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iv) Reaction rates in the curved portion of the ecylindrical shell

The volume element is d31.r = 2-TC-R-t-dz
where t is the thickness of the shell.

The reaction rate is
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from equ. (10) where of= R/Z. We wish to evaluate (22) for
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iv) Summary of Heat Inputs

The various contributions to the heating of the liguid Helium vessel
discussed above are:

Fast neutrons 1.4 mW
neutron capture in Be 1.7 mW n

vAly Ty eer ?":rlfl":ﬁf
neutron capture in Bi filter 3.5 miW w ot OAY

pulbpet E56ame

neutron capture in Dzﬂ

(with 17 cm Pb shield 9.0 mW (*7)
on sides)
Fast protons 100.0 mo

total 116.0 mW

* these contributions are proportional to the thermal flux coming
through the Bismuth filter and are hence proportional to the UCN
production rate.

+ many mW thermal radiation along UCN extraction guide
(studied in our present “ex-pile” project)



PNPI source project
(Serebrov et al.) Premise: cooling power @ 1.2 K

©=3.2:10"2 n/(cm?s)

He T=1.2K do/di(7.=9 A)=3.2:10"° n/(cm?3sA)
y Que=6 W "
C T=20K
Bi T=300 K B
Al Qu=13 W
C, Qe=750 W
Bi, Qpy=16 KW

—_—
P

®=10" n/(cm?s)
Q=16 MW



SNQ in-pile UCN source study (Golub/B6ning/Weber)

190 mW on He-ll bath + tank (21 1)
I=0.8K —> 7=300s
P =1340 cm3s, p,cn =4%10°cm™ (with cold source)

PNPI in-pile source project (Serebrov et al.)

19 W on He-Il bath + tank (35 I)
I'=12K - 7=20s
P =2900 cm3s? (108stin total), pcy = 5-8x10%cm™

Ex-pile, state-of-the-art cold neutron beam transport (m=2):

7<0.7K = 7=“many 100 s”
P <30 cm3s?, pyoy = 104 cm3



Short history of our “ex-pile”
helium UCN source development



Prototype converter (TU Munich >2003)

PRL 99 (2007) 104801, EPJ C 67 (2010) 589

First successfull extraction of UCN
accumulated in superfluid helium
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...installed at the research reactor FRM Il in Munich (2006)
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technical detail... superleak to filter *He

compressed Al,O, powder (50 nm)



...move to Grenoble and upgrade (— SUN-1)

BeO ceramics (260 neV)
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...several months of fighting against leaks...




UCN count rate (s™)

. but finally:
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UCN count rate (/s)

Cyclic operation of the source
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SUN-2 modular, high cooling power cryostat,
...first test @ white cold beam PF1b (2011)







Preparation of converter vessel

e Be-coated UCN vessel

e volume: 4 | (upgradable)
e Be entrance/exit windows
e choosable UCN extraction hole size



Schematics of converter vessel

0.2mm Al foil 2x 0.2mm Al foil + 2x 0.2mm Al foil + 80x80

(isolation vacuum)  90x90 boral aperture borated stycast aperture
(2nd stage screen) (2nd stage screen)

Imm Be back window
(production volume)

80x80 horal aperture
+ 0.2mm Al foil

(1solation vacuum)

Imm Be front window
(production volume)

0.5mm Al back window

2% 0.2mm Al foil + (containment vessel)

90x90 boral aperture
(1st stage screen)

0.5mm Al front window '
(containment vessel)

9% 0.2mm Al foil

(1st stage screen)



UCN detector counts [s_l]

UCN extraction from open converter
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Highest UCN output with open converter:
6000 UCN/s through 2cm? hole @ 1.08K



UCN accumulation experiments
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November 2012
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..last night before the reactor shutdown (8/12/2012):
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New result on UCN production

UCN count rate (s™)
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Ex-pile opportunity: magnetic UCN reflector

UCN extraction guide

Superfluid “He converter Qzutron beam
w #ﬁ
Current bars of UCN valve

multipole magnet Beam window

30007 - - - cubic C,N, (391 neV), o i
e ... *weakdependence of p,cy on wall quality
e e * in-situ UCN polarizer
oo ] f * Enhancement of UCN spectrum possible
v."fg 1
1500 Zimmer & Golub, arXiv:1303.1944
1000{

500.] — ILL Endurance project

0 1 ? * s SuperSUN



Use of pulse structure of beam?

...maybe possible ex-pile:

* mean free path of 0.89 nm neutrons in He-ll (1.25K): /=17 m

pulse plateau length: t=2.2 ms, neutron velocity: v =450 ms

— vt=1m — one pulse fitsin a 0.5 m long 0.89 nm resonator

time between pulses: T=0.07s
time for 1/e decrease of 0.89 nm neutrons in He-ll: T<//v=0.037s

— every pulse can be used

neutron guide \ / detector
~
n —>ﬂ — storet@utrons > n —
g
.'.but:
/ AN ™~ Si perfect
need it for 1.0283 — 1.0543 meV NMR magnet single crystal

. o & spin-flipper
— magnetic resonance filling doesn’t work

VESTA:
Storage apparatus for 0.627 nm
(lattice spacing gradient, switchable) (Jericha, Rauch et al.)

— suitable crystal to be found



Ex-pile UCN source:

+ no need for far transport of UCN

needs less powerful cryogenics

+ easy access to source for
 study of converters and UCN extraction schemes
* trouble shooting

+ space for bulky reflectors (magnetic or diffusive)

+ progress in guide technology — more UCN

— cold neutron flux by a factor 100 lower than in-pile
— UCN current lower by same factor
— UCN density lower by factor 10 — 50

<+

— ex-pile source is at least a good precursor of an in-pile source
— in-pile source might be best choice for high UCN flux experiments



Potential opportunities for ESS:

* huge feeding guide for ex-pile UCN source
e optimization of cold beam spectrum with colder pre-moderator
* design of optimized in-pile UCN source
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Heat deposition in the target monolith

Luca Zanini

Heatload density averaged over azimuth angle [W/cm3]
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