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Direct Geometry vs Indirect Geometry

(a) Direct-geometry spectrometer

Direct geometry
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(b) Indirect-geometry spectrometer
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Direct Geometry Chopper Spectrometer
B eg, IN4 (ILL), MARI, MERLIN, MAPS (ISIS), ARCS, SEQUOIA (SNS)

ARCS - A wide Angular Range Chopper Spectrometer

Shatie? , * Primary Flight Path: 11.6m
Beam monitor {0 gt = Secondary Flight Path: 3m
gr%glcéientg Sample area : “ : y n Angular'or'angeo: .
o —Control cabin -30°-150 (Horizontal)

shielding -30°-30° (Vertical)

" Incident energy : 10meV-1.5eV
= Energy resolution : 2-5%Ei

Beam Stop = Detectors : Position sensitive

" Supermirror guide
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Primary Shutter
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Guide 3-5
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D. L. Abernathy et al., Review of Scientific Instruments. 83, 015114 (2012).
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ARCS To Chopper

B The To chopper to suppress neutrons from the prompt pulse
- 175kg of Inconel 718 can spin up to 180 Hz
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ARCS Fermi Choppers /

. . . Slits and slats —
® Fermi choppers monochromate the incident

beam

- Two choppers at a time are mounted on a
sliding transition stage

- Four different slit packages are optimized for
different energy bands

Slit package dowel pins

©

6x10° -

S5t —e— 120Hz |
—— 240 Hz

4r —A— 360 Hz T
—— 480 Hz

—o— 600 Hz

(neutrons/Coulomb)
w

Integrated beam monitor intensity

89 3 4 56789 2 3 4 5
10 100
Incident energy (meV)
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ARCS Detector Tank

B ARCS has 115 detector modules containing
8 3He linear PSDs of 128 pixels

- Total = 117,760 pixels

B The secondary flight path
is evacuated

- L2=31035m

- A gate valve isolates
the sample area

- A radial collimator
reduces background

e

L
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cf MERLIN PSDs
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Chopper Resolution
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Other SNS Direct Geometry Spectrometers

Number of detectors per cm

Xl Frai

N
>

-
o

1N

Parameter CNCS HYSPEC SEQUOIA ARCS
Moderator c-1H c-1H apd-H,0O apd-H;0
Source-beam monitor distance (m) 34.85 37.38 18.23 11.831
Source-downstream monitor distance (m) n/a n/a 29.003 18.5
Source-sample distance (m) 36.26 40.77 20.01 13.6
Height of beam at sample (cm) 5 3.5 5 5
Width of beam at sample (cm) 1.5 3.5 5 5
Detector tube diameter (cm) 2.54 2.54 2.54 2.54
Detector tube length (m) 2 1.2 1.2 1
Mean sample-detector distance (m) 3.54 4.54 5.53 3.21
Minimum equatorial scattering angle (deg.) 3.8 0* 2.0 24
Maximum equatorial scattering angle (deg.) 135 135 59.3 136.0
Maximum out of plane scattering angle (deg.) 16 7.5 19.4 27
Solid angle detector coverage® (Sr.) 1.606 0.226 0.863 2.196
Incident energy range (meV)® 1-80 4-60 8-2000 15-1500
Range of energy resolution (%E;)" 1-5 3-5 1-3 3-5
Radial collimator Yes Yes No Yes
Entry into user program 2009 2013 2010 2008
Reference 19 20, 34 21
T ¥ T y T ’ T s T y T 4000F T T T T T T T =
A U)
B SEQUOIA 8 o CNCS
¢ 5 " & HYSPEC - adjustable range _|
ARCS Q 3000 -+ SEQUOIA
0 -~ ARCS
I 2
i -5 2000 .
©
CNCS 5
HYSPEC o 1000 -
i S
=1
zZ
1 N N 1 | L 1

3 35 4 45 5 5.5
Sample to detector distance (m)

0 25 50 75
Scattering angle [260] (deg.)

100 125
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ARCS vs SEQUOIA

B ARCS and SEQUOIA are designed to be complementary
- ARCS has a wide angular range with moderate resolution
- SEQUOIA has a more limited angular range with high resolution

B This complementarity efficiently utilizes the limited space between SNS
beamlines
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HYSPEC

® The hybrid spectrometer, HYSPEC, combines a Fermi chopper with a
crystal monochromator.

® The monochromator focuses the beam from 150x40mm to 20x20mm.

B The detector (160 linear PSDs 1.2 m long), which covers 60°, can rotate
about the sample axis.

B The design gives greater sample environment flexibility and allows full
polarization analysis (with Heusler monochromator).
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Cold Direct Geometry Spectrometers

B eg., IN5, IN6 (ILL), LET (ISIS), CNCS (SNS)

INS

Monochromating Choppers

Order Removal Choppers

300 Hz
Fermi

Source - Sample
Distance: 36.2 m

Frame Removal Chopper

CNCS Pulsing Choppers
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sample

Rep-Rate Multiplication ‘ue

E=22meV

Experiment

0 0.5 1 0.35 0.5 0.65

(C7H10N)2 CuBr4 (DIMPY)

D. Schmidiger, et al. Phys Rev Lett 111, 107202 (2013).
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Neutron Conversion Factors

P S
2m  2mA*  2t°

where t is the time of flight, or inverse velocity (t = 1/v).

BE (meV) = 81.80 A2 (A2)
BE (meV) = 2.072 k2 (A2
BE (meV) = 5.227 x 10° 1 3(m?/usec?)

BT (K)=11.604 E (meV)
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Inelastic Scattering Processes

d ‘o
dQ dE,

=]]ZJ;S(Q98)

Conservation of energy

e =L -F,

E,, ki

- Conservation of “"momentum”
O=ki—k;



Reciprocal Space Construction

The scattering triangle

Ab™ N S
O=ki —ky
ki

e = £ -F,

2

- (k- k)
Kk, L
Q .
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Kinematic Range

From the scattering triangle, we can see that

\

ki
|
/Q’

_kf

Q° =k +k; - 2kk ,cos@))

from which it follows that
2

%Qz =E +E,-2,|EE, cos(y)

and so putting Ef :Ei - €

2
we get ;l_Qz =2E, -¢ -2,/E,(E,-¢) cos()
m

This equation gives us the locus of (Q, ¢) for a given scattering angle .

(N.B. we can write 72/2m=2.072 for E(meV) and Q in A-D).

XIIl Francesco Paulo Ricci School of Neutron Scattering 2015






Harmonic Oscillator

Y
9

]
\ / -, 0 (x) 2(;)0 00
N

s<Q,w>=exp{-zw<Q>}{a<hw>+( 2 o)+ olor-0,) - <w+w0>]}

2mw,
1 2

hQ? !
In general, the neutron can S(0.0) =exp{—2W(Q)}E( 4mansinh ¢) exp(ng)o(w - nw,)
excife n phOﬂOﬂS at once where ¢ = (hw, /2k,T) and W(Q) = hQ” coth¢/ 4mw,
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Scattering in ZrH,

! i




Q,¢)-Dependence of ZrH,

ZrH2 E1=400 meV
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Quantum Oscillations in UN

Intensity (arb. units)

10 —_ho (meV) ARCS, E = 800 meV
i = [40,60] (a)
. [90,110]
8 + [140,160] I
1l - [190.210] ]
= ]| - 1240260
2 - [290,310]
5 6 [340,360]
g
g -
QA" QA" 2 4 4
. (b) 0 . d 2
- E=soomev | E=800meV £ T
H 1 , Q-integrated P W . Q - integrated - o
2 ¥ 3
VAN 2 A\, '
VA g ¥ 0
-‘; \ 8 1 /\s T T T T 1 T 1
5 .g ‘\ 7 0 5 10 15 20 25 30 35
-1
\‘ﬁ 6 g YA 5 Q(A")
0.1 =
0.1
0 100 200 0 100 200 300 400 500

he (meV) ho (meV)

Aczel, A. A. et al. Nat Comm 3, 1124 (2012).
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Coherent Phonons

If the atoms are coupled, the spectrum of lattice vibrations is a function of energy and wave vector

WW»

Transverse mode Longitudinal mode

e.g. simple linear chain of atoms, mass m, coupled together by bonds ("springs") with stiffness S.
Elementary excitations are wave-like with A = 2n/q ;
Displacement of n th atom is: X, = Aexp|i (gna — J! )]

where o = ,/4S sin ( qa)
m 2

r A X Z w X K z r A L
5.0 T T T T TT T T T T T T
- | 8
L e g | N ! /."— Lk<lll>
4.0 +~ ;,i/ ' \l : ‘\\ —&y / ! ]
i L ) :ﬁl\" N\, A 5
7 AN N\ \- Y 7 k, <010
30 F / AN ANy /} 4
E b / T./'—-—'“'x'—-—r—---—'~i~~1\§.L. Nz \ ] ke <1002 -
| ]
= o | " % \ /!
2.0 / ! Iy =
L .-/ / I EROS \; i T
1.0 !/ |I Au : ‘.\\'\ . 2 / /'/.
Ory o 00 10g] | o N\t # . =
K (¢o0) foe 1295 1 o) W\ |/ 7 e
1 ! Q\. & - l|| .
1 | L1 L 1 } ! | 1l ] ! l ! 1 1 FCC Brl ouin zone
O 02 04 06 08 10 02 04 06 08 10 08 06 04 02 O 01 02 03 04 05
4 4 9 4

REDUCED WAVE VECTOR

Lynn, et al., Phys. Rev. B 8, 3493 (1973).
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Phonon Dispersion in MgB:

' T KM T T AA S HSL R A DOS
120 ; | |

100 MgB, \>
L poh Bk
80 b\ v
—~ E?.‘ !
E 60 { N\* /"‘. )
3 A NNk |
40,1 ' ;

] / SR
@) [c 000 | [ee.s) [0 5]

r T KTTM £ I A A S HSL R A DOS %g
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Phonon Density-of -States

r T KTMm T AA § HSL R A DOS

120

MgB
100 - 95
B,
80 e
) E.
S S
g 60 ™
3 A?. i P

EWJ
20 i
0 (€20 [€oo] 00g) (€€ .51 [€0.5]

r 7 KT M ' A A S HSL R A DOS

)

0O 20 40 60 80 100
Energy Transfer [meV]

GDOS [mb/meV/st/f.u.]
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When single crystals are available,
phonon dispersion relations (w vs q) can be
measured.

However, it is often useful to measure the

phonon density-of-states
i.e. the sum over all phonon modes at each energy

In the incoherent approximation,

ho? Z
+
oM

S(Q,w) = exp| -2 W(Q) ]| 8(ho) i(:)) {n(w)+1} +L

Strictly speaking, we measure a sum
of the partial densities-of-state of each
element weighted by o,/M,
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Vanadium: A Perfect Incoherent Scatterer

Energy Tronsfer (meV)
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Eai 2}% . exp(—ZW,-)
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_hQ* +Zi(w)
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L
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200

100¢

[n(a)) + 1]

2ng(w)+1]dw

Vanadium Phonon S(Q)
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Multi-phonon Scattering

Vanadium Cross Section

0.02 T T T T T T T T

0.01

0.01

S(w)

0 20 40 60 100

Energy [meV]

Multi-phonon (n > 1) scattering becomes larger with increasing Q.
Eventually, the different terms merge into a single recoil peak.
(hw) =hQ?2M
N.B.S(Q) =[S(Q,w)dw = 1 for all values of Q (theoretically)
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MgB,: A Strongly Coherent Scatterer

nergy Tronsfe

B With a coherent scatterer, it is necessary to sum over a wide range of Q
to generate an accurate phonon density-of-states

S(Q,w) = exp[—2 W(Q)][é(h(o)
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Magnetic Neutron Scattering

d ‘o
dQ dE,

= ]]Zf S(Q,S)

i

Phonon Cross Section

5(Quw) o M Z)

W

Magnetic Cross Section

S(Q.w) x F(Qmx(Qw)

Energy Conservatlon

=Lk -k, -

—_

O=ki—k;

Momentum Conservatlon

~

& )
k2 k2 Dynamic Magnetic Susceptibility
2en | @ = Q)
| HA(Q,w)

- v,
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Kramers-Kronig Relations

B This dynamic susceptibility is related to the static susceptibility measured in a
conventional susceptometer by the Kramers-Kronig relations:

£(60)=1 [ 00”12

B So the cross section can be rewritten:

L0 K (0w« () e (00)or(0u0)

B P(Q,0) is just a normalized spectral or "shape” function
- e.g. a delta function or a Lorenzian
B '(Q—0,0) is the bulk static susceptibility

N.B. S(Q,») is the neutron scattering law here, not the F.T. of the spin.
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S(Q,w) of BaFe2As2-xPx (x = 0.3)

BaFe2(Asl-xPx)2 x=0.3 5K 30 m

20

15

200 —

BaFe2(As1-xPx)2 x=0.3 5K 30 meV
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Itinerant Theories of the Resonance

Imyo(Q,w) /d3k (1 — §k+Q§Ek T AgAk+Q>5(w — Fx1q — Ex)
\ k+Q Lk
Resonance Condition £ B =/ G+ AL
{AHQ - _Ak] "
&V 2 f k
XO(Q7 w) —
X Q,W — .+ A,
Q)= T T@ha@o) ,

Spin Resonance

SAEELE LY M

M. M. Korshunov and |. Eremin, Phys. Rev. B. 78, 140509 (2008)

T. Maier et al, Phys. Rev. B 79, 134520 (2009) ( )
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Doping Dependence of the Resonance

Hole-Doping é

x=0.3 x=0.5 x=0.7
T T T T T Il l(b) T T T I(C) X'2 T T T ﬁ l(d) X' 2.6237 T T '. |1
"_ | | " 1:

F

25

(a)
i -
[ (e) :

Energy (meV)
o

S(Q) (mb/sr/mol)

0.5

J.-P. Castellan et al, Physical Review Letters 107, 177003 (2011)
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Resonant Spectral Weight :
é 40 |
L £
@) 2 i
Y =
‘é S 20t
5 |
g- O L 1 ) ]
- 0 5 10
g Q 2A-Q (meV)
%E) A
= Spin Resonance
S
E
B
S Q a
=
>
Energy Transfer (meV) T En ergy
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Crystal Field Spectroscopy

S(¢,¢) [arb. units]

Pt .

4

Cubic

20—

15F

10

30F
25§-
20
1sf

10F

B |ocalized electronic 4f" wavefunctions may be split by
Coulomb repulsion from neighboring anions

® Neutrons can induce transitions between the energy levels
if there is a dipole matrix element

E [meV]
1133 0.7071]+2) + 0.7071]-2)
9.20 0.8896| 1) + 0.4568|+3)
7.8 0.3557]+4) + 0.8643|0) + 0.3557|-4)
5.09 0.7071]+4) - 0.7071]-4)
4.18 0.6111]+4) - 0.5030[0) + 0.6111|-4)
1.35 T 0.7071]+2) - 0.7071]-2)
0.00 0.8896]33) - 0.4568]1)

B The crystal field wavefunctions can be determined from
the inelastic peak energies and intensities.

S(Qw) = fA(Q) p; |Mij|26(w—Ai)
where p; = exp(-A/k;T) / Z
and Z = X.n, exp(-A/kpT)
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Intermultiplet Transitions

B The rare earths have a rich array of excitations between different LSJ
multiplets.

B Most of these transitions are non-dipolar.

2000L — 5l
B !“vllg .’S— . » zl
L[ — Y L
- F’r‘ );:‘—— J
*F,
] ’F/;— 3 CF,’I —— 81‘ —_ N
4 —. ——

— L F”G u"l ‘Fﬂlz PUNRSOREN 41’1 _ ;N. ™
é - ‘F,Il—— B et 315 g —
[e— K
o B P o o IF,“_—‘
> L g, — " " E

[ —4 L] —. . 6
o) . % H" "R —
] 'I‘—
S ——
—_ L] —_— £) -
4 tooor n—, ;
-9 ’F‘ — FM L3
= ~ c— O g - — Iyy, = -
8 L 'I'ﬂr. L “Fy " " 2
o = ."o —aL ) L — &
- I r— LT—— P 3, ——
= 2 Hay, Y, 1 ~
L. ¥ Y T . 3 7y Tr —
| ) H"’l ——— . ™, __.n"‘_ _
£y e
2p 4 -
7/.;& g _.1% .H'/,— ", Thy w— N
- Cu,, i 7
'F‘ —_—

2Ce fr Nd Pm Sm Eu Gd Tb Dy Ho qEr Tm Zb
F5/z Hq 4'19,2 6"'5,2 Fo B57,2 A 6”15,2 I 115,2 Mg F7/z
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Intermultiplet Excitations

in Thulium

20— T T T T T T T
3
Fa
15 1 -
fi
-
3
0 a
E, 10 | —
~ \ SH 3 3
3 H F.
b ° ¢
w SL_ by + e -
ar ) L“" t‘
ot—1 ! L 1 : 17 TN -
400 600 800 1000 .1200 1400 1600 1800 2000 |
hw [(meV)
£19° s
i E
§ L
R. Osborn, S. W. Lovesey, A. D. Taylor, & E. Balcar, E. in f,,;-’ B
Handbook of the Physics and Chemistry of Rare Earths ¢ |
(ed. Gschneidner, K. A.) 14, 1—61 (North-Holland, 1991). o -
0
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Wavevector K (A=)




Fluctuating Moment Systems

Neutron measurements of spin dynamics have been important for measuring
relaxation rates of local moments coupled to conduction electrons .

The temperature dependence I'(T) has distinctive behaviour in heavy fermions,
Kondo lattice and intermediate valence materials.

In particular I'(T—0) gives a measure of the "Kondo tfemperature”, a key parameter
in strongly correlated electron systems.

CeO.8L00.2A|3 UCU5_deX

Intensity
[\ B
(==} o

0! w

-
e QA

$(Q) [Arb.umi

12K "
. UCll4Pd ‘k
* UCuzsPd; 5 ¥

1

100 10!

T=33K i

S(mb/meV-steradian-U atom)

[a—
e}
[

Energy Transfer [me\) (03] (meV)
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Single Crystal Experiments

ki=23'l3/7\,i
kr=2m/ \s

00/

Q=ki-ky
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Kinematics Again (in a single crystal)

€

Can also be expressed in ferms of the components of Q
parallel and perpendicular to the incident wavevector k;:

Q) = kgsin () Q|| = ki — k;

Hence it follows that

QL=J2m(§;‘8)sin<w) .

d

40° =
N7 k 180°

an
-k ¢

140° 160°

80* . 00 120°

Q//=\/2:T[\/E —J(E;—¢)cos@ )]

Q

This results in the surface of a paraboloid, with the apex in
(Q,,, Q,,¢)-space at the point (k;, O, E)).
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Kinematics in a Single Crystal (contd)

El = 100.00 Psi = 0.09

@ Q- o— @ —@ @
. - Inasingle crystal experiment,
o <) @ @ @ @ .
we need to superimpose the
1 e - scattering triangle on the

reciprocal lattice.

Locus of constant w is a Q-circle
of radius k¢ centered on Q = k;
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Coherent Spin Waves

B Tn most magnetic systems, there is a coupling
between neighboring spins

- eg, Heisenberg exchange
Hex - _EJUSZ.S]
L]

B When one spin changes direction, it induces a
wave-like disturbance of all the neighboring spins.

- LT At

PP P e . — e — P

— e i A i

R P A e e i, -

P P N P _,h_.‘_.-u-ﬁ'.rﬁ'

A i . . s i — P P

e e . i i T P -

W . — i PP

e e e — e e

e i i e e e



Lay ,Pby sMNO; - CMR Ferromagnet
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Spin Waves in a CMR Ferromagnet

Heisenberg ferromagnet (nearest neighbor)
2JS5=8.8+0.2 meV

Double exchange model:

—> 14 W=16¢eV (half band-width)

X f Ju=3.2eV (intra-site exchange)

Perring et al., Phys Rev. Lett. 77, 711 (1996)
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MAPS Spectrometer
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Spin Waves in Cobalt

—
)
T

[+05 Qeert,-Qert,3] in2.506 A
D

'
—

L
'Lh

—
Ll

i‘-ﬁ-
bok e
(.L.l H=-J X855,

Intensity (arb. units)

0|||||||||||||||
-1.0 -0.5 0.0

15 1 05 0
[@,.0,3] in2834 A"
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os i I 1257 = 199+7 meV
vy =69 +12 meV
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v

Spin Waves in Fei.yTe1-xSex

a
3
v
H(rlu)
e 10 £ 1meV
1.0f*=043,
~ 05
=2
N R
x
-0.5
-1.0
-10-05 0 05 10
H(rlu)
i 10 =1 meV
v l
3
v
-10-05 0 05 10
Hrluw)
m 101 meV
1.0 =045,
_ 05
=
= 0
x
-05
-1.0

-10-05 0 05 10
H(rlu)

N

ry

fry

K(rlu)

K(rlu)

K(rlu)

K (r.l.

223 meV c 45+ 5 meV
5 2
4
3
2
H(rlu) H(rlu)

223 meV

-1.5 R N
-15-1.0-050 051015
H(rlu)
22+3meV

-15-1.0-0.50 051015 2_2 -1 0 1
H(rlu) H(rlu)

223 meV 45+5 meV

-15 I
215-1.0-0.50 0510 15

H(rlu)

K(rlu)

KCrlu)

K(rlu)

120 =10 meV

H(rlw)

H(rlw)

M. D. Lumsden, et al. Nat Phys 6, 182—-186 (2010).
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KCuF; - 1D Spin-1/2 Antiferromagnet

Faddeev and Takhtajan

F (Phys. Lett 85A 375 1981)

suggested excitation spectrum:

hot spin waves : 5=1

but pairs of “spinons” : 5=1/2
o = my(qy) + w5(q2)

qQ =q4:1*q;

NVIOU o

— continuum of excitations 0 1 2 3
Q (units of m/c)

o= (1/2) T | sin(nq) |
w, = J | sin(rnq/2)|

Numerical and analytic work:

@2).J  N2).J
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Low-Dimensional Excitations
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k IT ¢
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KCuF; Excitations

120

100

80 —

60

40 —

20

150 meV
100meV

I I I I I I
2 3 5 6 7 8
ENERGY (meV)
0 40 60 80

Intensity (abs. units)

T=50 K
e;=150meV

Sum over
low—~angle
detectors

-

MOMENTUM (m/c)
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* Broad peak can only be

explained by continuum

First clear evidence of continuum
scattering in S=1/2 chain

* Intensity scale:
A=178+001 =05

c.f. numerical work:
A=143

* Coupling constant:
J=341+0.6 meV

D.A.Tennant et al, Phys. Rev. Lett. 70 4003 (1993)
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KCuF; Excitations (again)

Direct observation 120
of the continuum 100

80

60

Energy (meV)

40

20
Stephen Nagler (ORNL) al
Bella Lake(Oxford)
Alan Tennant (St. Andrews) 1 05 0 0.5 ]
Radu Coldea(ISIS/ORNL) [0.0,17 in 1.605 A"
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CuGeO; 1D Spin-Peierls Compound

10K 50K

Energy (meV)

M.Arai et al., Phys. Rev. Lett 77 3649 (1996)
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Measurements of 4D S(Q,w)

B "Recent developments at pulsed neutron sources promise the most

significant advance in neutron spectroscopy since Brockhouse devised the
triple-axis spectrometer.”

[0 1.Q}]

0,0, G, in 0.3883 1341

[QVU,U]in1.4539 RS
Magnetic Fluctuations in MnSi
R.A.Ewings, T.G.Perring (ISIS)

Lattice vibrations in calcite (CaCOQOa3)
Beth Cope, Martin Dove (Cambridge)
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Measurement of Electronic Excitations

. f(€ax) — f(€gk+q) _ Xo(q,0) I
x0(Q) = a;{ €pkiq — €ak T 1V x(q.@)= 1-J(gq)x0(q,w)

58



Intersecting the Ewald Spheres

.60

»

E?m'q'g Transfer (me.‘&?

n

S . 100 L La,,Pb, ,MnO, 1" i
N T=10K .
. 3 80 - .- —
. |
Ny 60 |- -
s
40 | p i
Perring et al., Phys Rev. Lett. 77, 711 (1996) 20| / |
. .

¥2"/20 000 Y00 Y0 V22Ve 000 200 2272
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4D S(Q,w) by the Rotﬁon Method: Horace scans

60




Measurements of S(Q,w) at ISIS (Horace-mode)

B Experiments at ISIS have already demonstrated the value of measuring
four-dimensional volumes of S(Q,w).

- Scans typically take 1-2 days: 90 x 1° x 0.5h
- Similar technique used on NIST's DCS (for a single scattering plane)

[0.1,Q] D, 0, G,)in 0.3683 £i4-1 (@, 0,0in 1.4539 141

Magnetic Fluctuations in MnSi Lattice vibrations in calcite (CaCO3)
R.A.Ewings, T.G.Perring (ISIS) Beth Cope, Martin Dove (Cambridge)
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Asynchronous rotation measurements on ARCS

5
F:Asqufiles\25mev. sqw
105 £¢<-095in[t,0,0] -
£=-1.025:0.05:1.025 in [-1, &, 0], 7=-1.025:0.05:1.025 in [-1,0,7] , E=5.5:1:25.5
3
P
25 4 . =
S : o
15
3 104
£ : ; 5 : . . _
c ; 8 £ -4 -2 0 2
: - [€,0,0]in 1.6405 A
0-f-
-1 '1 %
<
1 S -
-1,0,1]in 1.1593 A’ alr
[-1, & 0]in 1.1593 A k1.0.ml S

6 5 4 3 2 A 0 1 2
[t,0,0]in 1.6405 A"
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ARCS Network

Event ID
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Case study: LaSr'zanO7

fASgwhiles\LaSr2
39=C<41in[C, ¢, 0]
&=-1.525:0.05:1.525 in [

f\Sqwers\LaSrZMn20? 12Elme\/ 2. 50w
012&¢201in[-& &0],332E=37

{=-2.025:0. 05 7.025in ¢, ¢, 0], 1=-30.05:0.1:30.05 in [0, 0,7
20 20
» B 135
1502 16
- 114
=< 10
< 60 o 112
g i 1
E . 10
§ fASqwfiles\LaS2Mn207 _120meY_2. sqw
ST 49=C0£51in[C,C,0],95£n£105in[0,0, 1]
&=-1.525:005:1.525 in [5-&, 5+&,10] , E=-0.5:1:90.5
5
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Case study: YNiz2B2C

hw =102meV
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F. Weber, S. Rosenkranz, L. Pintschovius, J.-P. Castellan, E.A. Goremychkin, R. Osborn, W. Reichardt, R. Heid, K.-P. Bohnen, D. Abernathy, PRL 109, 057001 (2012).
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LasRu2010: An Orbital-Peierls System




Antiferromagnetic Dimers

—— D (1))

XIIl Francesco Paulo Ricci School of Neutron Scattering 2015



Magnetic Excitations in Coupled Tetramers

=y w w
v o w

Energy Transfer (meV)
&
(=]

S(Q.w) Q=[2,K,-1]

Alternating Chain Model

K(R.L.U.)

S(Q.w) Q=[H,K,-1] i
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) » -
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t
4

J, =
Jx

J. =1,

2J,(1+6)
- Jo(l _5)

Khomskii Model: H. Wu et al., PRL 96, 256402 (2006)

J.P. Castellan, M.B. Stone, P Khalifah, R. Osborn, S. Rosenkranz, S. Nagler, unpublished
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Magnetic Fluctuations in CePds
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Magnetic Fluctuations in CePds




Energy [eV]
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DMFT Calculations of the CePds; Band

Structure
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CePd3 10K ARCS

| signal X y z

20O ++ v @

@long_name = L
energy = [-10. -9. -8. ..., 97. 98.
@long_name = Energy Transfer
@units = meV
errors = float64(81x81x81x110)
@long_name = Errors
intensity = float64(81x81x81x110)
@axes = L:K:H:energy
@long_name = Neutron Intensity
@signal = 1
In [10]: w3.entry.sample.temperature=10.0
In [11]: w3.entry.sample.temperature.units="K'
In [12]:

projections
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Energy (meV)

b

New approaches to data analysis

® The ability to measure 4D S(Q,w) enables new modes of data analysis

B For example, the measurement of the overlapping phonon modes in
multiple zones, where they have different structure factors, allows them
to be untangled.

Initial DFT values Refined values

q=0.7,0,0 ‘q=0.7,0,0‘
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10 "" l‘ &
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Parshall, D. et al. Phys Rev B 89, 064310 (2014). st 55 505 535~ 5563550555+ 38

Energy (meV) Energy (meV)

XIIl Francesco Paulo Ricci School of Neutron Scattering 2015

72



Conclusions

B Measurement of 4-dimensional S(Q,w) are becoming routine.

- This has the potential for revolutionizing how we do inelastic
scattering - not just in 3D systems.

- The technique would be ideally suited to rep-rate multiplication.

B This allows a much closer coupling of experiment to ab initio theories of
electronic structure.

B This should also encourage the development of advanced algorithms for
analyzing the data.

- Advanced data mmmg mer'gmg rep-rate volumes, four-dimensional
optimization o - —_
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