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1.Introduction

Yukawa-type new interactions
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1.1 Current limits

et
neutron scattering

* e.g. Kamiya et al. (2015)
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+ Slow neutron beam (A=5A, E~3meV)

+ 2 atm Xenon

- Precise measurement of scattering angle distribution




2. Scattering law

N atoms

) ?eutir(on (tergets) /gutgoing neutron q=lk-Kk’|
momentum
> - momentum k’ w=(k2-k’2)/2m

differential cross section :
coherent / incoherent scattering length

d20. kl I\

T 2¢
dQdw _Nk: [bcoh(Q)SC(q’w)+bz’5’2(q’w)]




2. Scattering law

incoming neutron 1(\I atom§
tergets / . |k -k
b, outgoing neutron = 5
> - momentum k” w=(k2-k’2) /2m

+ differential cross section :

coherent / incoherent scattering length

d20 . I\

N— [02,1(q)Sc(g,w) + b2S;(gq, w)]

ddwi ok ‘
dynamic structure factor
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2. Scattering law

incoming neutron 1(\I atom§
tergets / . |k -k
b, outgoing neutron = 5
> - momentum k” w=(k2-k’2) /2m

+ differential cross section :

coherent / incoherent scattering length

d20. kl I\

2
dynamic structure factor
-
—iwt —iq-R;(0) ,ig-R;/(t) : indices of atoms
Sc(q,w; T, p) = 27rN/ dte Z< e > ]
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o =

N

2. Scattering law

kl

— [Zon(@)S(a) + 1]

S(q)

for ideal gas (illustration)

S(q)

for dense gas (illustration)

S(O) = pﬁ:TkBT




2.1 coherent scattering length

General expression (leading term, for cold neutron) :

beoh(q) = be — beZ[1 — f(q)]

for Kr
be = bn, + bn,
= the neutron electric polarization e
the strong interaction
be = br + b
\— intrinsic n-e scattering length ~-1.5x1073 fm
neutron charge distribution - electron
Foldy scattering length e

neutron magnetic moment - charge density of atom

f(q) : the atomic form factor (the empirical form)

1
Al

qo=1.9Z71/3 [1/A]

cf. V. E. Sears, Phys. Rep. 141, 281 (1986)



2.2 static structure factor

# interatomic potential : ¢(r) xr=°® (r — oo)
...due to the van der Waals force

0.

*  According to the fluid structure theory :
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FIG. 3. Potentials for krypton, —, present potential (K2);

o, Docken and Schafer (Ref. 8); x, Bobetic and Barker
(Ref, 15); +, Buck et al. (Ref. 9).

Barker et al. J. Chem. Phys., 61 (1974)

cf. L. Reatto and M. Tau, J. Phys.: Condens. Matter 4, 1 (1992)



2.2 static structure factor

6

interatomic potential : ¢(r) xr™® (r — o0)

...due to the van der Waals force

According to the fluid structure theory :

1 = Sta)—=14-= ZB
on2pr /0 dq {q 0) }sm qr Bo(r) < r as r—oo

From the results of “the asymptotic Fourier analysis”

(P F(0)=- 0y -F¥(0
;/ F(q)sinqrdq ~ :22\— r‘E )\+ ré )—
0
=) —0

‘ 25
0) _

F(g)=q{1-5"(q)} F"(0)=—52(O) =0&5(0)=0

\4

S(q) = So + S2q* + S3q® + Saq* - --

cf. L. Reatto and M. Tau, J. Phys.: Condens. Matter 4, 1 (1992)



2. dcattering length with new interactions

The potential due to new interactions :

1
“2+q2

g1t Born approx. m

BT o Lo
= anW(Q) R 27;-9 1Q2

¢ §
Vhew (7’) 2 EQ2Q1Q2

The scattering length :
bcoh (Q) ~ bc = beZ[]- 33 f(Q)] +bn0w (Q)

2
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(For Kz, Yem ~ 10=2 Xnew ~ 1072  (1/p =10"%m, ¢g* = 1071%) )




2. dcattering length with new interactions

The potential due to new interactions :

1
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The scattering length :
bcoh (Q) ~ bc = beZ[]- 33 f(Q)] +bn0w (Q)
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2. dcattering length with new interactions

2
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The differential cross section (coherent term) :
do k'
et = N—b2(q)S
( dQ)coh 1 0e(@)S(a)
k' 2 s 2 3
= N— x bz {1+ 2Xem[l — f(@)] + 2Xnew 55— ¢ X (So + S24° + S3¢° +---)
= k g+ u :
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4. EERSEAFE DR

e wil o Gwith VieStas 2 7 ok o2

sample
EEEEERN I> G:ﬂ . ié/f% r
* S(q) data : Teitsma et al. (1980)
b?am ) barn | 4mb2  4mb;? Oabs
- P& 5A detector e = | 67 e 0101 25
- A& 16mm * WOELA ¢ 167 mrad 86Kr | 8.2 0 0.003
- JEHUAH 3mrad
;:5"0‘2:” Preliminary 86Kr ﬁ
FCOERC & D ML TS 3
i b o < x5 & 5
natural Kr . g
density*radius[m”-2] 3 )
-e=e——2.425 nm3 (80atm)
----—1.964 nm3(70atm)
0.799 nm=3 (30atm)
10"25 : """"26 : """'27
10 10 10

density*radius[m”-2]



A, EESE DR

1[G & % BB L

86KrD 1[R[ ELD B K

— % HEEL > 10%

IR 122 BEECEL < 1% AT
95 L 86KrlZ T 5 ZHIRIZ A\

86Kr
o 03
£ Tt ..
¢ | Preliminary
(o] -
3 R //
2 0.25(-
g r /
() L -
> I 2.425 nm-3 2/
£ o 2~ 1.964 nm?3 /
) V4 o -3
£ ] 0.799 nm /
2 L
Q -
s |
S 0.15 p
gL
0.1
0.05-

-
llIlllllllllllllllllllllllllll

300 400 500 600 700 800
density*radius[m”-2]

1

024



0. Analysis

Benmore et al. ]. Phys.: Condens. Matter, 11, 3091(1999)

Experimental conditions

86Kr gas fluid, o.=4mb?= 8.2+0.5 [barn] S
T=297.640.5 K 3 . """""" ©
0=0.804, 1,522, 1.984, 2.231, 2431 nm®(~80atm) 3
the statistical error : 0.5% . ﬁEtingfféiﬁc‘g}"e""~ ....... |

0 I 2 3 4
q [nmA-1]



0. Analysis

Benmore et al. ]. Phys.: Condens. Matter, 11, 3091(1999)

Experimental conditions

86Kr gas fluid, o.=4mb2= 8.210.5 [barn] 200 e,
T=297.6+0.5 K g | e, e, ©
T 4
Q:O~804; 5201208 £2208i:=-2:43l nm?3(~80atm) e 3
P 2
the statistical error : 0.5% 13 ﬁEtmgrange . o

0 I 2 3 4

The fitting function
q [nmA-1]

2
{ 1+ 2xem{1 = £(@)] + 2Xnew 75— } X (S0 + 820° + Ss0°)

So = 1.423 + 0.008
The fitting range : 1< q<2.8 nm?

. lower limit : to ignore the retardation effect

. upper limit : to avoid contributions of higher order terms



0. Analysis
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6. Summary
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Multiple Scattering

The Double Differential Cross Section in the small-sample limit
d?o D=l

T P N

N : the number of target atoms

k,e
0s: the scattering cross section ko, €0 ,‘/ Q=ko—k

S(Q,w) : the dynamical structure factor
(the Van Hove response func.)

target e e

» The Double Differential Cross Section (the general form)
d?o Ok
e e ;S"(k"’k)

sj(ko, k) : the contribution from neutrons which have been scattered j times
+ single $1(ko, k) = S(Q,w)Hi(ko, k)

dOUble 32(k0ak) — TZ:: /dQ]dG]S(Q],W1)S(Q2,W2)H2(k0,kl,k)

* H;(ko,-- ,k): the transmission factor Q1 =ko — k;

k, < Q2 - k] —k
» We require a knowledge of S(Q,w)

ko,éo W1 = €9 — €1
Wo = €1 — €

—multiple scat. corrections are important



