UT-ORNL NN’ zoom meeting , Sept. 13, 2022, YK

LD2 Moderator neutrons through Large Beam Port at ESS

Validation of files sent by Richard Wagner

1. ESS LBP Neutron Files received from R.W. in June 2022

LBP_FILE_V2.txt was used in calculations. Ref: Richard June 03, 2022, 4,347,960 events, sum of weights 0.123948768

z startis 0.225m
The source is retrieved from an MCPL-file from simulations of the latest moderator design

"HIGHNESS LD2 MODERATOR VERSION 1.02“ In the MCPL-file all particles started at z=2m.

Origin of neutrons from
moderator Surface Intensity at 5.5 m

PSD monitor

LBP size :
~156.7x119.1 cm?

LBP size (eng. dwg):

40x24 cm? 148.4 x 111.8 cm?
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2. File “neutrons_at LBP_exit from 15x15” received Sept. 2, 2022

event file for neutrons at 5.5m from a 15x15cm opening

z startis 0.25m

0.0 0.1 0.2 0.3
x[m]



LBP at ESS
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Y May 27, 2022

Definition of LBP at 5.5 m A

5/28 Luca: | just checked the MCNP model, -23.7 is the center of the liquid deuterium moderator,
in the present design. | think it is what is geometrically allowed, with a viewed surface of 24 cm
height, and the need to have a pre-moderator of 2.5 cm between target and moderator.
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LBP
May 2022
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THIS SURFACE TO BE MACHINED AND THREADED AFTER WELDING

WELD 01-04 TO BE PERFORMED ACCORDING TO WPS AND

DOCUMENTED ON WELD LIST

COMPOMNENT 1-3 WELDED ACCORDING TO 50 5817 CLASS B (HIGH)

ALONG ALL 4 EDGES

MNN-BAR PORT SHALL HAVE A SURFACE FINISH OF MAX Ra 1,6 OM ALL

INTERIOR SURFACES

SHARP EDGES BROKEN

PARALLEL PINS SHOULD HAVE A SMALL GROOVE ALOMG ITS LENGTH

TO PREVENT TRAPFED AIR

PROTECT INTERNAL PORT FROM CONTAMINATION AND SCRATCHES

INTERNAL PORTS TO BE CHECKED AND CLEANED BEFORE

ADDITIONAL ASSEMBLY

MNNEAR TUBE TO BE LIFTED WITH SPREADER BARS 50 THAT THE

LIFTING POINTS IS LOADED VERTICALLY

INSPECTION PLAM FOR ASSEMELY ES3-0338742
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HighNess Design of the Cold Source T

Cond. matter

The high-intensity liquid
deuterium moderator has
been designed with two
openings, for NNBAR and
neutron scattering
iInstruments
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Configuration (vertical) as seen
from the simulation files, mm
Emission surface Emission surface
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SANS B

asic Calculations & Comparisons
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PAUL SCHERRER INSTITUT

PS SANS Basic Calculations & Comparisons (From June 2022 HighNESS meeting)

What is MCPL version?
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Two files prepared by Richard W. from MCPL simulations: 03/23/22 09:15:56
HIGHNESS LD2 MODERATOR VERSION ?
1.02
NNBAR tests 162 Ncount: 8,604,876 Events in file: 4,347,960 nnbar file — 3,464,056 in LBP

NNBAR_tests 5p5 15x15 6 Ncount: 18,929,637 Events in file: 9,257,268 15x15 file — 7,369,859 in LBP

Both files give XandYatZ=0(=5.5m)

Both include upper and lower moderators as source :
Both are with weights p per 2 GeV protons (5 MW ESS operation) | E
# variables:p x y z vx vy vz t Ul U2

Origin coordinates: U1(@z=0.225) U2 (@z=0.225) for nnbar file 40x24 0 i 0 0

Detector Y [cm]

It ty[ eutro //]

Origin coordinates: U1l(@z=0.25) U2 (@z=0.250) for 15x15 file pereceren
conflrmed
Total weigh Total in LBP from LD2 > =44 in 10x10 cm?2
In 40x24 file 0.12395 0.09848 0.06932 0.0204126 3.01808E-3
In 15x15 file 0.08174 0.06348 0.03531 0.0083716 3.88022E-3
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Distributions from the full area of LD2 moderator

Velocity spectrum/MW from 40x24 and 15x15 LD, Wavelength spectrum/MW from 40x24 and 15x15 LD,
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Sum of weights for 5 MW

40x24 cm? within dia 15 cm 15x15 cm? within dia 15 cm
All As 1.17354E-2 All As 1.58672E-2
A>4A  5.17202E-3 A>4A  6.53302E-3
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number of neutrons, a.u.
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Distributions from the central circle dia 15 cm of LD2 moderator

Velocity spectrum/MW from 40x24 and 15x15 LD,

from the circle 15 cm dia
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Magnification factor Q

Neglecting effect of gravity
if@,=2m-0;,=10cm

This is property of specular mirror

| t L—-D 190 :

i : for small angles — = —— = — = Q ~ 20 and yalld forény.type of reflector
- D= 10m S D 10 Q —is magnification factor.

| Mirror imperfections and
misalighment can reduce Q

S eSS SRR, Qg

=200 m



W i June 2022, Richard Wagner / ILL

HighNess

. . 1e9
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' ?
that land Iin the detector: _
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CO m p a ri S O n At 5 MW Richard Wagner on April 12, 2022

Same optics as with Esben spectra (baseline)

 Ratio FOM: 310/ 468 = 0.66
\ S
 Ratio Area: (15x15)cm?/(24x40)cm? = 0.23

* FOM for LD2_ESS (Esben’s model): 290 (@5MW )






# variables:p x y z vx vy vz t Ul U2

ty = (x — Uy /vy

t, = —Uy)/vy

(t; — t,) peaks around O

Us = Zsource = 5.5 — v, + (t; +t3)/2

This is tally for MCPL simulation but not emission surface proper

For finding z-position of emitting surface one can calculate
FWHM at different z for the neutrons passing the aperture of LBP

Upper moderator, source FWHM vs Z-source

15x15 file

40x24 file

0.03 -

FWHM of source Y-image, m

D.Dz IIIIiIIIIiIIIIiI IiIIIIiIIIIiIIII
02 02 03 04 05 06 0.7

Assumed source Z-position, m

o

0.14

0.12

FWHM of source X&Y-image, m

it
=

Lower 15x15 moderator, source FWHM vs Z-source

Assumed source Z-position, m

: X-FWHM
Y-FWHM
0 01 02 03 04 05 06

0.7



03/23/22 09:15:56
HIGHNESS LD2 MODERATOR VERSION
1.02

probid = 03/23/22 09:15:53
bazis=: XY

( 1.000000, 0.000000, 0.000000)
( 0.000000, 1.000000, 0.000000)

origin:
( 0.00, 0.00, 0.00)
extent = ( 100.00, 100.00)

cell labels are
cell names

File “geometry.pdf”

70003 5007

70011

5014

35000&0

70012




Measurements from the drawing (file geometry.pdf), mm

03/23/22 09:15:56

HIGHNESS LDZ MODERATOR VERSION @
1.02

250

124

Void?

Be 250 LD2




SANS

Basic Calculations & Comparisons

y position (cm)

y position (cm)

-1

x position (cm)

L

0
X position (cm)

{

i:&
10

x10" <10
9 6
8
5
7
6 — T la _
) o »
= T <
52 e 2
2 = 32
7]
@ 8 :
>
3 2
2
1
1
0 0
-10 -5 0 5 10
X position (cm)
x10" <10™
¥y 4
7
35
o 3
- E 2
w ]
5e % 25 E
2 5] 2
4 [ = [
§. 7} 2 §
£ g £
= 15
2 1
1 0.5
0 0

X position (cm)
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SANS Basic Calculations & Comparisons

—
"
11
O 10
v
£
510" , ,
™ = 15x15 cm” (Tot.Flux = 9.5760e+12 n/s/cm*)

" == 10x10 cm? (Tot.Flux = 1.4158e+13 n/s/cm?)
109 - 7 5x5 cm? (Tot.Flux = 2.0141e+13 nlslcmz)
£ == 3x3 cm? (Tot.Flux = 2.2174e+13 n/s/cm?)

107 10° 10"
Wavelength (A)

Page 23
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June 4, 2022, YK
LOGBOOK for ESS LBP Neutron File produced by Richard Wagner in June 2022

LBP_FILE_V1.txt before some “problems” fixed, 4,246,892 events, sum of weights 0.121623322
LBP_FILE_V2.txt was used in calculations. Ref: Richard June 03, 2022, 4,347,960 events, sum of weights 0.123948768

Origin of neutrons from
moderator Surface

Intensity at 5.5 m

PSD monitor

y [m]

-04 -03 -0.2

-0.1 0.0 0.1 0.2

0.3
x [m]






CHANNELS 100
10
1

CONTENTS1000
100
10

1.

0

LOW-EDGE 10

1.

0

* ENTRIES
* BIN WID

Time in ms extrapolated to the origin fromz=5.5m

DATE 04/06/2022

NO

1

2 3 4 5 6 7 -1 9 0
1234567890123456789012345678901234567890123456789012345678901234567890123456789012345678901234567890

7624324242537463037711910608679455676167260393176320866544332221111110100000000000000000000000000000

T I I I 1111111111111

11111222223333344444555556666677777888889999900000111112222233333444445555566666777778888899999

0246802468024680246802468024680246802468024680246802468024680246802468024680246802468024680246802468

* UNDERFLOW

= 50
---T1I
! I
e | I
-1 I
I I
-1 I
-1 I
I I
! I
I I
I I
I I
-1 I
I I
I I-
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I-
I I
I I-
I I
I I-
I I-
I I-
I I--
I I--
I I--=-~
I
0
0 1
1T111111111111
80112233333444843221111
8439491468911203472852097654332221111
9328517330409953043458827456938407420976544322211111
3709205 * ALL CHANNELS = 0.2111E+053
0.2000E=00 * MEAN VALUE = 0.1856E+01

* R

M

5

0.2020E+02
0.1199E+01

* OVERFLOW
* NEQUIVAL

0. 2595E-02
DSOS E LN

Selection: exist through LBP
-0.80m<x<+0.78 m
-0.60m<y<+0.60 m



HBOOK ID = 110 DATE 04/06/2022 NO = 16
CHANNELS 100 U 0 10
10 N O 1 2 3 4 5 ] T 8 9 ov

1 D 12345678901234567890123456789012345678901234567859012345678901234567850123456789012345678901234567890 E

PR R R SR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RS R R R R R R R R R R R R
O 25 OVE * wRERRKE L * OVE
+ . m — 2.35 % 556564....... * 50
2.2 * TTTITS e * 49
2.05 % OAAAAB+.......... . * 48
1.9 % EFFGGE222+.......... * 47
1.75 %  ORTWZWECAB42+............ ce e * 46
1.6 * Bk 1 1 L B e e * 45
1,45 % kEERm ARk RYRLEBOTSAB224 % 11ttt e e e e e e e * 44
1.3 #  whwhwkkwRw R A TNHDBOTS4422 T+ 44+, * 43
1,15 % kkkka R Ak Rk RS GORTSA32 24444, L .. * 432
1 * *********Qsﬁ'sdz.‘..‘. IIIIIIIIIIIIIIII * 41
85 % OOSUWSA97532+............. * 40
E 7 # HITIJE2++........u.... ) * 39
55 % KLLMMHA+%. . 0usinnnanans * 38
- 4 % LLMMMHA 4. o e ieinns s * 37
(- 25 % CODDD9...sinnans * 36
o— A * 000007, e, * 35
oo - 05 % TTTBBB. aerantiaiaaaanas * 34
— .2 * o OBBOBBB. ... iaiaaa... * 33
— 35 % BBBBBB............... * 32
o - 5 % GHIHID#%...euseernnnnnn.. * 3
- 65 % PRRRRMZ+#+............. * 30
Y .8 *  DDEFFCH+++. e anenannnns * 29
O : 95 % JKKLMJ44332++. ... ..., * 28
o - #  waxsasHGFCOT5333222++++ * 27
- 1.25 % wesssOMLIDABT7BBBT655443222+++++ e . L% 26
= gy * whkhwd QDOKFCABBCDDCBBOBTE5543222 444441 1t asusaranannesannnnns e e e e . L% 25
(O | 155 #  #####*RQQLGECCDEGGGEDCBABTBS4332224 444 .0 uurnnnnsssssnnsnnnss * 24
cC - 1.7 #  wakdw*TSANIFEEGHKLKIHFDCBOBTE5433222 4444, 10 vraranunnnnannnnns * 23
s—  _ 1,85 %  ####%*TSS0JGFGIKNONLKIFECBO7765433222+++++ * 232
T - : #  w#####SRROJGFGILOPPNKJHEDBABT 6544332 ++++++ * 21
S_ - 2.15 #  ####%+RQRNIGFGJMPQQOMJJGECAGBE5443322+++++ * 20
O - 23 #  w#w###POONIGFHINPRRONL JGEDBIBEA543322+++++ * 19
O - 245 ¢ HrrwesPRRMJGEHINQRRPOLJHEDBOB7E5433222++ s tuiiitiiitt ittt ittt ittt * 18
- 2.6 % w##s%*OPONIGFHIMPQQPNL JHFDBABTB5433222 444+, 1 v s eenaaannns * 17
O | 2,75 %  #%###*00NNIGFGIMPQQOMKIHECBOBTS5433224++ 444 . nnnnssnnnnsunns . * 16
> - 29 * Y Re Rk NOOMTGFGIMOPOONKIGECADBTSS4332224 4441 1t ta i aeae et anannesananansesanansns .. * 15
S 305 % MRk NNMTGEGTKNOONM I HEDCABTE58333224 44441 1 1 et ataaesesanansanenansnsnnanansnsnnns e * 14
- 3.2 #  Ty#***NNNLIFEFHJLMML JHGECBO776543322+++++ * 13
- 3,35 % QUX***LNOMJFEEGIJLKJHGECBOBTES432222444 . s uraranunnnnannnans .. e * 12
- 3.5 #  DRVX**MOOMJGEEFFHHHGEDCAD 554432234444 . ottt e s a e ae e a e et e e mmane ome o e * 11
~ 3.65 % MQSU**NOPNKGECDDEDCBAIBTEAAZ22Z4 4441 1 v vss st e s aen e e eeaeenanannns * 10
- 3.8 #  LORTYYLMNLHEBABBTE5553332 244+« 0o uereeennnnnanannnnn * 9
- 3.95 & * 8
- 4. * * 7
- 4,25 % * B
- 4|4 * * 5
- 4,55 % * 4
- 4|? * * 3
- 4,85 * * 2
- 5 * * ‘|
_ O 5 m —>  UND * * UND
. *10** 1 LR 22 S S R R R RS R R s R R R R R s s R R R R R R S R R R R R R R R R R R R R R R RSt R R R R R R R R
LOW-EDGE 10 11111111111111111111222222222222322222223333333333333333333344444444444444444444
1 112233445566778853900112233445566778899001122334455667788930011223344556677889900112233445566778899
0  0505050505050505050505050505050505050505050505050505050505050505050505050505050505050505050505050505
* I 253.2831
* ENTRIES = 3709205 PLOT  —mmmmmem- j USRS
* SATURATION AT= INFINITY I 206191 2.009
* SCALE .,+,2,3,.,., A,B, STATISTICS  —-----m - ) S T--mmmmmme
* STEP = 1.00 * MINIMUM=00.00 I 255.6811

Time at 5.5 m, ms



15 x 15 files from Richard Wagner, September 3, 2022, with Luca’s design of 40x24 cm2 LD2
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Richard file from Sept 03,2022 for 15x15 cm?2 side of moderator
events totand in LBP 9257268 9257268 with no LBP cut
total weight, within LBP, and low 8.17385167E-02 mms 4.52227704E-02

events tot and in LBP 9257268 7369859
total weight, within LBP, and low 8.17385167E-02 6.34839758E-02 3.53177823E-02



Lowell’'s BM Intensity Measurement — Run 24902

« BM average count rate ~28,500
- Assume 5% loss due to decgd time
— Yields approximately 9.96 x 108 neutrons/second

« Gold Foll Activation intensity value determination still pending
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UPDATE: New McStas Simulation Run
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I substantial.
suide? Exit: 3.024e-5 e et

Sample Position

yample Posifion: 3.014e-5

W Intensity Measurement

.owell BM 9.93 x 108 neutrons/second
Au Foil 7.4 x 108 neutrons/second

Stas Intensities

Suide?2 Exit: 2.29x1010 25 5.0 75 10.0 125 15.0 175 20.0
. . Neutron Wavelength [Angstrom]
sample (2cm dia. Aperture): 3.78x107

yminal Factor of 4 discrepancy between simulation and measurement.
es this matter? Do we tfrust idealized simulations or measured values?
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