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Conventional Moderator 

European Spallation Source ESS AB Lund SE 

TSDU BASELINE 2011 DECEMBER 
EDMS No 1166507 (extracts from Tables 1-3) 



12 m X 12 m 3 m X 3 m 0.4 m X 0.4 m 

12 m X 12 m 3 m X 3 m 0.8 m X 0.8 m 

PBW 

Target Wheel 

MR Plug 

Hydrogen Moderator 

Water Moderator 

Beam Extraction System 

TARGET STATION MONOLITH 
MCNP/PHITS neutronic model 2013-03-18 

European Spallation Source ESS AB Lund SE 
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SPECTRAL BRIGHTNESS 
Time-average brightness vs wavelength 
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European Spallation Source ESS AB Lund SE 

BRIGHTNESS LETHARGY DISTRIBUTION 
Time-average brightness vs energy 
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1 PDU = 0.7x10-3 n-cm-2-sr-1-p-1 = 1.75x1012 n-cm-2-s-1-sr-1-MW-1 

European Spallation Source ESS AB Lund SE 

INTEGRAL BRIGHTNESS 
Time-average brightness vs beamport position 
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Maximum is 2 times higher 

European Spallation Source ESS AB Lund SE 

UNPERTURBED BRIGHTNESS 
Map of cold brightness < 5 meV | Ref:. NIMA 729 (2013) 500-505 
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MFP of liquid para-H2 

Feed from premoderator 

Spectrum averaged σTotal = 15 barn –> MFP = 1.5 cm  
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WHY FLAT MODERATOR WORKS 
1.5 cm of liquid para-H2 is enough to moderate neutrons 



View from above 
Proton beam comes from the left 

View in proton beam direction 
Proton beam comes from behind 

Cold Brightness < 5 meV = 1.0 PDU 
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SIMPLIFIED BASELINE MR PLUG 
Hydrogen moderator: 13 cm height X 16 cm diameter | Emission surface: 12 cm height X 12 cm arcwidth 



View from above 
Proton beam comes from the left 

View in proton beam direction 
Proton beam comes from behind 

Cold Brightness < 5 meV = 3.2 PDU 

European Spallation Source ESS AB Lund SE 

FLAT MODERATOR 
Hydrogen moderator: 1.5 cm height X 16 cm diameter | Emission surface: 1.5 cm height X 12 cm arcwidth 



View from above 
Proton beam comes from the left 

View in proton beam direction 
Proton beam comes from behind 

Cold Brightness < 5 meV = 3.0 PDU 

European Spallation Source ESS AB Lund SE 

FLAT MODERATOR + ONE 120 OPENING 
Hydrogen moderator: 1.5 cm height X 16 cm diameter | Emission surface: 1.5 cm height X 20 cm arcwidth 



View from above 
Proton beam comes from the left 

View in proton beam direction 
Proton beam comes from behind 

Cold Brightness < 5 meV = 2.8 PDU 

European Spallation Source ESS AB Lund SE 

FLAT MODERATOR + TWO 120 OPENINGS 
Hydrogen moderator: 1.5 cm height X 16 cm diameter | Emission surface: 1.5 cm height X 20 cm arcwidth 



C ============================================================================== 
C THE_G80001 – MINIMUM GAP BETWEEN TARGET AND PREMODERATOR: 3 CM 
C THE_G80002 - TARGET HORIZONTAL OFFSET: 15 CM 
C ------------------------------------------------------------------------------ 
C THE_G80003 - HEIGHT OF CRYOMODERATOR HYDROGEN CONTENT: 1.5 CM 
C THE_G80004 - DIAMETER OF CRYOMODERATOR HYDROGEN CONTENT: 24 CM 
C THE_G80005 - THICKNESS OF CRYOMODERATOR CONTAINMENT: 0.3 CM 
C THE_G80006 - VACUUM GAP BETWEEN CRYOMODERATOR AND PREMODERATOR: 0.5 CM 
C ------------------------------------------------------------------------------ 
C THE_G80007 - THICKNESS OF PREMODERATOR BOTTOM LAYER: 3 CM 
C THE_G80008 - THICKNESS OF PREMODERATOR TOP LAYER: 1 CM 
C THE_G80009 - THICKNESS OF PREMODERATOR RADIAL LAYER: 1 CM 
C THE_G80010 - THICKNESS OF THERMAL MODERATOR WINGS: 2 CM 
C THE_G80011 - THICKNESS OF MR PLUG CONTAINMENT: 0.5 CM 
C THE_G80012 – THICKNESS OF REFLECTOR TOP LAYER: 20 CM 
C THE_G80013 - THICKNESS OF REFLECTOR RADIAL LAYER: 20 CM 
C ------------------------------------------------------------------------------ 
C THE_G80014 - HEIGHT OF EMISSION SURFACE: 1.5 CM 
C THE_G80015 - ARCWIDTH OF EMISSION SURFACE: 28 CM 
C THE_G80016 - THICKNESS OF EMISSION SURFACE WINDOW: 0.2 CM 
C THE_G80017 - HEIGHT OF OPENING AT NEUTRON GUIDE TIP: 12 CM 
C THE_G80018 - ANGULAR SIZE OF OPENING: 120 DEGREE 
C THE_G80019 - ORIENTATION OF OPENING WITH RESPECT TO PROTON BEAM: 90 DEGREE 
C ============================================================================== 

FIXED TENTATIVELY 

VARIED 

FIXED BY ENGINEERING 

European Spallation Source ESS AB Lund SE 

PARAMETERIZED MCNP INPUTDECK 
Extract from P-STUDY block 



View from above 
Proton beam comes from the left 

View in proton beam direction 
Proton beam comes from behind 

Cold Brightness < 5 meV = 3.4 PDU 

European Spallation Source ESS AB Lund SE 

FLAT MODERATOR FIRST OPTIMIZATION ROUND 
Hydrogen moderator: 1.5 cm height X 24 cm diameter | Emission surface: 1.5 cm height X 28 cm arcwidth 
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SPECTRAL BRIGHTNESS 
Time-average brightness vs wavelength 
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FLAT-TO-BASELINE RATIO 
Time-average brightness ratio vs wavelength 
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European Spallation Source ESS AB Lund SE 

BRIGHTNESS LETHARGY DISTRIBUTION 
Time-average brightness vs energy 



10µ 10m 10 10k 10M 10G
0.00

1.50

3.00

4.50

6.00

Br
ig

ht
ne

ss
 R

at
io

 [1
]

Energy [eV]

Cold 

Thermal 

European Spallation Source ESS AB Lund SE 

FLAT-TO-BASELINE RATIO 
Time-average brightness ratio vs energy 
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INTEGRAL BRIGHTNESS 
Time-average brightness vs beamport position 
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FURTHER WAYS TO IMPROVE PERFORMANCE 
Brightness can be increased further by going to below 1 cm moderator height 



European Spallation Source ESS AB Lund SE 

CONCLUSIONS 

Representative model of MR plug with a flat moderator is introduced 
First optimization round is done 

Thermal brightness exhibits up to 100% increase 
High energy background is 1.5-2.0 times higher than that of baseline 

Cold brightness is more than 3 times higher than that of baseline 
There is more than factor of 5 increase in 10-20 meV region 

Prompt heating of 1 flat cryomoderator is 5.4 kW down from 10 kW 
Prompt heating in MR plug is 250 kW up from 170 kW 

There is no need to have more than 1 flat moderator 
1 flat moderator can serve up to 360 degree extraction range 

Brightness can be increased further by going to ultra-thin moderators 
Cold brightness < 5 meV is up to more than 4 times higher than that of baseline 


