(y)

Longitudinal momentum distribution




ONE-BODY DENSITY MATRIX (OBDM)

OBDM - Fundamental Property

A0 = () (pa(e,0) = (B + D))
pi1(s,0) = (e*@*) = Jpu(s) r=sQ
Jia(s) — OBDM for displacements s along Q

Momentum Distribution .

n(k) 25 J dre®Tpy(r,0)

n(y) = n(kq) = 5;Jdse™pi(s,0) -

[ dkydkyn(ks, ky, ko)

n(y) — Longitudinal momentum distribution




EXPANSION OF DYNAMIC STRUCTURE FACTOR

Expand J(Q, s) and Jra(s) in powers of s (small).
Determine expansion coefficients by fitting expansion to data.

Determine n(s), R(Q,s) as a series.




IA — OBDM, n(k)
Normal Fluid
n*(s)

JIA('S)'—_ exp [_028 ﬁ";-!i __IOfﬂ‘ + - ]

J1a(s) = (e~*e?*)

12

S UL

—_ (ké) =0.2’

Q
[ -]
I

@ = (k§)—3(k3)?

T = (kS) — 15(kb)(k3) + 30(k3)°
- — valid for a normal fluid/solid.

- Bose Condensate

n(s) = no[L + f()] +n*(s)

no — Condensate Fraction




IMPULSE APPROXIMATION: VALIDITY

JIA(s) = (e‘"‘Q'> ~ e—%(’%)’z

IA obtained using

“kq(s) = ko(0)+ kqs+ 3+
.:l-lg: = kQ (0) = k'Q
Require
i&th < ko

_ ; Fq

82 ,s (ké) 1 kQ = }—{1;2'
Fq
<1
AQ(k3)

“average” Force on struck atom.

@ =02 (K)=3Mkd)
R /m

- S = M
v, © ha<key®

- _Sco:tte.rw’ms -!:t;«.-c
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Fic. 7.5. One-body density matrix. (7.26) in liquid ‘He. Upper: "at T
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|iguid Neon T=235.8 K

Momentum Distribution
- Full n(k)

- Gaussian Component

n(k) - Nearly Gaussian,
eRES=5219 + 25K 320G T =38 7K

— Full
Gaus. Comp.

LIQUID Ne
T = 258K

a(k) (8% (x1000)




$(Q,w) AND FINAL STATE FUNCTION

R e e e |
gy = = (k3) - IA . WRE ’Eﬂ%
I = @ /on _ FS
i, = @G4/vr+ 8 - FS5+1IA
I = T/} +Tafor ~ — FS

[76 = Eeg/v}3+664/v,22+66 — FS+ IA
71-3 = (Vzv)/ﬁh —4 = (Fg)/hz

J(Q, s) = exp [& + B] = exp [@] exp 7]
. i Final State Function |

1(Q.5) = Jra(s) R(Q, s) |




FINAL STATE FUNCTION

J(Q,3) = Jra(s)R(Q, s)

7(@,5) = exp [l exp ]

1°T | s'@ 0SS (@ an
R(Q,s) = exp [3! VR —— Z!*vfz 5! \vg * V%
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hQ

Vp = ——
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DYNAMIC STRUCTURE FACTOR
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i =0 = (k) = o’ — n(k)
fis=a3/vr - - FS
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FINAL STATE EFFECTS: MAGNITUDE
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STORICAL SKETCH:

. In the beginning
— Miller, Pines and Noziéres (1962), Hohenberg and

Platzman (1966) propose measuring n(k),n, by
neutron scattering at high Q. |

. Many “meoasurements” of n, using reactor neutrons at
5<Q<10 A"'. Wide range of n, obtained (see Martel et
al., JLTP (1976) for a review). (2<ny<17%)

-  Sears (1969) — expréssions for S(Q,w) at high Q.
Additive Expansion.

e  Gerch and Rodriguez (1973) — PR A8, 905 ‘
— define FS function R(Q.y) as a convolution. |

\

|

*  Sears et al. (1982) — PRL
— first systematic and results for ny; reduce coherent,
FS effects account for f(k) term.
10<ny<13%
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C. Addean:

A novel instrument for neutron spectroscopy
at eV energies

CLRC- RAL (UK), TNEM (IT), Univ. of Liver pool (UK)

J. Tomkiﬂson (ISIS‘UK , Coording :
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» NEUTRON SCATTERING
20 A < q <200 A™! and 7w > leV
» EXPERIMENTAL TECHNIQUE

* PROJECT DELIVERALES

* EXAMPLE OF APPLICATIONS



Deep Inelastic Neutron Scattering

(DINS)

' q ¢ 200 A’

Ifqg>> 2(—7 then o; — o and:

qﬁ

where:

Si(q,w) =Y pr |< Flexpliqr)|I >|* §(hw+Er—EF)
I F

- Hightw: k>4 eV
Impulse approxiimation
r(t) =r(0) + q7; e U,
| | 22 hq-p
IA _ Na:¥ '
— —\2 2
IA N I _ pHhq) hp

|

\/ L A
~ %} ';%“‘!“L_ Ao 1/-"-\51,1\0 acend
|




(energy conservation 111 a free system:

9.
_ pe _ pmq)
Er = o — Br 207 a7 )

- West scaling:

1/
v—=
/ " )

hq

qLe0 ¥ Fly,.q) = MS( — s FNY) = n(y)

} where:

n:(p.

)
but for ¢ < oo (hn( state mtmamon)
,q) = 2Ry, q)
d

(deconp Img')

=/ X ('lp.,. /’& dp,n(p)

- L\roiocula.r flui

If
AY
v =>0(Ry. Rpn) Il 6i(r;)
(=1

then

S(Qyw) = 5(_‘.'.-\/((];-'&0’) & 5/-((1,60)

F(q,y) = Frar(q,y) ® Fu(q,y)



CLASSICAL IDEAL GAS

(p) S(Q.E)
. MkT 2/2MkT§
] h2Q? /oM E
FERMI LIQUID (3He)
/7 \
7 / \
| / \
Pe
BOSE "CONDENSATE (4He) ™ ——
———— >T;\
A yd
N <Th ya \\
\\ //' N
/ AN

PARTICLE IN POTENTIAL WELL

———— SINGLE
DOUBLE
\
N / \
\ / \
\ / \
~
FIG 1. n(p) and S(Q,E) for four cases.
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eVS Spectrometer

- eV S: epithermal time of flight spectrometer

lnverse geometry — nuclear resonance

“BU - (6671 + 106) meV
Au : (4906 + 182) meV

beam: ¢ = 30 mm

detectors (Li glass): #32, A = 30° = ggo
range: fiw = (2 +32.4) eV, g = (32 +126) A1
resolution (H): ~ (1 +1.5) A-1

B VW



RESOLUTION CONPONENT

E
Au, U foils

U resonances : 6.7 eV, 20.7 eV, 37 eV

* FWHM (intrinsic width qt 6.7 eV) = 0.04 eV

. ler broadning at RT — 0.11 eV
. ler broadning at 70 K — 0.06 eV

Reduction factor 75

Ay, o

e R AR R ] - BI— SRR






Deliverables of the project

« New instrument tank
cold filter analysers
double difference techniques
» New Detectors for eV energies
Cerium-activated lithium glass scintillators
SLi(n, a)’H
Boron-loaded liquid scintillators '°B(n, &)'Li
» Neutron scattering formalism
20 A'< <200 A w>1leV
» Specific goal in experimental physics
» Chemistry/biology
hydogen-bonded polycristalline and single
crystals
» Atomic and molecular quantum systems
Materials Science:
amorphbus materials,
polymers,
catalysts
metal hydrides.

VIp gy nmmel LV DEREE VYL ERRNED VY



* Magnetic and electronic transitions:

transition metal spin-waves,
intermultiplet transitions in rare-earths and

actinides,
interband electronic transitions.

* Training of Young Scientists

- Workshop
26/27 November ISIS

http://www.roma2.infn. it/infm/vesuvio
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PARA -1,

100

<Ek>/ kB uq

°C

0 20 40 60
TK)

Translational kinetic energy <Ek> as a function of temperature T
for parahydrogen. Squares: p=22.41 molecules.nm?3; diamond:
p=10.45 molecules-nm3; circle: previous measurement by other
workers; stars: Path Integral Monte Carlo simulation; dashed line:
classical behavior; full line: harmonic oscillator model with a zero-
point energy corresponding to 68 K.
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Scattering

Angle (%)

106
123
137
152
148

Temperature (K)

1.3
1.7
1.9
2.5
1.5
2.5

A

Resonance
foil

Au

U

U

U

cooled U

Resonance
energy E; (eV)

4.908
6.671
6.671
6.671
6.671

o(Au) (A~

0.875 & 0.008
0.889 £ 0.009
0.903 + 0.009
0.963 + 0.009

(\)

Resonance Momentum  Energy

width transfer transfer

AE; (eV) g (A™D w (V) Ay (ATH

0.128 94 4.58 1.86 0.71

0.063 125 8.15 0.79 0.72

0.063 136 9.64 0.75 0.75

0.063 152 10.96 0.73 0.65

0.045 143 10.59 0.57 0.67
s(U) (A" . k(Auw) (K)  «(U) (K)  no
0.881 +0.011 139403 14.1+£04 15£4
0899 4+ 0.011 144+0.3 1474+04 1244
0.907 +0.011 14.8 +03 150404 10+ 4
0.945 +0.011 169403 162+04 O

135407 11.6£33

0.935 £ 0.019 159407 O

Ayr (A-1
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<Eg>(K) TK p(nm

8.11¢4 0.2
10.7 1.2
10.4£1.5 14
10.240.9 0.5
12.9+0.7 1.5
13 0
12.540.3 0
12.024+0.02 0

16.306
16.173
16.070
16.304
15.990
16.350
16.350
16.350

Ref

Sokol et al. (1985
Mook (19
Azuah et al 11995
Dimeo et al 119981
PRESENTE LAV. (1999
Usmani et al (1
Whithlock et al. 1987}
Moroni et al (1

Tabella 1. <Egx> in SHe liquido
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® -Gaussiana multivariata mediata
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CLRC

The Electron Volt Spectrometer (eVS)

Downstream
monitor
Scintillator
delectors
Sampls
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baam manitor
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CLRC

The Filter Difference Method
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CLRC

Quantum model

0.01
2
n(5) =|[y (7) exp(ip.F)dF
0 ) | . )
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Vesuvio Workshop, 26-27 November 1999
The Cosener's House, Abingdon (UK)

eVS and the quantum fluids:
the kinetic energy of helium

by

Marco Zoppi

Consiglio Nazionale delle Ricerche
Istituto di Elettronica Quantistica
Firenze, Italy

and

Ubaldo Bafile CNR-IEQ, Firenze, Italy
Fabrizio Barocchi INFM, Firenze, Italy
Milva Celli CNR-IEQ, Firenze, Italy
Renato Magli INFM, Firenze, Italy
Jerry Mayers ISIS, UK

Martin Neumann Universitit Wien, Austria

CNR-IEQ (Firenze, Italy)



The neutron cross section

d’c k
- N  LS(k,0)
dQdE~ h Kk,
where
« b = nuclear scattering length.
« ky,k; =incident and scattered neutron wave-vector.

« S(k,w) =the Van Hove dynamic structure factor:

+]‘Oa’t Idr exp{i[k T — oot]} G(r,?)

«  G{(r,?) =time-dependent pair correlation function:

G(r,t) = (51—)3 jdk exp(ik : r)F(k,t)

T

«  F(K,?) = intermediate scattering function:

> (expl-ik-1,(0)] expl +ik 1, (0)]

i,]

CNR-IEQ (Firenze, Italy)



As the momentum transfer increases. ..

Z <exp[—ik T, (O)] exp[+ik T, (t)]>

i.e. : the incoherent approximation applies.

If the momentum transfer increases more. ..

...we reach the so-called:

Impulse Approximation (I.A.) Regime

F(k,t) = F,,(Kk,t) = exp exp{ik v t})
where:
212
E ok Recoil Energy
2m
v = v(0) = velocity of the target particle at 1 = 0
and ...

.. the statistical average <---> is now independent of
the intermolecular potential.

y) CNR-IEQ (Firenze, Italy)



The scattering function within the L.A.

S(k,ho) = [dp n(p) 3(ho — Ey~hk-p/m)

where

n(p) = the momentum distribution of the particles

In conclusion:
if high momentum transfer is available.....
then, it becomes possible to measure, directly,
the momentum distribution.

IF the momentum distribution has a Gaussian shape
(true for classical liquids and solids, quantum solids)

and IF the momentum distribution is isotropic

n(p)=Cexp(-p* /o)

2
m(hoo —F R)
S(k,hiw) Cexp )
2E; 0,
where
G,= width of the momentum distribution

i.e.: the average translational Kinetic energy

CNR-IEQ (Firenze, Italy)



The momentum distribution of Helium.

First experiments, aiming to determine the momentum
distribution of superfluid helium and, from that, to derive
the condensate fraction of the superfluid phase,

date back to 1982

(V.F. Sears, E.C. Svensson, P. Martel, A.D.B. Woods)

In 1990, a density dependence of the kinetic energy of
liquid helium was observed (K. W. Herwig, P.E. Sokol,
T R. Sosnick, W.N. Snow, R.C. Blasdell).

Kinetic Energy (K)
[\
(4)1

14 16 18 20 22 24 26 28 30 32 34 36
density (nm-3)

Reminder:
For a classical liquid the kinetic energy is:

— 3
i.e. independent of density.

y) CNR-IEQ (Firenze, Italy)



What is the origin of the density dependence?

Consider a dense system (e.g. a liquid):
® o
© o 0

.... and an interaction potential

Aziz potential for helium

1.0

0.5

mi

V(OIV_,

-0.5

-1.0

05 1.0 1.5 2.0 2.5 3.0

RIR__
V.= 10.8 K
R..=2.967 A

CNR-IEQ (Firenze, Italy)
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At high density, the repulsive component
plays the main role....

~

N w & (4] O

Effective potential

o

'
EN

=)

=3

0.5 1.0 15 20

as density increases, the effective potential
becomes steeper and steeper...

The lowest vibrational level

-
o

Effective potential
Q - N w > (4] (=] ~ -] ©

10 05 00 05 10
Displacement

According to the Heisemberg uncertainty principle:

Ar-Ap=h

CNR-IEQ (Firenze, Italy)



The density increase of the translational
Kinetic energy is a common characteristics of
quantum liquids

In 1988, a change 1n the translational kinetic energy
was observed going from liquid to solid hydrogen
(W. Langel, D.L. Price, R.O. Simmons, P.E. Sokol)

In 1990, a density dependence of the kinetic energy of
solid hydrogen was measured

(K.W. Herwig, J.L. Gavilano, M.C. Schmidt, and

R.O. Simmons)

Kinetic energy of solid hydrogen (T=18K)

60
24 26 28 30 32 34 36

d(nm-3)
An almost parabolic increase of the kinetic energy

(translational) of solid hydrogen was confirmed by
PIMC simulations (M. Zoppi and M. Neumann, 1991)

CNR-IEQ (Firenze, Italy)



A high energy- and momentum-transfer
inelastic spectrometer: eVS

Goid Fol Fiter

Detecior (TOP
Gold-foil resonance: E =4.912 eV (0E=138 meV)

T.O.F. spectrum of liquid helium

50000
45000

40000

2 FOIL-OUT
)
= 35000
3 FOIL-IN
> 30000
‘®
g
2 25000 sample

20000

er
15000
150 200 250 300 350 400 450
T.O.F. (us)

The recoil spectrum is obtained from the difference of the two
spectra:

CNR-IEQ (Firenze, Italy)
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The Compton Profile of liquid helium

2x107% 3x107%

Counts (arbitrary units)
1073

4

vroo gy g
-2Q -10 9] 10 29
Momentum Y (87"}

Using the scaling variable, the spectra could be added together
with a sensible reduction of the statistical error.

How good is the I.A. for helium?

Range of the momentum transfer depends both:
on sample (recoil energy) and on the scattering angle.

For helium:
83.5° <0 <148.7°
implies:

736 AT <k<122.6 A’

CNR-IEQ (Firenze, Italy)
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Crossing the liquid-solid phase transition.
(U. Bafile, M. Zoppi, F. Barocchi, R. Magli, J. Mayers,
PRB 1996)

(M. Celli, M. Zoppi, J. Mayers, PRB 1998)

The kinetic energy of liquid and solid helium at T=6.1K

&0

R

. o
g4 ‘1'
density (nm"")
Fitting the fluid data with a parabola: (%2);=4.02
Fitting the fluid data with a power-law (%2)=1.56

Most likely, the fitting function is not a parabola
but a power-law of exponent 2.46

If this is the case:

The data points for the kinetic-energy, in the solid phase, lay
below the extrapolation of the liquid phase

Is this behavior peculiar of helium?

check on other systems!

CNR-IEQ (Firenze, Italy)



. However,

. Quantum features of neon are too small.
. The only reliable check can be carried out

on hydrogen
.. but ...
eVS is not accurate enough
for measuring the
translational kinetic energy of hydrogen

(too much energy-momentum transfer).

the solution:

TOSCA

..... but this is another story
for another time.

CNR-IEQ (Firenze, Italy)



eVS Measurements
on Catalysts

P.C.H. Mitchell
A.J. Ramirez-Cuesta

University of Reading
Vesuvio Workshop 26-27/11/99

@ Topics

m H species in CoMoS, desulfurisation
catalysts

m H species in RuS, catalysts

m H species in Pt alloy fuel cell catalysts

m H species in Ce/NiO catalysts

m H in Pd/SnO, sensors

m Hydrocarbon species on FeSbO, catalysts
m Xenon as a probe in zeolites

P C H. Mitchell & A J Ramirez-Cuesta eVS Measurements on Catalysts Vesuvio Workshop 26-27/11/1999



People

® Timmy Ramirez-Cuesta
m David Timms

m Edman Tsang

m Edmond Payen

m Jerry Mayers

m Andrew Fielding

m Stewart Parker

m John Tomkinson

P C H. Mitchell & A J Ramirez-Cuesta eVS Measurements on Catalysts Vesuvio Workshop 26-27/11/1999

Probing the Internal Structure of
a Zeolite With Xenon

m Porous aluminosilicates used as
- Catalyts
— Molecular sieves
- Drying agents
m Shape selectivity determined by the size and
shape of the internal channels

P.CH Mitchell & A J. Ramirez-Cuesta eVS Measurements on Catalysts Vesuvio Workshop 26-27/11/1999



Xe as a Probe Atom
129X e nmr

m Xe interactions change chemical shift.
- Xe-Xe and Xe-zeolite
— LJ PE curves

m Electric fields
_ Mg2+, 7Zn2t
— Paramagnetic Co?" and Ni?*

m Broadening
m Shift

P CH Mitchell & A ] Ramirez-Cuesta eVS Measurements on Catalysts Vesuvio Workshop 26-27/11/1999

Ya i Xe as a Probe Atom
eVS

m Neutron Compton scattering

W Final state effects in spectrum
- Xe-zeolite potential
— Statistics not good enough

PCH Mitchell & A J. Ramirez-Cuesta eVS Measurements on Catalysts Vesuvio Workshop 26-27/11/1999



Xenon in Na zeolite-Y

W Zeolite in cylindrical vanadium can
m Dehydrated 673 K in vacuo overnight

m Dosed xenon in situ to saturation at 293 K
® Mass of zeolite 8.90 g

B Mass of Xe 2.64 g

P C.H Mitchell & A J Ramirez-Cuesta ¢VS Measurements on Catalysts Vesuvio Workshop 26-27/11/1999

Data from detectors
¥’= 11913E-6 1-8, 25-32
R’=0 88439
¥,=-0 00019 (0.00014)
x,=-6 74222 (1 64157)
o=66 54132 (3 52323)
e
=
<]
5
]
=z
-300 -200 -100 0 100 200 300

Momentum Y (A")
P.C H. Mitchell & A J Ramirez-Cuesta ¢VS Measurements on Catalysts Vesuvio Workshop 26-27/11/1999



Xe in Na Zeolite-Y
Kinetic Energy

M Recolil scattering
- U foil
- Two back scattering detectors

m41.9+/-7.5 meV
- 486.4+/-87.3 K
~ 450.8+/-80.9 cm!

m Ideal gas value at 293 K 37.9 meV

P C.H Mitchell & A J Ramirez-Cuesta eVS Measurements on Catalysts Vesuvio Workshop 26-27/11/1999

Xe Neutron Absorption 1o
Resonance
Doppler Broadening

T
Ad, = LA —
Ay, = cons Y,

PC.H Mitchell & A J Ramirez-Cuesta eVS Measurements on Catalysts Vesuvio Workshop 26-27/11/1999



Xe Neutron Absorption X
Resonance
Doppler Broadening

Gaussian fit
2
A-A

I(1)= const.e ***7

P CH Mitchell & A J Ramirez-Cuesta eVS Measurements on Catalysts Vesuvio Workshop 26-27/11/1999

Gaussian Fitting

Counts

6 8 10 12 14 16 18
Energy (eV)

P C.H Mitchell & A ] Ramirez-Cuesta eVS Measurements on Catalysts Vesuvio Workshop 26-27/11/1999



@ Xe Neutron Absorption
Resonance

m 10 eV line

m Doppler broadening

m Gaussian fit

m Chi% 2.18 x 10¢

m R? 0.983

m Centre 10.01+/- 0.006 eV

m Half width 0.323+/- 0.014 eV
m KE 38.1+/- 1.1 meV

P C H. Mitchell & A J. Ramirez-Cuesta eVS Measurements on Catalysts Vesuvio Workshop 26-27/11/1999

mm Xc Neutron sorp on
Resonance
Doppler Broadening

Lorentzian fit

-1
A A ’
I(A)= const {1-#( /11/2 :I

P.CH Mitchell & A.J Ramirez-Cuesta eVS Measurements on Catalysts Vesuvio Workshop 26-27/11/1999



Lorentzian Fit

Counts

6 8 10 12 14 16 18 20
Energy (eV)

P C H Mitchell & A J Ramirez-Cuesta eVS Measurements on Catalysts Vesuvio Workshop 26-27/11/1999

s Xe Neutron Absorption X
> Resonance
Doppler Broadening
B Lorentzian fit
m Chi? 0.65 106

m R? 0.995

W Broadening due to intermolecular
collisions/diffusion

B Appropriate for condensed phase

P.C.H. Mitchell & A J Ramirez-Cuesta ¢VS Measurements on Catalysts Vesuvio Workshop 26-27/11/1999
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Lorentzian Fit

Counts

6 8 10 12 14 16 18 20
Energy (eV)

P CH Mitchell & A J Ramirez-Cuesta ¢VS Measurements on Catalysls Vesuvio Workshop 26-27/11/1999

Xe Neutron Absorption E
Resonance
Doppler Broadening

m [ orentzian fit
m Chi? 0.65 10°
m R%(0.995

®m Broadening due to intermolecular
collisions/diffusion

B Appropriate for condensed phase

P C H. Mitchell & A.J Ramirez-Cuesta eVS Measurements on Catalysts Vesuvio Workshop 26-27/11/1999
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Pt and Ru Fuel Cell Catalysts

m Speed up the H,/O, reaction
m Ru reduces susceptibility to CO poisoning

m ? Nature of H and CO species on catalyst
and concentrations
m ? Mode of action of Ru

m With eVS measure actual surface species:
do not rely on deductions from gas
measurements.

P C.H Mitchell & A ] Ramirez-Cuesta ¢VS Measurements on Catalysts Vesuvio Workshop 26-27/11/1999

Pt + Hydrogen + CO

m Catalyst
- Pt20 w/w % on C
- Ptblack
Ca20g
Dosed with hydrogen in situ at 20 K
Warmed to r.t.
H from forward scattering
Pt from back scattering

From intensities (+/- < 5%) give atomic ratios
m Kinetic energies (+/10-20%) give species & binding

P.C.H Mitchell & A J Ramirez-Cuesta eVS Measurements on Catalysts Vesuvio Workshop 26-27/11/1999



B Pt+H, + CO

Catalyst +H; +H; +CO

PiC

Atomic ratios 3H/60C/1Pt

Kinetic H 1307

energies/cm™ Pt 900

Pt black

Atomic ratios 0.3H/1Pt 0.2H/0.02C0O/
1Pt

Kinetic H 1300 H 871

energies/cm’

P.C H. Mitchell & A.J Ramirez-Cuesta eVS Measurements on Catalysts Vesuvio Workshop 26-27/11/1999

i Pt+H, + CO
Deductions

m Much higher H on C supported catalyst
- Pt higher dispersion?
- KE corresponds to Pt-H
m Effect of CO
— Fewer H atoms per Pt
- Weaker H binding

P C H. Mitchell & A J. Ramirez-Cuesta eVS Measurements on Catalysts Vesuvio Workshop 26-27/11/1999
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Pt black + H,

Hm In situ

m Pt black (13.6 g) loaded into Al can and
pumped down at r.t.

m Sample reduced in situ with H, atr.t.

W Intensities give relative atomic ratios
- H/Pt=0.309

P.CH Mitchell & A J Ramirez-Cuesta 6VS Measurements on Catalysts Vesuvio Workshop 26-27/11/1999

22

@ Pt black + H, + CO

® From intensities (+/- <5 %)
- H/CO/Pt =0.22/0.017/1

m Kinetic energies (+/- 10 - 20%)
- H871 cm!
- Pt 908 cm!

P CH Mitchell & A J Ramirez-Cuesta 6VS Measurements on Catalysts Vesuvio Workshop 26-27/11/1999
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@ Ru black with hydrogen

m Ru black 10 g in flat Al cell
B In situ dosing

P.C.H. Mitchell & A J. Ramirez-Cuesta eVS Measurements on Catalysts Vesuvio Workshop 26-27/11/1999

@ Ru black with hydrogen

Initial 1 0.13 1205 1605
reduced

H2 0.15 1177 1324
170 mbar

20K

H2 1 0.20 1736 1017
Saturated

10K

H2 1 0.085 2170 1415
373K

P.C.H. Mitchell & A.J. Ramirez-Cuesta eVS Measurements on Catalysts Vesuvio Workshop 26-27/11/1999



@ Ru black with hydrogen
Deductions

m H content from intensities
- Increases with dose at first
- But decreases after reduction
W sintering?
m H KE gives species
- Bound H atoms not H, (627 cm!)
® RuKE
m Much higher after higher temperature reduction
- Ru sintered?
m Different Ru second two: bulk Ru sintering.

P CH Mitchell & A J. Ramirez-Cuesta eVS Measurements on Catalysts Vesuvio Workshop 26-27/11/1999

@ PtRu black + H, + CO

m CO not detected
B Ru inhibits binding of CO

P C H. Mitchell & A J. Ramirez-Cuesta ¢VS Measurements on Catalysts Vesuvio Workshop 26-27/11/1999
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Next Steps

m Improve resolution

®m Improve sensitivity

m Develop sample handling

m End electronics/detector saturation

m Computational modelling of eVS data
- Kinetic energies of species
- Intensities = concentrations

P C H Mitchell & A J Ramirez-Cuesta eVS Measurements on Catalysts Vesuvio Workshop 26-27/11/1999
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Final State Effects (FSE) and
anharmonicity in graphite
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“Division of Physics, University of Portsmouth
"Department of Physics, University of Liverpool
“ISIS Facility, Rutherford Appleton Laboratory



1 Final State Effects

2 Correcting for FSE

3 Using €VS to study FSE
4 Graphite

5 Summary
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INITIAL & FINAL STA'TE
EFFECTS

.Jnitial State Effects - result from quantum nature
of atom 1in its initial state. Deviation from free
particle behaviour.

-Final State Effects - Atom does not recoil freely
in final state. At finite ¢ , inter-atomic potential

slows recoiling atom.

°Any deviations from Impulsive scattering are
generically known as final state effects (FSE).

*Manifests as an asymmetry in the measured J(y).

*J(y) no longer Gaussian.



@ Cvoiversity o
Portsmouth

THEORETICAL TREATMENTS FOR
FINAL STATE EFFECTS

The Sears expansion

2 n 2 2
J(») =J _m<V V> dJJ[A()’) i <F >d4J1A(J’)
36h°q  dy 72h"q dy

where

M - M?

A and A, =
> 36k VAP

*F'SE represented as additive corrections to TA
consisting of symmetric and asymmetric terms.
*Relates FSE to physical parameters, V and F



The Glyde approach

-FSE represented by final state broadening

function.

Shown to be most appropriate in quantum
systems where inter-atomic interactions are

strong

‘Reduces to Sears in systems where FSE are

small.

Azuah, Stirling, Glyde, Sokol, Bennington, Phys
Rev B 51, 1, 605, 1995



Do you need to worry about FSE?

FSE have predominantly 1/q
dependence
*Minimised at high q’s
«Still noticeable in:
- Strongly bound systems
incorporating light atoms
e.g. Hydrides, beryllium etc

To avoid FSE

‘Maximise ¢ by using back scattering
Correct using symmetrisation or fitting
with Sears’

To study FSE

Intermediate detectors
best combination of resolution and q
gold analyser to maximise statistics
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Figure 4.12 A plot of A; against 1/q extracted from the
measured Compton profiles (circles). The line is a least-
squares straight line fit to the data allowing <V*V> of the D in
ZrD> to be extracted from the gradient.
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Simulation for beryllium
at room temperature

005 T1=292K A
q= 30A-1 - Sears
004 K SN A3 contribution
\ A, contribution
0.03 |
;% 0.02
0.01
0.00
001
-30 -20 10 0 10 20 30
Momentum y (A1)
TA - 8.17(0.07) Sym. - 8.32(0.06)

A, - 8.39(0.07) Sim. - 8.33



Fitting Procedure

e Fit includes Ay, yo, o, V2V

o A, Scale factor
® v peak position
*G profile width

o V2V incorporates Sear’s As term



Simulation for basal plane

Paralidl to basal piane

0.030

0.020

0015

Jy)

0010

Parallel to the basal plare
0040

05 L)
)
J )

0.025 - Jtdzi )

000

~ 0015
oy
0010
0.005
0.000
0005 .

0.010



Zirconium Deuteride

(a)
006 IAfit y2=1.88 ©  Measured J(y)
------ IA fit
A fit y2=167
005 3 tx ——A3 fit
Difference
0.04
0.03
3
-
0.02
0.01
0.00 .
.01
40 20 0 20 40
Momentum y (A1)
(b)
0.08 1A fit xz =1.05 o Measured J(y)
A_fit ¥2=1.05 S IA fit
8 — A _fit
0.06 3
Difference
0.04
s
= 0.02
0.00 ¢ ¢ 4.+ W
‘ ©oT o A gmm
-0.02
-40 20 0 20 40

Momentum y (A-1)

Figure 4.10 The measured data and the A; fits (procedure 4)
obtained for the Compton profiles at (a) g=29.1 A and (b)
qg=177.9 A", Also plotted is the IA fit (procedure 2) along with
the difference betweer: the two fits.
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PYROLYTIC G HITE

A
L ) B
A

C-axis

a-axis

 Small atom, tightly bound - FSE large
e Anisotropic momentum distribution:<Ek> in
planes greater than <Ek> between planes

« Anisotropy in FSE



Experimental Conditions.

e Pyrolytic graphite at room temperature in
thin aluminium holder

e Sample size 10mm x 10mm x 1mm

¢ Gold resonance foils

e 32 simultaneous projections of n(p)

e 3 measurements to study anisotropy over
range of q

e Simultaneous diffraction and recoil
scattering

e Powder sample



. ' University of
Portsmouth

Typical detector positions for measuring

anisotropy and FSE
Monitor 1 Analyser foils
© .
Samp I

Moderator Monitor

Detector bank



Sigma (A-1)

1

-150

350

300

250

200

150

100

<A2V> 103 (meV A2)

50

-150

-100

-100

-50 0 50 100

q angle from c-axis (deg.)

-50 0 50 100

q angle from c-axis (deg )

150

150

e Plots of c and <V*V> as a function of angle between
the q vector and the c-axis direction. The solid line
is a fit of an ellipse function to the data points



Observations

e Excellent agreement with average <E,>
from powder

e Agree with powder result of Mayers,
Burke, Newport

e Weighted sum for <V2V agrees

e Disagreement with earlier work
Poor statistics
Significant ms & background
scale of anisotropy similar

® From DOS can calculate <E,> per atom
using Harmonic Approximation

e calculated V2V agrees for basal but

inadequate for c-axis
e Potential of atoms in basal plane is
harmonic

e Evidence of anharmonicity perpendicular
to planes



Pyrolytic graphite at
10K and 1100K

T=1O K

14 o o, .. =949 (0.02) A"
=13.63 (0.02) A"

0-basal
13

Rsg=)

12

s (A

10

=)

-80 40 0 40 80
q angle from c-axis (deg.)
T=1100K

19.0
18.5

18.0 (%)
17.5 (1) (#%

17.0 ig #’
L

s (A7)

155 ¢ b

15.0
-100 -50 0 50 100

q angle from c-axis (deg.)
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EXpI <E>(K)

eVS pyro 66212(4)

<B>y (K)  <Ee> (K)

1282+4(15)  1075+3(11)

< > 103 >y 1 < V>
meV A meV A 10° meV A%
35.6£1.4(3.4) 200.0+2(8)  144.8+2(8)

eVS poly 1059+£13 124.8 +8
DOS[1] 828 1185 1024 75.7 173.5 141.5
Ret.[2] 837430 150070 1279148
Ref. (3] 825+49 1575+121 1325482
Ref.[4] 1104+49
1. Young J and Koppel JU J. Chem. Phys. 42 357 (1965)
2. Paoli MP and Holt RS J. Phys. C: Solid State Physics 21 3633 (1988)
5. Rauh H and Watanbe N Phys. Lett. 100A 244 (1984)
4. Mayers J, Burke TM and Newport RJ J. Phys.: Condens. Matter 6 641 (1994)
DOS Measured
TEMP c-axis Basal c-axis Average  Basal
0K 770 95 1176 5456)  932(22)  1125(15)

300K 828

100K 1734

1069 1185 662(4)

1075(11)  1282(15)
1059(13)

1817 1898 1613(200) 1802(200) 1927(200)
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SUMMARY

FSE can be routinely corrected by fitting with
A, or symmetrisation.

and sensitive probe of
nsed matter

*FSE may become more significant with
Vesuvio



VESUVIO
&
FSE

Back scattering bank
Resolution improvements

Improved count rates

Also need:

Multiple scattering developments:

cylindrical and plane geometry
cryostat and furnace scattering

MS within detector banks

F. Fi{laux
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S(Q,w) (arb. units)

s ) W

Momentum Transfer (A_l)

\]
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Table

Experi
netic energies

N

n Compton profile widths and calculated ki-

Temp Teryst Kcrysl Tglass Kgluss
(K)  (A7h (K) (A7h (K)

30 14.044+0.17 2444459 13.88+0.15 238.845.2
150 16.364+0.29 331.8%£I11.7 159340.15 3146459
300 20.9740.19 545.149.9 20.4940.15 520.447.6

[12].In Table 1 we show the fitted widths, along with
the corresponding kinetic energies.
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Fig. 3. Kinetic energy for the glass and crystal phase obtained
from our experiment and those calculated from Eq. (6). Inset:
densities of states used in the calculation (see text for details).
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FIG. 3. Crystal structare of YBa,CuyOg., (taken from Jorgen-
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VESUVIO WORKSHOP 99

Deep Inelastic Neutron
Scattering from H, and D,:

Hete the eVS results

C. Andreani®, D. Colognesi® & E. Pace®

(a) Dip.to Fisica and UdR INFM, Roma

Torvergata (Rome, IT)

(b) GNSM-CNR (Rome, IT) and INFM, UdR
Roma Torvergata (Rome, IT)

(c) Dip.to Fisica and Sez. INFN, Roma
Torvergata (Rome, IT)
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1) Theoretical Background

DINS from a single H,/D, molecule:

2

deE z[:p,z 5(ha)—EF+E,)

(incoherence among different molecules
assumed)

Decoupling the CM motion from the internal
(INT) one:

d’o Oror K™ o cut
=——3, ,W)R X ,
JOdE~ 27 &k S; 7 (Q,w) w9, @)

(V. Sears, 1966; reasonable for H»/D; only!)
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where S;“Y(0Q,®) contains the whole many-

body problem. If 7A® >> €.,;=(0-8) meV, the

inter-molecular impulsive regime 1s reached:

5 (Q.0)=N

2 wr(Q.®) contains only a two-body (i.e. one

body) problem, but is not a structure factor:

2 (O, ‘Z pi,tzo-t,i,f |<¢f 'exp(iQ-F/2)i
it f

exp(-i0-7 12)p,)| S(ho-E +E,)
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with 7 =7 -7 and ¢ = ¢(7)
HOWCVCI', if 0>0 we With f INT (Q nvc) = 1.
Znr(Q,0) = §(Q,0) =

- 303 kool 2o £ +5)

(D. Colognesi & E. Pace, 1998)

H,/D,: free molecular rotation =

1 R
(D:(r) =;uv(E) (r)zi,m,- (I’)
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C. .= 159.8 b (pH,—0H,); 1.5b (oD;—pD;)

G, .= 110.1 b (o0H,—pH;); 12.2b (pD;—0D;)
Orif =Oujj =

C. .= 3.6 b(pH;—>pH;); 13.7b (oD,—0D:>)

Go_ 0= 53.3b (OHZ—)OHz),' 3.0b (pDz—-)pDz)

Plugging the free molecular rotation into

2 nv1(Q,®) and assuming. v=0:

2 (Q, ) ——ZP,, D0, iomiwEr(Q)

Tt] JW(E)

J(ha) ~E; entE ) ZPJI Y s (Q)

JV(E")

6(7260 —E . . gytE )
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with the molecular structure ctor f % Q).

F2i0m iy (Q) = (2+1) C(j, j,0,0,1,0)
it e 2

S [drug. ) (ri(Qr12u,,(r)

1=| -1

where the initial state u;((r) 1s reasonably

described by:

uj’o(r) =

fOI'j=O,1 (HQ/DQ @ 7<100 K)
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a=1.975 A" (H,) and 2.349 A" (D,)
Ej=0v=0= h®/2 =258 meV (H,)
=186 meV (D)
E 1 y=0= hy2+2B=273 meV (Hy)
=193 meV (D)

Scattering model < Q) & U (1)

1. YK model (J.A.Young & J. Koppel, 1964)

u.,(r)=N, Cj (r—d)* H[o(r—d)]

E,., =hay(v+1/2)+ B (j+])
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Purely harmonic vibrations - Rigid rotations

2. Intramolecular A (J. Mayers, 1993; C.
Andreani et al., 1995)

uj,,k,(r) = rjj,(k’r)
h2k92

E e~y

Freely recoiling particle

e Problems with YK (and MYK)
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theoretically (D. Colognesi, 1998):

lim, . T¢%(0,0)# s (0, w)

y=const

'(i.é. w=h0*2M,)

experimentally (W. Langel et al., 1988; M.
Zoppi et al., 1996):

MYK works well between 5 A <
Q<30A™ but not on eVS (35 A'<

Q <65 A h a i

e Problems with Intramolecul_a_r;IA (and M
Intra-TIA) K
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When does Intra-1A apply ?

1/2

%Q(Ek)l >> <(F; -Q)2> ~ 1500 meVA™

(Sears, 1971)

H,: <E> ;=70 meV; D,: <E;> ;=50 meV =

Intra-IA does not apply on eVS
(35A7" <Q<65A™) |

Experimental evidences on pH, (C. Andreani,
D. Colognesi et al., 1998; M. Zoppi, J. Mayers
et al., 1998) and oD, (C. Andreani, D.
Colognesi et al., 1999).



VESUVIO WORKSHOP ’99

2) riments on eVS
e Samples:

1. liquid pH; (97.0%) at T=30 K (p=22.0 nm>,
<E>cm=T7 K)

2. gaseous eH, (pH,=56.0%) at T=70 K
(p=10.7 nm”, <E>cy=135.5 K)

; 3. liquid oD, (97.2%) at T=20.7 K (p=25.4
nm”>, <E>cu=54.5 K)
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¢ Range and resolution

H: 35 A"'<Qy<58 A & 2.54 eV<hw,<6.97 eV |

D: 31 A"<Qp<73 A" & 0.99 eV <hy<5.53 eV

y=0 & 0o=hQ,"/2M,

Voigt resolution in y

H  0,~06-08A" &T=1220A"

D: 0,~08-1.0A"&I=24-52A"
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‘ 3) New approach and conclusions

e Calculation of more reliable fo_ ;& )(Q)

using “real” wu;,g)(r) from the radial

Schroedinger equation:
< L
- dr u(r)=Ww(r)
d _2u

—W(r)=-2; L(E-V,.() u(r)

o Chbi'ce of the Morse intra-molecular

potential:

R 7+
V(1 =Vo(e 200 ﬂf S
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Vo=4.736 eV (H,); 4.742 eV (D,)
a=1.976 A™ (H,); 1.870 A™ (D)
d=0.741 A (H,); 0.748 A (D,)

e Morse eigenvalue spectrum |

EJ v<0 dlscrete 330 eig., 16 at j=0 (Hy)
| - 720 eig., 22 at j’=0 (D,) |

~ Ej>0: continuum & degeneracy in j’
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« Conclusions

In DINS from condensed H,/D, :

1. The internal, one-body, dynamics plays
the most relevant role (little information on

CM motion). | |

2. This INT dynamics is strongly un-

harmonic and centrifugally distorted
within the eVS (Q-) range.- |

3. OWing'to the core of the H-H (or D-D)

potential, the Intra-IA regime is not fully
- reached within the VS (Q-w) range.

A




Aydeq SISI DA
pial§ 'S 'd

vIDP §1,2 Y1
‘Ma1a uvisakpg pagpLisnyL uy’

siIsA[eue eje(



(F661TMD)  DIDP Y1 Y1m, mamo%.% 14 @&S.a, §1 S1S @3% @ ,

are saniqeqord

mw.ﬁmTSOSM

MDIA



jsiamsu Juaiaffip sy

pasod oq 0}
ﬁﬁ@ QO.

& StregmAang (1 “ered | Pppm-ead)qord juem



at n

ue with the data !

Data Analysis: a Bayesian tutorial, Sivia (1996), OUP

Dealing with “outliers™

"Counts"
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Calibration of the electron Volt Spectrometer

Andrew Fielding

Department of Physics, University of Liverpool.

27/11/99 VESUVIO WORKSHOP 1
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Flight path and angle calibration 1

7x10° ——Ufoilin
. S U foil out
Length calibration oxt
Pb recoil scattering > 5eV : IA valid g 5
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Instrument Resolution

Contributions

Angle A6

Incident flight path AL,
Final flight path AL,
time At

Energy AE,

271199 VESUVIO WORKSHOP
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IS

Flight path and time resolution 2

AL, =

(ALy + AL,) = scintillator detectors

ALg (cm)

Monitor 1 1.75+0.21
Monitor 2 2.16 £0.20
Detectors AL (cm)

-8 3.02 (0.07)
9-16 2.89 (0.09)
17-24 293 (0.1
25-32 271 (.11)
1-32 2.90 (0.05)

211199

monitor detectors

Aty (us)
0.30+£0.03
0.26£0.03

Aty (us)
0.28 (0.02)
0.26 (0.0
0.27 (0.03)
0.33 (0.0
0.28 (0.01

0.40
® Data
0.35 Linear fit
0.30
m 0.25
ZGE 0.20
) 2 015
b
0.10
005
4] 100 200 300 400 500 600
10"%/v* (us m™)
D_.\wm = D_\N D_\ON
AL;~1.8 cm
VESUVIO WORKSHOP
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ISI

Energy calibration 1

0.16

- Analyse the recoil scattering

from Pb sample

- U foils - fit Gaussian

- Au foils - fit Voigt

012

008

004

Intensity (Arb. units)

000

-600

- Calculate RMS momentum for
Pb using 3/2k,T. Fix width J(y)

- Fix all other resolution widths s

- Fit peak position

- Fit the width of E; contribution

PATRRYRY

0.5

0.3

0.1

-0.1

VESUVIO WORKSHOP

TOTOS%

U foils
9=145°

® Measured
Fit

-400 -200 0 400 600

Momentum y (A™)

Au foils

p=148°
® Measured
Fit

-400 -200 0 200 400 600

Momentum y (A™)

13
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2.0

1.6

12

0.8

Resolution width (A")

0.4

0.0

ISISH&:

Examples of eV measurements 1

ZrH,

Resolution Fitted RMS momentum
48
o Oter () . Ulis
4 Other (Au |
® Energy HWHM (Au) Harmonic model
A Total (U) 44 +
R ¢ Other (U) ~ $
4a ® Energyc (U) < .« ¢
A
"6” X 0»0» A, .M ‘0 .
A
oo«ouooo oonn»&&m»ooo = + o ¢ ¢ +. +
* . . % L] PY +
*.. o, .. D=
[ ] ® »
®e, e, ...
30 40 50 60 70 80 30 40 50 60 70 80
Detector Angle (deg.) Detector Angle (deg.)
2711/99 VESUVIO WORKSHOP 15
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IS
Examples of eVS measurements 3

Sn

Resolution Fitted RMS momentum

80 34
¢ Total ® Measured o
® Energy i Debye model
—~60 o & Other
<C .
= 4 <80 + :
T e ¢
M 40 0000 < + * +
m A T ”0000 .M 28 +
...W PPP ...."”0 L 4 o m
3 2 As, s ® . .ouuuum $2200400 t
() >>>>>b LA X XX T4 26
(any A Addaaga, Addddadas
0 24
40 60 80 100 120 140 80 100 120 140
Detector Angle (deg.) Detector Angle (deg.)
271111/99 VESUVIO WORKSHOP 17
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Detectors for VESUVIO

November 26" 1999

Roberto Senesi*, A.L Fielding, J. Mayers,

Moxon, N. J. Rhodes, E. Schooneveld

*INFM Roma Tor Vergata - Rome

e Overview of neutron scintillation detectors

e Lithium glass detectors for VESUVIO
e Tests performed

e Future tests and improvements

— Typeset by Foil TEX -
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Desired properties of neutron
detectors:

o cfficiency near 100%
e low gamma sensitivity

e prompt response

The best compromise for the eV range TOF neutron
scattering is represented by scintillators.

Neutron-induced reactions used in scintillation
detection, (all charged particle out type reactions):

a)SLi+in=3H+*a Q—wval =478 MeV
with E,, = 2.73MeV and E, = 2.05MeV

"Li+*a Q—wval =2.792 MeV
10p 1
b) " B+"n = "Li*+*a Q —wval =2.310 MeV

which, in the lower branch case leads to

1



ELi* — 0.84 MeV and Ea =147 MeV

Scintillators based on °Li(n, o) reaction

cross section at 5 eV~ 10%b
e two choices for activation phosphor materials:

1. ZnS slower response-opaque binder-small thickness
(~ 1mm)

2. Ce3t  faster response-transparent glass matrix-
increased thickness

multiple step neutron detection mechanism for
cerium activated lithium glasses:

The two charged particles produced in the reaction
a) liberate ion pairs trough ionization energy loss along
their tracks in the glass.

The maximum electron energies created by these
particles are ~ 1keV for the o and ~ 2keV for the triton,

2



the triton having the higher ionization volume and being
the principal responsible to the luminescence excitation.

These electrons will migrate outwards from the
columnar ionization zone, and are widely scattered.

The secondary electrons created migrate through the
glass and some will excite the Ce3%centers to produce
luminescence.

This luminescence is charachterised by an emission
band centered around 400 nm, broadened by the varying
energy environments in the glass host.

The 5d emitting state of cerium is split in many
components depending on the site simmetry of the

cerium, leading to a measured average decay time of
140 ns.



Relative Intensity Emision Peak 386nm
100

a0
80
{0

80 Excitation Peak
326nm

40
30
20

10

250 300 350 400 450 500
Wavelength{nm)

Figure 1: Excitation and emission spectra of Ce3T in
the scintillator glass. Luminescence decay time~ 140 ns.
Negligible self-absorption.



Nomogram: detection efficiencies of glass

scintillators for slow neutrons.
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Figure 2: Detector efficiency (I-transmission)



Tests performed

1. Choice of thickness

2. gamma sensitivity

3. scintillator-photomultiplier optical coupling

>142



1
\ - Co Gamma Rays Tharmal
b Neutshs
1
11
L
%
1
%
4 %
\
\
Y
. \
v \
k — 14%
%
%
2 %
!
1
b
\
%
\
Ty . = —
40 80 120 1
Pulsea Huighl

Figure 3: Pulse height responses (1Imm glass) to thermal
neutrons compared with ®°Co (1.17 and 1.33 MeV)
gamma rays

Measurements using the scattering from a tin sample
using currently available 2cm thick glasses:

7



several resonances for tin in the epithermal region
leading to increased gamma sensitivity. Test for all
resonating samples.

25 ns
100ns
t
neutron
int
2om glass
gamma

Figure 4: neutron and sample dependent (Sn) gamma
pulses for a 2cm thick glass

=Reduce the glass thickness? Use window
discrimination technique?

possible problems, already assessed in the literature,

8



of 8L leaching and inhomogeneities during glass cutting



Optical coupling

Objective: reduce and optimise the number
of reflections to reach the photomultiplier
window

-Ray tracing Monte Carlo simulation for different
geometries (E. Schooneveld, N. Rhodes)

-Measurements with a laboratory source (E
Schooneveld, N. Rhodes)

two basic geometries: with final “light pipe” and
without final “light pipe”.

10



1- no light pipe

2- light pipe 7.5 cm

Figure 5: the two types of geometries investigated

The average number of reflection to reach the PMT
tube is 50 for in type 1) geometry. The light pipe
geometry allows to increase the light collection.

11



PH analysis on VESUVIO scinillators

%) A 2.5cmglass

< 7.5cm refl.
O 7.5cm reflector+light pipe

Counts

0 50 100
Pulse Height

Another solution being currently investigated to
prevent back reflection to the scintillator surface is to
coat with a white scattering paint (magnesium oxide or
a uminium oxide) to promote light to enter in the light

p pe channel.

12



Future tests and proposed
iImprovements

Liquid 19B scintillation module (already purchased)-
gamma sensitivity 7

Choice of Li glass thickness (thinner glass-larger area
detector...). At 10 eV the comparison between lcm
and 2 cm glasses results in a reduction in count rate
of ~ 25% and a factor of two for 1 MeV gamma rays

Reduce the dead time by removing PMT amplification
(down to <300 ns)

Remove ~y rays originated from the neutron source
and its surroundings

13
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Quantum efrects on the THz dynamics
of *He and 3He probed by Inelastic
X ray scattering

A. Cunsolo
I.N.F.M. Roma-Ttaly

measurements performed at
E.S.R.F.-Grenoble

Introduction to IXS techniques and beamline layout
The second moment in the classic and quantum cases
¢ The Temaer'at}]r-e dependence of IXS moments

GEWS (T

The tempéreture dependence of IXS moments
e Conclusions
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2

Inelastic X-ray Scattering Beamline (ID16-BL21) at the ESRF

Side vi
| Detector
-;-O.‘D-
——t15m l
Monochromatic beam
¢l0m S "
- S
- e T Premenochras .. - on
White beam
Undulator source T Toroidal mirrar
\ bl - Farl]
AEE -0 WSKIJ,I) et n‘:::,: tad
premonociwometor Beam Si
, iy Size at the Sampl
\r:‘;:(::“:;:: VEE Db 'Soat;:m" 3;!0 Rm )
m Sm 33m 40m 45m S9m S55m m 6m 7T0m 75m
Monochromator performances for the most used
Si(h,h,h) high order reflections
. Energy AE . Flux
R
eflections 1y (mew) AE/E (oh/5/200 mA)
(7.2.7) 13840 50 (3.6 £0.3y107 610"
(9.9.9) 17793 1.84 (1.0 £ 0.08)10” 610
(11.11.11) 21748 0.78 (3.6 £ 0.3y10° 710°

(13,13,13) 25702 0.51 AR R
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Inelastic X-Ray Scattering

d*o 2 2
= e " &)|f @Y SQw)

e X-ray

Advuantages:
¢ No kinemmatic limitations
¢ Coherent cross section (isotope independent).
* Very small source size (extreme thermodynamical conditions).
¢ Negligible multiple scattering.

Duadvantages:
¢ Very high energy resolution required < 10 meV (i.e, i‘f—u 1077 +10™), while
preserving an high incident photon flux ( > 10° photons/s)

» Fast decay of the atomic form factor.
» Strong photoelectric absorption (IXS more efficient with low Z materials),
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Tne follewee thermcay remi s paths

60
B Sublimation-curve o Temp. .
e (1800 bar) ®  Density dependence
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The second spectral moment of a classic fluid

0

(0*(@)=(0*(Q)), +{»*(@)), = [o*S(0ko = F(Q,) = —Al,%<p*(Q,0)p(Q,o)> =
g%[—?;((Q-v,XQ-vi)exp(Q X, )) = ié%Qan«viavm )) =71V_>;<(Q.vl_)z>=

_3KT s
2M ¢

and that of a quantum one:

(0(@)=(2(@), +(0"(0)),
U

hz<w2(Q)>S (hzgz /-(2M))2+h2Q2_]i_/_Z<(l/MXQR [.)J)Z>

#(0?(©)). = (W0 12 %yz<exp(-iQ )
#1823 (0-8,0 B, exp-i0 7)), )

7
i/

ety rmen)  /qh)

i

+h*Q% I2MY) ;{ > -ﬁ,Q-f}i cosQ-r,.jL>
y
=)
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o  Experimental datum

Fit
Central Peak
10 20 30 40

Energy (meV)

50

60
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Conclusions

® We have measured the second spectral moment
through the best fit of IXS spectra of *He and *He as
a function of both temperature and density, in a Q
range extending below and around the first S(Q)
maximum,

® We have observed the departure from the classic
prediction at the lower temperatures.

® We have shown that the kinetic energy inferred from
the computation of second spectral moments is in good
agreement with PIMC computations as well as with
Inelastic Neutron Scattering measurements.

® We have observed that the density evolution parallels
a parabolic growth in density.

ABKNOW LEDGFHENTS:
R.VERBEW!, F SETTE , C. HA SCOVECCHILD, F.ROSICA, € RUOCC O
. , I

G. PRATESL
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Erik B. Karlsson:

ANOMALOUS NEUTRON CROSS
SECTIONS OBSERVED AT VERY
SHORT SCATTERING TIMES

Coworkers:

C.A .Chatzidimitriou-Dreismann, T.Abdul-Redah and R.M.F.
Streffer,

I.N.Stranski-Institut fiir Physikalische und Theoretische Chemie, Technische
Universitdt Berlin, Str.d.17. Juni 112, D-10623 Berlin, Germany

B. Hjorvarsson and J. Ohrmalm

Department of Physics, Royal Institute of Technology, S-10044 Stockholm,
Sweden

J. Mayers,

Rutherford-Appleton Laboratory, Chilton, OX 11 0QX, England

Statement of the problem:
Anomalies have earlier been observed for
OH/Op in water (both in neutron and Raman

scattering)

1) Can they be found for other substances as well?

2) Is Sy or 8§p anomalous, or both?

3) What more can be learnt from improved
experiments?

4) What are the possible reasons for anomalies?
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Improved experiments

Measure H and D-scattering independently
Minimize additional scattering material
Improve counting statistics

Investigate temperature dependence

and

Select a H- (or D-) containing system

with

a) well-known H configuration
b) well-known H-environment

The choice is NbHx, NbDy, or NbHxDy (x+y =
0.85)

7/

o Nb-atoms O HorD X Vacancy
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What is neutron Compton
scattering ?

(or "deep inelastic" neutron scattering)

>1 eV neutrons (instead of thermal, =0.01 eV)

\
S {Od w —
Polsed &oa out
neutont &—-7p>
S & ol ot i

M

The eVS at ISIS, Rutherford-Appleton Lab., UK

is an "inverse geometry" spectrometer

0
(En of outgoing neutron selected; white spectrum 515.—#7

eV in; time-of flight analysis of events in detectors at

different angles ©0)
&= L!_'GJ eV
Tet = gf%}% for each M
+ Crpes Seclons
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From kinematics, one expects:

a) b)
Mass separated peaks For each 0O, a

value of cross section

rot108
g!: 0 Nb H
. o H D &k g 4
-”so 10 ¥ pifE (Microdeconds) 0 *° b
Time of fusht %4 f4dd trdg

RESULTS
First: take averages of all data (usual
procedure)
For NbHo.g5 GH/ONb ~11.3 (instead of I3.)
13.1)

For NbHo.4Do.45 OH/ONb =10.0 (instead of [3,13
13.1)
For NbDo.gs GD/GNb =1.09 (instead of 1.22)
1.22)
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OBSERVATIONS:

1) Anomalies are there, also in metal hydrick
2) Anomalies are largest in OH

BUT THERE WAS ALSO A SURPRISE:

3) A clear ©-dependence remained (strongesi
for OH/ONbD) !
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8 [ xD=0 2“\"0
A x =0.31 AN
7 D v3
v XD=0.54 © o
6 o x_=0.81
D
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It can be traced back t
the anomaly (it exists
times)
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How fast is the scattering?

—

Order of magnitude estimate: Ts ~h 1 AE =
—1H
1O s
More detailed analysis (Watson, 1996):

M4

q < A
P
haVl-ﬁ@W@Q womewiom

Ts

©-dependence ---> t-dependence:
15
14
13 .
11
cloc. 10
H Nb
9
8
7
= T=293 K
6 o T=20 K
5 -
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 T_[107° 8|

If system is observed over times > 0.6x10-15
there is no anomalous scattering (for NbHo.85)
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Time scales for loss of quantum coherence:

Small dust Two atoms
grain in isolated in
sunshine r.f.cavity
~-3o -2 ! -l
O s (O s - O s 1s
B
(\\)We comdp ) - |

J‘for eV nevtrons |
o Heermal |

r%a man oo }—

A formula by Joos and Zeh (not quite applicable, but

perhaps good for an estimate):
- 2 2
Tcoh = n ﬁ(o <><,=><>

X=X Q{near extenc(on OV[ @uam{um @6('@@%

N
p,

K,  coavenumber
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Quantum modelling f the mind

Some of the best minds in biophysics have
been divided on the question of how to model
the workings of the human brain. Mainstream
research has concentrated on developing
complex neural networks to perform the
cognitive processes that we call conscious-
ness. However, others, including Roger
Penrose at Oxford, have argued that
consciousness is in fact a quantum effect and
can only reasonably be simulated by a
quantum computer.

The big issue in quantum consciousness is
coherence time: how long can a superposition
of quantum states in the brain persist? For
the brain to be a true quantum mechanical
system, the coherence time must be at least

Two randomly selected Web pages are on
average 18 hyperlinks (or clicks) apart. So
says a group of US scientists who used a
technique based on power law distributions,
borrowed from statistical physics, to investi-
gate the topology of the Internet. The team
also predicted that, even if the number of
pages on the Web grows by 1000%, any two
pages will still be only 20 clicks apart.

1s. Some say that it is, while others, including
Stephen Hawking, say that it isn't. Now, Mark
Tegmark of Princeton has weighed in with new
calculations of coherence times for two
cognitive models.

The first model describes the thought
process as “neuron firing”, where brain
impulses are caused by neurons pumping out

sodium ions and absorbing potassium ions. In
the quantum picture, a neuron can existin a ?‘

superpasition of firing and non-firing states.
In Penrose’s alternative model, conscious-
ness resides in microtubules - hollow
cylinders of protein that act as “scaffolding” to
maintain the shape of brain cells. Using tech-
niques from string theory, thoughts can be

modelled as the collapse of a quantum super-
position of electrical excitations propagating
in a microtubule.

Whether the model involves neuron firing of
charged ions or propagating excitations in
microtubules, Tegmark calculated that the
influence of nearby ions, by collision or
coulomb interaction, will destroy the
coherence of the superposed states on very
short timescales (1072 s for neurons and
1073 s for microtubules) - too short for a
quantum system.

“There is nothing fundamentally quantum
mechanical about the cognitive process in the
brain”, said Tegmark. For the neural network
community “it's business as usual”. AlP

Symptoms of supersymmetry

Some particle physicists were excited when
they heard rumours that supersymmetry had
been found. The rumours were true. However,
the supersymmetry in question is not the
duality that boldly predicts that every known
half-integer spin (“fermion”) particle should
have an as-yet-unseen integer spin (“boson”)
partner and vice versa.

A Swiss-German team has analysed in
depth the energy level spectrum of gold-196,
which has an odd number of protons (79)
and an odd number of neutrons (117). Adding

this information to their existing knowledge of
neighbouring even-even and even-odd nuclei,
the experimenters were able to find
correlations in the energy levels that showed
that nuclear forces are fermion-boson
symmetric - a property known in the physics
world as supersymmetry.

This is good news for nuclear physicists,
who now have an additional too! to help them
to understand complex nuclear spectra.
However, particle physicists are still waiting for
their supersymmetric day to come.

Quantum non-demolition is demonstrated on a single photon

The first repeated measurement of a single
photon has been reported at Ecole Normale
Supérieure, Paris. Usually light detection is a
destructive process, because photons are
absorbed and converted into electrical
signals. However, it doesn't have to be that
way - the rules of quantum mechanics do
actually allow repeated measurements of a
quantum object without destroying it. This is
called quantum non-demolition (QND) and
has been demonstrated for large photon
fluxes, but never before for a single photon.

10

After many years of
researchers have now
QND technique and h
measurements of a si ina
niobium cavity. In the experiment, a rubidium

undisturbed (although it does suffer a phase

Uncertainty Principle
every way).

ue could become the
logic gate.

CERN Courier October 1999



SOME MAIN QUESTIONS

1)

2)

3)

Can we find conventional explanations?

(Interference between two nearby protons
impossible (if they are individual objects),
because  An << dH-H

Could it be guantum correlation effects?
Scattering at position @of an entangled pair:

g @/’[

—> C"/JS a

Cancellation of scattering amplitudes due to
interference between a and b scattering?

Can quantum entanglement live for 10-15 %
in condensed matter?



) S

Back to NbH:

Action on H-pairs by n= k=

1) Nb-phonons: 4x1013 s-1 =0.5 A-1

2) H-phonons (local modes) {014 s-1 ~6 A-1
D-

3) Conduction electrons: effects weak

(only near Ejelectrons)

Joos and Zeh formula gives for x - x' = 2 A

Tcoh = 10-16 s

CONCLUSIONS:

H-dynamics in condensed matter may be part%
quantum controlled



Theory:

SCATTERING ON ENTANGLED PAIRS OF
IDENTICAL PARTICLES

(E.K. + S.W.L.):

EXAMPLE:
Singlet (J=0) state of two entangled protons o and f3:

V(I =0) o< [PROOR,) + PROOR ][N (50 4 5) =T (5,) (s,
Neutron Compton scattering on such a pair (schematic):

%e,{'pm, ; Af(cr ;

etc
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FORMULATION FOR GENERAL I (nucl.spin) AND J (pair spin)
INITTIAL STATE OF TARGET

Orbital part:

R0 +6S2) " o (R0, (Ry) +Co, (R, )9, (R, )X

Spin part:

XA (0B) =" (LmIgnlJM)|I,m )| In).
' (Sa mn
)] FINAL STATE OF TARGET

= fexp(ip’ - R, )W(R, ) + & exp(ip’ - Ry W(R, )} X

X XJM,)(aa B) -

Scattering operator

V=>b,exp(ik-R,)+b;exp(ik-R;),
v, b=A+Bs-I

Scattering amplitude
(finallPjinitial) = K @)F(J",J),

where

F' ) =1 { (T )+ 66 (T pel) KT +ET0),

(T) = b (@ B)f bse () 5 T = frRyp®)
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For CROSS SECTIONS:

average <J'blJ>2 over J, J' and neutron spin projections

1

1 =
2 ,,Z,,: (2J +1)
2 1 p2 ’ I 11 2 A
=8, AP +1 B2 QU + DI +D2I+]) E
’ J I J
J(J +1)
—(c. /4m 1-
e I E5)
and multiply by T2 + ¢ T,12 , Assume T; = T,

Oeff = (1/2)Oinc(T1)2 =1 Osingle particle

For (T1)2= (T2)2= 1/2

fpr()ton = 0.245

fdeuteron = 0.065

Note that for {' =0 (broken spatial entanglement in final state):

f =1
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WHAT INFORMATION CAN BE
EXTRACTED FROM AN EVS DATA
SET?

George Reiter

Jerry Mayers

: Three harmonic coefficients and a spectrum
of anharmonic coefficients



Impulse Approximation

e d 2 D- q
S(G,w) = rn(F)é(w + L — 2

2 —_
)dp



A VERY USEFUL THEORUM

If J(q,y) is expressed as

2

J(Q, y) = 211!— %m an,l,mH2n+l(y)lflm(q>

Tl'? n,t,

then n(p) is given in the related basis of Laguerre
polynomials as

P 2n+l,,1 n ! H‘% 2 A
n(ﬁ):—g,— > 2 n.(—l) QAn,l,mP Ln (P )Y}m(p)

2 nlm



FITTING PROCEDURE

For anisotropic systems

n(p) =1

change variables to p} = p;/v/20;

yur procedure is to expand J'(¢',7') in hermite polynomials,
and least squares fit the data, S(g,w), to obtain the
parameters, 0;, An, [ m-



MEASUREMENT ERRORS

on(p) == B g,

7 0pi

< Sn(p)? >= 5 B0 < 5560 >

ij 0P 6p;
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TEST CASE

n(pz, Py, Pz)
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Fig.

2. Bond distances (A)and a

Deviations (A) from the mean

0 N 1
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Fig. 1. The structure projected on (010).
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ngles for the binoxalate anion
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potassium Binoxalate at 10K

sigma along 2z
gigma along x
Ssigma along Y
ha*y00
na*y20
ha*y22
ha*y40
ha*y42
ha*y4d
h6*y00
h6*y20
h6*y22
he*y40
h6*y42
he*ydd
h6*y60
.h6*y62
he*y64
h6*y66
h8*y00
h8*y20
h8*y22
h8*y40
h8*y4a2
he*y4d
he*y60
h8*y62
h8*y64
h8*y66
h8*y80
hg*y82
h8*y84
h8*y86
h8*y88

~vEfi+1 N
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INTENSITY
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H20 at 290K

Sigma along z
Sigma along x
Sigma along y
h4*y00
hdi*y20
h4*y22
h4*y40
hd*y42
hd*yd4
h6*y00
h6*y20
hé*y22
h6*y40
he*y42
he*y44
hé*y60
hé6*y62
hé6*y64
hé*y66
h8*y00
h8*y20
h8*y22
h8*y40
h8*y42
h8*y44
h8*y60
h8*y62
h8*y64
h8*y66
h8*y80
h8*y82
h8*y84
h8*y86
h8*y88
h10*y00

LT | | | T T [ | | [ | [ [ | [ O 1 T I I [ | B

e NeNeoloNoNoNoNoNaloNoNaoNoloNoNoNeNolNeNoNoNeRaoleloelNolNoNoNo Nl

5.624899

5.000000

5.000000

1.411400

.0000000E+00
.0000000E+0O
.0000000E+0Q
.0000000E+00
.0000000E+00
.6284000

.0000000E+0Q0
.0000000E+0Q0
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
.1745000

.0000000E+00
.0000000E+0QO
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+0Q0
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
.2900000E-02

POOOOO0OO0OOQOOO0ODO0OO0OO0OOONOCOCOOO0OO0O0O0O0OO0O~NNOOO0O0OOUIOo O

.5988556E-02
.0000000E+00
.0000000E+00
.B656756E-02
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
.4494243E-02
.0000000E+00
.0000000E+0Q0
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
.3568094E-02
.0000000E+0Q0
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+0Q0
.0000000E+0Q0
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
.9080538E-03
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Z axis
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