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Preparation for nTMM search

by regeneration at GP-SANS
(our next after summer 2023 HFIR experiment)

Yuri Kamyshkov
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NTMM model assumes Am = 0

System (n,n") is in Center of Mass KE = 0, absorption is absent W = 0
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MM Model requires u = u' - neutron magnetic moment = 60.37
and n' =n = ku - transition magnetic moment nTMM 1 < u ; k —is unknown

our goal to search fork = n/u < 107°
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Let’s simplify the case by considering B’ = 0and V' = 0
and only one polarization of neutrons
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On the Neutron Transition Magnetic Moment
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Figure 2. Upper limits for the oscillation parameters ¢, eg assuming x = 0 (left panel) and «,

xg assuming & = 0 (right panel) as a function of the mirror magnetic field B’. The parameter areas
excluded at 95 % C.L. by the experiments [49-54] for &(x) are confined by solid curves of respective
colors and are shaded in dark green, and for £g(xg) are confined by dashed curves of respective colors
and shaded by light green. Dashed pink curves confine the parameter area which can be relevant for
5.20 anomaly in Ap reported in Ref. [55], and its part still not excluded by other data is shaded in pink.
Let us remark, that the exclusion areas are obtained by assuming that the magnitude of mirror field B’
and/or its direction with respect to the laboratory site remained unchanged during several years of
time lapse between experiments [49-54] which however might not be the case.



Idea of TMM measurement

We will have not vacuum but air STP environment and B

B will be varied to
H = (V o ,UB nB) have a resonance at uB =V

T]B O for one of polarizations
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P, .(t) = ("52) sin?(Qt/h) Q=
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Inresonance Q=nB and P,/ (t) = sin*(nBt/h)

P(n—n') at Vav=850 m/s
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Position of the peak is in principle known B =V .-/,

Vair(STP) ~ 0.120 neV
uB = u-(20G) = 0.120 neV
Our goal to reach k < 107>

Q=nB=kKkuB =107°-0.120 neV =
= 1.2 x 107 eV

Time of flight 1.7 m At = 2 X 107 3s

P,/ (At)

1.210715.21073\°
6.610-16
1.3x 1073

Q

Collimated GPSANS 4x4 beam
intensity 4.6x 10° s~1!
(9% 108 for aperture 2 cm dia)

Regeneration effect in the detector
~ 0.78 n/s at peak with k = 107>



What is needed in theory study

1. Vaircstp) = 0.120 neV need to be calculated with high accuracy
as the function of T, p, and humidity

2. Effect of Cd absorber on further regeneration (evolution calculation).
3. Include in calculation the air and Cd absorption and scattering

4. Include effect of mirror B’ and V' and €



2m

ISSTSIITRR R IR BRSEIRBO R IAR ARG IR AT IRARRI IR RR AT
(ARG IR RRR (AR (AR R R IRER RV SRR RTIRARE IRRRRT{

/
16 m {sm’ 20m
< =
35m nTMM measurement scheme

R0 Gauss } § 20 Gauss 4
1.7m Cd 1.7m

Two scenarios for magnets installation

1. replace last 2-m guide section with “experimental table” to be constructed. First magnet is on the table.
2. remove last guide section and install both magnets on the supports (to be constructed) — no table

Need engineering support for accurate dimensions and for the design of “experimental table”

Both magnets supports can be constructed at UT Funds for the experimental table construction ?

In UT NP budget | have money for 2 magnets and supports construction



Attenuator Package:
Gray Is varying
thickness of PMMA
Pink is boron nitride

When we are in any
position other than open,
we get backscattering of the
beam in the monitor.

BN Close
x100k

Beam x10k

\ . ~
We will use: Velocity N x2K
: ' - Selector || Monitor= —

No velocity selector — white spectrum

*  Will use beam monitor <~ %30
Will need to use Bio-SANS monitor as well
Will use “BN Beam Close” X3

e  Will not use PMMA attenuators
* 14 m neutron guide m=1 4x4 cm? installed Open



Beam simulations Q: is it latest McStas files?

Lisa’s McStas files generated on ~ 12 June 2021 :
(1) CG2_Collimator_Guide_8_output.txt with 8,575,528 lines or ~ 850 MB, v~850m/s

(2) CG2_velocity_selector_output.txt with 10,033,399 lines or ~ 1 GB

* For nTMM search we'll will need 14 m - guided beam with full 4 X 4 cm? opening
* We will assume that 16-m McStas beam simulations will be good for 14-m guide.
 Guided files shows beam intensity (sum of weights) 1.95 x 10%° n/s (4 X 4 cm?)

Intensity calibration for aperture 20 mm (Matt, James)

Beam Intensity Measurements:

-Lowell Beam: 9.93 * 1078 neutrons/s
_Au Foil: 7.4 * 10°8 neutrons/s — extrapolating to 4x4 aperture beam intensity
-Average Intensity: 8.7 * 10”8 neutrons/s ~ 443 X 109 TL/S

-Estimated Error: 1.3 * 1078 neutrons/s
-Relative Error: 15%




Beam size / Magnet diameter

| xoem | Yom | Rem

Collimator end

End of Mag 1

End Magnet 2
Detector @ 20 m
Detector @ 6 m

+ 2.0 + 2.0
+ 3.2 + 3.8
+ 4.6 + 5.8
+ 20. —32 + 28
+ 10. —13+12

Magnet design parameters :

Number of magnets
Length

Tube diameter (OD or ID)
Tube wall

Grove size machined
Grove step period
Nominal field required
Designed for max field
Required current

2

1.7 m

g”

0.25”

2.1x3 mm?
4 mm

20 Gauss
31.5 Gauss
10 Amperes

<4.5
<6.5
<35
<15

PVC tube cost 8”x10’

UT lathe machine

Copper wire 12 AWG (10A)
Wire 12 AWG diameter

12 AWG resistance/1000 ft
Supports for two magnets

Support for beam catcher

For the magnets we can use
PVC tube with dia ~ 20 cm

2x5340

66" long =167.6 cm

2 spools x 1000 ft = $670
2.05 mm

1.6 Ohms

can be made at UT

can be made at UT



Magnet power supply

https://www.ato.com/20a-dc-power-supply?affiliate=shopping&gclid=EAlalQobChMlyabjh53y AIVTBZMCh1RuwoVEAQYBCABEgL7PPD BwE

20A 30V 600W Adjustable Linear DC Power Supply

L8 .8 6 8 1

—_

EE  REGULATED BC POWER SURPLY 0-20¥%-20A DUAL OUTPUT  cwoaen $528.46

600W dual output power supply is a DC regulated power supply with continuously adjustable 0-30V

— output voltage and 0-20A current, 4-digit LED display, precise accuracy of 0.001A and 0.001V. Featuring
e _ _— — ————————— | ) L . . - L. . .
— compact size and reliability, it is a great tool for notebook, mobile phone, flat panel maintenance, etc.
r’ { {
™ — SKU: ATO-DCPS-20
e o © (e

Input Voltage * 110VAC ~

We need remote control and status read of the power supply


https://www.ato.com/20a-dc-power-supply?affiliate=shopping&gclid=EAIaIQobChMIyabjh53y_AIVTBZMCh1RuwoVEAQYBCABEgL7PPD_BwE

Other magnet issues

We do not have magnetometers (like Bartington) for 20 Gauss

Possibly can borrow magnetometer
for the lab calibration Field vs Current

External environmental field in the HFIR experimental hall
is not uniform. Magnets can be wrapped from outside
with u — metal tape (Ref: Chris Crawford)

Do we need construction material review and certification
for beam use at HFIR? (Cu wire, hard PVC)?



https://www.lairdconnect.com/iot-devices/lorawan-iot-devices/sentrius-rs1xx-lora-enabled-
sensors?utm source=Electronic+Design&utm medium=Product+Spotlight&utm campaign=RS1xx

) La | rd CONNECTIVITY Products Services Support Resources Markets Partners Contact . o

loT

Using air at STP as an active media Sentrius RS1xx LoRa-Enabled Sensors
We need to monitor near the magnets

O Status: Recommended for New Design (RND)

1. Temperature

¢ ¢ - RS1xx with Open/Closed sensor + Integratel Temp / Relative BTGty
: : Now available: Sensor variants supporting LoRaWAN regions AU91L 1928 an “a growing number of <
° u I I l I I y countries in the AS923 region

The Sentrius™ RS1xx temperature and humidity sensors enable battery-powered, local and wide-area
sensor applications using LoRaWAN and Bluetooth 4.2! The RS1xx are small, rugged, and easily
configurable sensors making it easier than ever to monitor environmental data with your own network of
SENsors.

New!

- RS81xx with Ext. RTD Temperature Probe Se| ‘ot

Whether it's the integrated temperature and humidity sensor or the external temperature probe sensor
with a wider temperature range, both are powerful yet power-conscious sensors. Configurable to
transmit infrequently and last for years on the same set of two replaceable AA batteries. This means
minimal maintenance, a network you can deploy and depend on.

Easily create a sensor network that provides miles of coverage, easily configurable via a Smartphone


https://www.lairdconnect.com/iot-devices/lorawan-iot-devices/sentrius-rs1xx-lora-enabled-sensors?utm_source=Electronic+Design&utm_medium=Product+Spotlight&utm_campaign=RS1xx
https://www.lairdconnect.com/iot-devices/lorawan-iot-devices/sentrius-rs1xx-lora-enabled-sensors?utm_source=Electronic+Design&utm_medium=Product+Spotlight&utm_campaign=RS1xx

GP-SANS Detector

Nominal z-position at 20 m

Better position is 6 m (if background allows)

We can use additional shielding around the magnet
and beam absorber (Cd sheets, Lawrence)

Detector thresholds higher than in previous runs (Matt)



DAQ

* Need to included magnets current control/ reading
and temperature, pressure, humidity sensors

* Use Matt’s ASCII format files for GP- and BIO-SANS information integration



, n
General formulas for mixed system (n’)

eigenvalues determining the energy

v d If H is real Hermitian matrix with
levels for two oscillating components:

X—y
2

2
Ao = + ( ) + d? -- energy eigenvalues

/11_/12 (x_y
2

2
) + d? oscillation frequency



2
P, (t)= —Sm2 (wt/h) general case solution

d-t 2. . . wt
P, . (t) = (T) in quasi-free condition s <1

2
P, (t)= d— % in high-frequency regime %t > 1
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