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Introduction(Motivation)

If extra-dimension exists,
Gravitational potential is different from

; Gravity Newtonian potential at short range.
R

,"\ Nima Arkani-Hamed, Savas Dimopoulos

L e and Gia Dvali

" Other fields Physics Letters B 429.3 (1998): 263-272.

Extra-dimension
119 T
< V(ir)=0G (1+aexp (——))
r A
Newtonian Yukawa
potential potential

We search for an unknown interaction
by the difference from the well-known potential.
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Introduction(Motivation)

Born approximation for Yukawa potential term
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Introduction(lnverse square law)
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Introduction(lnverse square law)
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Introduction (Principle)

Neutron is--- new
interaction

1. Electroneutral

- Suppress electromagnetic interaction
Suppress Van der Waals force Beam port

2. Massive I:___..fis_c_eﬂ.yl |
~$ Interact by gravity \\/

neutron

Detector

Noble gas has - well-known |-

Interaction

1. No molecular/crystal structure

2. Atomic spin O
~8 Do not need consider the effect of multipole.

3. Chemical stability

To search for an unknown force,
We measure neutron scattering from noble gases.
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J-PARC/MLF/BLO5(NOP)
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J-PARC/MLF/BLO5(NOP)
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J-PARC/MLF/BLO5(NOP)

J-PARC/MLF/BL05/Low-Divergence Beam Branch
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J-PARC/MLF/BLO5(NOP)

J-PARC/MLF/BL0O5/Low-Divergence Beam Branch

i :Wa\)e ength 2~ 9A -
8000 ................... .................. Intens’ty -5 3x ] O5CpS
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Use almost all generated neutron
Analyze by momentum transfer
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Devices

Gas Cell

e

-

I
V)

Beam port

L k=

new
interaction
Detector
Gas cell //
.1~ neutron

well-known |1
interaction

Neutron

Vacuum Chambr V.

Gas Xe(latm.) He(1atm.) Vacuum
Gas Cell Size d50mm LT145mm
Detector Size 600MmMx90mm
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3He PSD 3He Direct Beam
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3He Detector Pulse Helght 3He Detector Time Of Fllght

1/2 inch. 7tubes 10atm.
Voltage 1530V
Efficiency :100%
X resolution :~bmm
Linearity :99.7%
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Method
Window )

Time Of Flight vs X (Vacuum)
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Experimental Data(TOF vs X)

Time Of Flight vs X (Xe-Vacuum)
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Method

Compare between:--

Experimental data Simulation result

Time Of Flight vs X (Xe-Vacuum) TOF vs. X

Hist_ TOFvsX
Entries 3607980

Mean x  0.0008883
Meany 16.83
Std Dev x 0.1891
Std Devy 5.894

Integral 1.67

VS
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Experimental Data(X Plot)

~ Experiment

S S s

Simulation(Nuclear Scattering Only)

/

/

Not include Gas motion and Absorption

X plot Exp. and Sim.
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Method

Experimental data

Time Of Flight vs X (Xe-Vacuum)

VS

TOF [ms]

Simulation result

TOF vs. X

Hist_ TOFvsX

Entries 3607980
Mean x  0.0008883
............................. Mean y 16.83
Std Dev x 0.1891
Std Devy 5.894

Integral 1.67

— Make plots of differential cross section
as the function of momentum transfer

—stimate the sensitivity of this experiment
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do/dQ(q) (Preliminary)
Red line g=0.0~7.0[nm-1]

Xe-Vac Diff. Cross Section do /dQ Xe
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Summary & Outlook

It’s significant to measure gravity at a short range.

We are analyzing the experiment data very carefully now.

1026§_ ............................. e —— e e
Next experiment plan 102%_ _____________________________ ___________________________________________ éiéi;ﬁbéb'ﬁéé%ibiij _____
1. Increase gas pressure - 10 Nesvizhevsky ety
(1 00kPa -> SOOkPa) E 102 ...\ Kamiya etal. .
2. Make larger beam size 7 10|
(@10mm -> X10mm x Y30mm) § ¢!
3. Increase measurement time o bral
(1 day -> 1Oday) %1019 ________________________________________________________________________________________________________________________________________
O
1018 ..................................................................................................................................
Simulation Upgrade BT S NN\ Decca efal
1. Absorption 101 o e N

107° 1078 1077

Compton length A [m]
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Back Up
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Experimental Data(TOF vs X:He)

Time Of Flight vs X (He-Vacuum)
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He)

Experimental Data(X Plot

X plot Exp. and Sim.

<4<~ Experiment

Simulation(Nuclear Scattering Only)

Not include Gas motion and Absorption
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Experimental Data(TOF vs X:He)

[msec]

Time Of Flight vs X (Vacuum)
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Setup Sketch
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Test do/d€Q2(q)
Red line q=0.0~7.0[nm-]
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Collider Test and Laboratory Test

Planck Length
Y
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10 "
2
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1 i I Strong Force
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Classical and Quantum Gravity 32.3 (2015): 033001.
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J-PARC

Nuclear
Transmutation §

-~

Neutrino to
e <5 .  Kamiokande .
//w i \ ¢ —
o Linac 3 GeV Synchrotron g 50 GeV Synchrotron
(330m) 25 Hz, 1MW 0.75 MW
N

‘ J-PARC = Japan Proton Accelerator Research Complex

l Joint Project between KEK and JAEA
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Detector

3He Position Sensitive Detector

1/2 inch. 7tubes 10atm.
Voltage 1530V
Efficiency :100%

X resolution :~b5mm

—
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Detector

. 15 | | | | | | HistXY
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Cell Window

Al wmdow(O 1 mm)

The background can be smal
because Al window can be thi




Van der Waals force

* A = 10pm : Van der Waals force is the main background.

3hc ag
8T r

U =

(g :Atom electric polarizability
—30,. 3
Atoms.( H, He, etc.) ~ 10" °"m

Neutron ~ 104 m?
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n-e scattering

n-e differential cross section as a function of Energy and Angle

1.67 N
1.4 g - Backscattering is dominant.

e i " _
08_ .................................. ;)',Q "' * Nn-e scattering too small

Joe T T 2% e - . .
0.64° . 5K 9% to detect in MC simulation

-------------------- j .| for our detector region
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do B do | do
dQdE'  dQAE con  dQAE ine

be(9)Se(g,w) + b Si(q, w))

k/
Tk

be(q) = (be — beZ(1 — f(q)) + bc(q)

[mb]
03 " "
Nn-e scattering Is
m..-w;\ xe 1 . 06 2% 103 small than nuclear scat.
/ =
e ) Tl = o staan .
- .d"\‘. Data From Hubbel « 04
\ ¥ x 10
\.
“'-t.-._‘\_ Y -1
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9/ % b, Z(1 N
02 o

Method used to deduce atomic form factor f(q)
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Xe-Xe Ineraction

do do | do

dAQAE' ~ dQdE coh | dQAE ine

:%[bi (Q)ch(q,w) +b2S;(q,w)]

%’sc(q,w) = [Sc(q) + ASF(g)]8(w)

- Static approximation ldo
_ B 40
- Placzek correction 105l
- Lennard Jones interaction between Xe
104¢

ur)=—<|(2) - (2)°| *

101}
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Differential Cross Section

do do do

dQdE' ~ dQAE con | dQAE' ine
k/
= E[bi (q)Sc(g,w) + b7Si(q,w)]

Incident E, «2meV > A « 6A

— Total Differential Cross Section
—— Without Yukawa Interaction
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Structure factor

S(gq,w) = S(q)d(w)

S(q) =1 2qn /{e_kBLT — 1} r sin(qr) dr
0

R
2 e
~ 1A n/{e kT — 1} r sin(qr)
q
0

o0
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Data acquisition time

Time

100kPa Xe
2.16x10%sec

100kPa He '
2.16x10%sec

Counting Rate

[cps]

counting rat

Vacuum
1.80x10%sec

No cell

1.44x10%sec
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