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O0G30p coBpeMeHHbIX MEeTOAUK Heynpyroro paccesHus

HEUTPOHOB, CrnekTpomeTpbl peaktopa MUK

E. KnemeHTbEB

MHecmumym s10epHbix uccriedogaHuti PAH

HauuoHarnbHbIl uccriedogamernbCKul ueHmp
‘Kypyamosckuti uHcmumym”

HauuoHanbHbIU uccriedoeameribCKul 10epHbIU
yHusepcumem MUOU

Heynpyroe paccesitHme HentTpoHoB = HPH = HenTpoHHasa cnekTpockonus

inelastic neutron scattering = INS
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O yem Oypet pacckasaHo?

HentpoHas cnekTtpockonusa un ee ponb B (pn3nMKe KOHAEHCUPOBAHHOIO COCTOSAHUA
- 3aKOH ((pyHKUMSI) HEMTPOHHOIO paccesiHNS

- KBasm4yacTuubl

- KOHKypeHuus HPH ¢ npoynmMmn Tunamm crnekTpockonum

Tunbl CNEKTPOMETPOB

- BpewmsnponeTHble cnektpomeTpbl (TOF)
npsiMasi U obpaTtHas reomeTpumn

- TpexocHble cnektpoMeTpbl (TAS)
Knaccudeckne 1 ¢ MynbTUNNNLUPOBaHNEM

- TMOpUaHbIE CNEKTPOMETPbI

- CNEeKTPOMeETPbl 06paTHOro paccesiHus

- CMMH-3X0 CMEKTPOMETPbI

HentpoHHaa cnektpockonua Ha NMUKe
- MWK B KOHKypeHTHOW cpene
- "Heynpyrmne" npmnbopkl nepsoi ovepeaun Ha peaktope MUK (nnaHbl)
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Ilutepatypa o KkBasn4yactuuax n merongax HPH

H.B. Bpana, B.A. KynbbaunHckuin, "KBasnuactuubl B pusnke TBepaoro tena’,
M., ®usmatnut, 2005

H. Schober, "Neutron instrumentation” , Ch. 3 in Neutron applications in Earth,
energy and environmental sciences ed. L. Liong et al., Springer Publ., 2009

F. Hippert, E. Geissler, J.-L. Hodeau, E. Lelievre-Berna, J.-R. Regnard eds.,
"Neutron and X-ray spectroscopy”, Springer Publ., 2006

SNS ORNL tutorials
ESS presentations, ILL, ISIS, SNS, JSNS webpages

Apxus nekuun NMNNAD no ®KC
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UcTopuyeckme Bexm HEUTPOHHOU CNEKTPOCKONUU

1932 - OTKpbITUE HENTPOHA, MU3EPHbIE HENTPOHHbIE MOTOKU

1952 - PoxpeHve metona, NosiBIEHWE UHTEHCUBHBIX HENTPOHHbIX MYy4YKOB

1970 - HenTpoHHas CNeKTPOCKOMUS CTAaHOBUTCS MPOOYKTUBHbLIM

IKCnepmnmMmeHTaribHbiMm MeTogom

1994 - HoGenesckada npemusi N0 duU3MKe NpuUcyxaeHa 3a.

"for the development of neutron spectroscopy”
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Bertram N. Brockhouse
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Heynpyroe paccesiHne HEUTPOHOB B COMNOCTaBNEHUU C YNPYrum
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ABaxabl ancgpcepeHUUuan-HOe cevYeHue paccessHUNA HEeUTPOHOB
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€HeHUA HeUTPOHHOW CNEeKTPOoCKONuUUu-
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I'Iepexop,bl MeXxay ANCKPeTHbIMU COCTOAHUAMMU

SEQT) =y F2(Q)-Y p[ma,n)-6(E-A,,)

exp(—E, /kgT)
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D,eMOHCTpaLWI;I npuHUUuNna AeTtasibHOro pasHoBecus
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D,eMOHCTpaLIMFI npuHUuUna AeTtasibHOro pasHoBecus

CNEeKTpP KBa3unynpyroro paccesHus
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D,eMOHCTpaLWIﬂ npuHUUuNna AeTtasibHOro pasHoBecus

Heynpyroe paccesiHue

1.2

T=35K

E,=1meV
I'/2=0.5 meV
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Ni;V,0g E=3.07 meV; T=1.4K, (Okl) scattering plane

aKcrnepuMeHT nposeaeH Ha cniektpomeTpe CNCS (SNS) "time-event” meTogom
naHHble npepoctaBneHbl A. MoanecHsikom (ORNL)
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Bce HebeccMmbicneHHble hyHKUMM ONA pacceaHus

S(Q,w) is the “scattering law.”

Y (Q,7) is the (unnamed) momentum-time corrrelation function.
I'(R,w) is the (unnamed) space-energy corrrelation function.
G(R.7) is the Van Hove space-time correlation function.

P(R) is the Patterson function.

M(7) is the “memory function,” a time correlation function for dynamics
at a site (sometimes called Gg(7), a self-correlation function).

1(Q) is a diffraction pattern.

I(w) is an inelastic spectrum.

f(r.t) is a scattering length density.

Y (Q,w) is a neutron wavefunction.

http://neutrons.ornl.gov/media/pubs/pdf/inelastic_book.pdf
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B3anMocBA3b OCHOBHbLIX (PYHKUUU OANA pacCesHUA
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http://neutrons.ornl.gov/media/pubs/pdf/inelastic_book.pdf
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®yHKUMA (3aKOH) paccesHUA HEUTPOHOB. MarHuTHoe paccesiHue
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I MHEHUe rypy

areMeHmapHble Yyacmuubl - 3ieMeHmapHbie 8036YXO0eHUsI K8aHMOoBbIX rosiell, Haxo0sUUXCS 8 HU3WEM (8aKyyMm)
3Hep2emu4YecKoM COCMOosiHUU
KoHuenuus kgasudacmuu, 803MOXHO, caMasi sio0omeopHasi udesi 8 husuke KOHOeHcuposaHHbIX cped XX eeka

"BakyyM" B KOHOEHCMPOBAHHOW Cpefe = OCHOBHOE COCTOsIHME cucteMbl npu T=0

- KBa3n4yacTuULbl - 3NeMeHTapHble BO30YXXAEHWs1, NepeHOoCsILLME SHEPTUIO U KBA3UUMIYIbC

- Nto6oK ypoBEeHb 3HEPrMN CUCTEMbI NOMyYaeTCs Kak CyMMa 3Heprui KBasuyacTtul,

- anemeHTapHble BO30Yy)XAEHUS OXBATbIBAOT MHOTNE CTPYKTYPHbIE eAuHULbI (KoonepaTUBHbIE ABUKEHUS)

- KBasu4yacTtuupbl criabo B3aMMOAENCTBYIOT APYr C APYroM, SIBNSOTCS kKBasucTaunoHapHbiMu (cnabo 3atyxatoT)
- cTaTUCTMKa KBa3n4acTuL, He 06s3aTenbHO COBMaaaeT Co CTaTUCTUKOM CTPYKTYPHbIX 3N1IeMEeHTOB

P.W. Anderson, "Concepts in Solids", 1997:

There are two ideas behind the concept of elementary excitations. First is the
idea that the total binding energy of the ground state is not a very important physical
quantity, and does not have much to do with the behavior of a physical system.

What is important physically is the behavior of the lower excited states relative to
the ground state: those states, that is, which are likely to be excited at relatively
low temperatures or by weak external fields. We think immediately of a metal or a
semiconductor, in which all the behavior is determined by the low excited states
which we speak of as having a few moving charge carriers, or of the elastic or
thermal properties of a solid, determined by the presence of a small number of
lattice waves, which we call phonons. Thus our interest is often focused on the set
of low-lying excited states of a system as the physically most fundamental property
of it.
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HUA B reJiun

dun3nka NpoABUHYNack B MOHUMAHUM CBEPXTEKYYECTU renus N ero MakpoCKONMUYeCcKnx
CBOMCTB TOJIbKO MOCIe BbIACHEHUS OCODEHHOCTEN CNEKTPOB ero BO30yXaAeHUN:
1. yyactka ¢ nuHenHon gucnepcuelt (B 0Bbl4HbIX KNMOKOCTAX Takoro He GbiBaeT)

2. POTOHHOrO MUHMMYyMa

31K 0cobeHHOCTU Bbinv NoCcTynMpoBaHbl JlaHaay B “AOHENTPOHHYH" 3noxy a 3aTeM
GrecTse noaTeepaeHbl HEMTPOHHOW CMEeKTPOCKOMNUEN

,D,I/ICI'IepCVIFl KBa3n4acTtul B XXNOKOM reJ'IVII/I-II, HGIZTpOHHbM SKCMepUMeEHT (1971)
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2008 vs 1971
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Cowley and Woods., Can. J. Phys. 49, 177 (1971) Blackburn et al., Pramana 71, 673 (2008)
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HoctynHaa ana HPH obnacte B E-Q npoctpaHcTBe
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HenTpoHbl NPOTUB POTOHOB
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TOF cnektpomMeTpbl NpAMON U 06paTHOW reoMeTprum reoMeTpun
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TOF npsamon reomeTpun Ans UMMyNbCHOMO MCTOMHUKA

distance
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TOF npsmon reomeTpun Ans ctauMoHapHOro UCTOYMHMKA
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TOF oGpatHon reomMeTpun Ans UMMNYNbCHONO UCTOYMHUKA
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a (PU3UKY BbICOKUX IHEPrun?
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HocTtynHbin AnanasoH B Q-E npoctpaHcTBe
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Npamasa reomeTpusa npotuB obparHon ana TOF cnekTtpockonum
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OHepreTuyeckoe paspelleHue ana TOF npsamon reometTpun
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LdemoHcTpauuma BoamoxkHocTen. Obpasel ¢ CUNbHLIM NOrNOLEeHneM
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hw (meV)

him (meV)

T=300 K

2 2 -1 03 2
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O. Delaire et al.,
PNAS 108 4725 (2011)

N3MepeHust NpoBeaeHbl Ha
TOF cnektpomeTpe
ARCS (SNS, ORNL)
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OuHamuka pewetkn FeSi n CoSi
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FeSi. CuHxpoTpoHHblie usmepenusn 2013 r.
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NepcnekTuBHOE HanpaBneHuwe - TOF mynbTunnMuupoBaHue
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MNepcnekTtuBHOe HanpaBneHue - TOF mynbTunnuuupoBaHue
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NepcnekTuBHOE HanpaBneHuwe - TOF mynbTunnMuupoBaHue
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i TOF cnekTtpomeTpoB

K. Lieutenant et al., ICANS XX poster

Diffraction SANS Spectroscopy
(direct)
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MACS monochromator

Focus Radius is 4m
Target Diameter is 5cm
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N3mepeHus Ha TAS - npodeccrnoHan BblbupaeT nepcnekTUBHLIE

obnactu B obpaTHOM NpOCTpaHCTBE
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Energy (meV)

cuMmBoOrbl - akcnepumeHT Ha INS8 (ILL)
NUHUK - pac4deT B LDA npmbnmxeHumn dyHKLMOHaNa NnoTHOCTU
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[emMmoHCcTpauusa Bo3MOXHOCTeN. Bogopoacoaepxawmm obpasel
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MpubGopbl obpaTHoro paccesHus (Backscattering)
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MynbTUNIULUPOBAHUE TPEXOCHbLIX CMEKTPOMETPOB

IN20 flat-cone multi-analyser

Side view

31 channels
75° angular range
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CnuH-3axo npubopsbl (SE)

High energy resolution < 1 pyeV

Larmor precessions encode energy transfer

Precession of
/ polarisation vectar
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HenTpoHHbIEe ¢

HFR, Institute Laue Langevin SNS, Oak Ridge

mm Spectroscopy mm Spectroscopy
mm Diffraction mm Diffraction .

7‘

ISIS-1&2, RAL

mm Spectroscopy
mm Diffraction

FRM-II, MLZ JSNS, J-PARC
mm Spectroscopy mm Spectroscopy
mm Diffraction mm Diffraction

7

11
1. 6‘

IBR-2, JINR

mm Spectroscopy
mm Diffraction
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HenTpoHHbIEe cneKkTpockonua U audpakuma, COoTHoweHue B mupe u B PO

ESS, 15" stage IBR-2, JINR Russian Federation
mm Spectroscopy mm Spectroscopy mm Spectroscopy
mm Diffraction mm Diffraction mm Diffraction
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ope NUK. PeakTopHbIn 3an

IRINA 3

4?

EOM

M.B. Koeanbuyk, B.J1 AkceHos, B.M. CamcoHos u 0p., lNpenpurm @IBY MNUA® 2013
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Npubopbl Ha peakTope NMNUK. HentpoHoBOAHLIN 3an

Heumporabods | K2 Lar. nponycrHuk J—
buonezuyeckas 3auuma \'ﬂ_,
Heumporabodol
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HedmporoBods [ K3

M.B. Kosanbuyk, B.J1 AkceHos, B.M. CamcoHos u 0p., lMpenpurm ®IEY MNUA® 2013
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nua Ha peaktope MUK

xopowue HoBocTn ana lNMNUKa:

- B MMp€e HakonneH OonbLLIOM ONbIT NO CO34aHMI0 N SKCNyaTauum CnekTpoMeTpoB
HPH

- peaktop HFR (ILL) 6nu3ok no napametpam k peaktopy MUK, BbisiBNeHbl NNOChI U
MUHYCbl MHOTMX KOHCTPYKTUBHbIX CXEM CMEKTPOMETPOB

HacTopaXuBalLiue HOBOCTMU:

- UCTOYHMKM HENMTPOHOB McnaputenbHo-ckanbiatowero (spallation) Tvna GeicTpo
NPOrpeccupyoT 1, No-BMAMMOMY, NOGEXAAT B KOHKYPEHLIMN C peakTopamu

- BO3MOXHO yBenuueHue achdektmHoctn TOF cnektpomeTpoB Ha “spallation”
nctoyHukax B 20-25 pas 3a cuyeT MynbTUNNULUPOBAHUSA UMNYNbLCOB (Npw
nepexoae K ANUHHBIM UMMyNbcaM U GonbLUMM NPOneTHbIM 6asam)

- MO3ULMOHHO-YYBCTBUTENbHbIE AETEKTOPbI ¢ NnoLwaabto B aecatkun (30-50) m?
ctann 6acHOCMNOBHO OOPOru
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OCKonusa Ha peakrtope MUK

ba3oBble NpUHLUUNMDI:

- Heobxoaumo Bo3poxagatb metoamky HPH B cTpaHe

- HY)XKHO UMeTb BCe OCHOBHbIe Tunbl Npnbopos HPH xoTs 6kl ¢ Lenbo 0byvyeHns
N nogaep’KaHus TEXHOSTOMM

- HET CMbICNa KonupoBaTb pacnpeaenenme npundéopos HPH no tnnam, cnoxuselueecs
B HacToAwmnrm momeHT B ILL, Hy>xHa cobcTBEHHasa HMLWA 1 NMOEPCTBO XOTS Obl B
ogHom HanpasneHnmn HPH

- KOMNPOMUCC LeHa-Npon3BoanUTENbHOCTb UMM MakCcuMaribHoe KayecTBO?

BO3MOXHble pelueHnss U NPUopuUTeThbl:

- oTka3 oT 6onbworo yncna TOF “ckaHepoB BO30YyxaeHWIR"

- aKLEHT Ha KpucTanbHble criekTpoMeTpbl = TAS pasHbiX TUNOB, rMbpuabl, Npnbopsbl C
MMOKON CXEMOW - MHCTPYMEHTbI AnsA npod)eccMoHanoB
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HekoTophble BbiBOAbLI

- coBpemeHHasa OKC Hembicninma 6e3 HEMTPOHHOW CNEKTPOCKONMUA

- cnektpomeTpam peaktopa MUK npmuaetcsa koHkypupoatb ¢ TOF-"ckaHepamu
BO30Y>XAEHNN" YyJOBULLIHON NMPOU3BOANTENBHOCTY

- NPOCTOE KOMMpOBaHWe pacnpeaeneHys no Tunam npMbopHOro napka peakropa
HFR (ILL) - noxHbin NyTb

-OCHOBHbIe Tunbl criektpomeTpoB HPH gomkHbl 6b1Th NpeactaeneHnbl Ha NKe xoTt4a
Obl B 0gHOM 3k3emnnsipe (obydeHne n nogaepkaHne TEXHOMNOIMIA)

- aKUeHT Ha npmbopbl Ans NnpodeCCnMoHanoB - KPUCTarnbHbIE CMEKTPOMETPHbI,
rmoépuabl, rMOKne cxembl
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CNACUBO 3A BHUMAHMUE!
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