Hybrid spectrometer (HYSPEC)

Coupled Hydrogen moderator 12cm by 12cm

Distance from moderator to sample = 21.8m

All guides are coated with 3-theta-c supermirror

Guides G2A and G2B are segmented guides, with an offset of 8cm at T2

Distance between collimator and sample is 40cm

Vertical mosaic = 0.4(, Horizontal mosaic = 1.0(
	Element
	Distance from moderator (m)
	Length (m)

	Guide G1
	1.5
	5.0

	T0 chopper
	6.5
	0.15

	G2, curved guide
	6.65
	11.0

	Chopper T3
	17.7
	0.1

	Guide G3A
	17.75
	2.0

	Chopper T2
	19.8
	0.1

	Detector D1
	19.85
	

	PG crystal
	20.0
	

	Detector D3
	20.14
	

	Guide G3B
	20.15
	1.1

	Collimator (vertical)
	21.25
	0.15

	Slit
	21.4
	0.001

	Sample
	21.8
	


Multi-chopper Straight through model (MCST)

Guides G2A and G2B are segmented guides, with an offset of 8cm at T2,10cm at sample

Guides G3A and G3B are converging guides

	Element
	Distance from moderator (m)
	Length (m)

	Guide G1
	1.5
	5.0

	T0 chopper
	6.5
	0.2

	Guide G2A (segmented)
	6.7
	4.0

	Chopper T1
	10.75
	0.1

	Guide G2B (segmented)
	10.8
	7.0

	Chopper T3
	17.85
	0.1

	Guide G3A
	17.9
	2.0

	Chopper T2
	19.95
	

	Guide G3B
	20.0
	1.25

	Collimator
	21.25
	0.15

	Sample
	21.8
	


Description of various models

Coupled Hydrogen moderator 12cm by 12cm

Distance from moderator to sample = 21.8m

All guides are 4cm wide and coated with 3-theta-c supermirror

Guides G2A and G2B are segmented guides, with an offset of 8cm at T2

Distance between collimator and sample is 40cm

Vertical mosaic = 0.4(, Horizontal mosaic = 1.0(
	
	HYBRID MODEL


	MCST MODEL

	8cm
	G1: 8cm high

G2: 8cm high

G3A: 8cm   

G3B: 13.0(5.6cm 
	G1: 8cm

G2A = G2B : 8cm

G3A+G3B: 8(2.8cm

	12cm
	G1: 12cm

G2: 12cm

G3A: 12cm 

G3B: 18.0(10.0cm
	G1: 12cm

G2A=G2B: 12cm

G3A+G3B: 12.0(3.4cm

	15cm
	G1: 12.7(15.0cm

G2: 15.0 cm

G3A: 15.0(18.0cm

G3B: 25.0(10.0cm
	G1: 12.7(15.0cm

G2A=G2B: 15.0 cm

G3A+G3B: 15.0(3.8cm



	20cm
	G1: 13.8(20.0cm

G2: 20.0cm

G3A: 20.0cm

G3B: 25.0(10.0cm


	G1: 13.8(20.0cm

G2: 20.0cm

G3A+G3B: 20.0(4.6cm


Table 1.           Descriptions of files associated with a particular simulation:

	1.
	Filename.geo
	Simulation input file which contains the positions and parameters for all elements

	2. 
	Filename.mc
	Simulation results produced by MC_RUN



	3.  
	Filename.dat
	Output for the various detectors and monitors used in the simulation



	4. 
	Filenamed*.dat
	Output for detector * if it is separated out for further analysis



	5.
	Filename.mon
	A binary file which is generated to record all information about neutrons crossing a particular surface z=z1. It contains the neutron position (px,py), velocity (vx,vy,vz), and the neutron weight

	6.
	Filename.flux
	Output generated by Super4n from the .mon file. Used to calculate the integrated flux on any user-defined window (width dx, height dy) on the monitored surface.

Sper4n also generates the normalized** wavelength distribution.

	7. 
	Filename.lambda
	The normalized** wavelength distribution generated by Super4n



	8. 
	Filename0.flux
	Output generated by Super4en from the .mon file. Used to calculate the integrated flux in the user-defined energy range E1-E2.

Also generates the normalized** monochromator resolution function.

	9.      
	Filename.energy
	The normalized** monochromator resolution function.



	10.
	Filenamedf*.dat
	The normalized** energy resolution of the instrument generated using Readt from the time scan of the final detector Df

	11.
	Filenamedf*.out
	Extra information generated by Readt including the FWHM of the energy resolution and the integrated intensity of the final detector Df

	
	
	


** The wavelenth and energy distributions have been normalized by dividing the neutron intenisty by the source power required to run the simulation and multiplied by 2MW (for the 2MW SNS source).

The filenames are mostly pg# and pgn#. The pg filename is reserved for HYSPEC simulations, pgn for MCST(or no PG crystal) model. The # is given sequentially so there is no duplication of names.

Table 2.    The following simulations were done using the HYSPEC model described on page 1, for 15cm high supermirror (m=3) guides.

	Incident Energy
	Filename
	Kind of simulation
	Model details



	5meV
	Pg318
	Flux on sample
	Hyspec,pg002 reflection, Rc=2.0m

	
	Pg319
	Energy resolution
	Hyspec,pg002 reflection, Rc=2.0m

	
	Pgn288
	Flux on sample
	MCST, (min=1.5A, (max=8.5A

	
	Pgn289
	Energy resolution
	MCST, (min=1.5A, (max=8.5A

	
	
	
	

	15meV
	Pgn281
	Flux on sample
	MCST, (min=0.5A, (max=5.0A

	
	Pgn280
	Energy resolution
	MCST, (min=0.5A, (max=5.0A

	
	Pg305
	Flux on sample
	Hyspec,pg002 reflection, Rc=1.2m

	
	Pg304
	Energy resolution
	Hyspec,pg002 reflection, Rc=1.2m

	
	Pg334
	Flux on sample
	Hyspec,pg004 reflection, Rc=2.5m, no slots in collimator

	
	Pg310
	Energy resolution
	Hyspec,pg004 reflection, Rc=2.5m, no slots in collimator

	
	
	
	

	30meV
	Pgn291
	Flux on sample
	MCST, (min=0.75A, (max=3.375A

	
	Pgn293
	Energy resolution
	MCST, (min=0.75A, (max=3.375A

	
	Pg323
	Flux on sample
	Hyspec,pg002 reflection, Rc=0.9m

	
	Pg322
	Energy resolution
	Hyspec,pg002 reflection, Rc=0.9m

	
	Pg332
	Flux on sample
	Hyspec,pg004 reflection, Rc=1.8m, no slots in collimator

	
	Pg333
	Energy resolution
	Hyspec,pg004 reflection, Rc=1.8m, no slots in collimator

	
	
	
	

	60meV
	Pgn296
	Flux on sample
	MCST, (min=0.5A, (max=2.5A

	
	Pgn297
	Energy resolution
	MCST, (min=0.5A, (max=2.5A

	
	Pg326
	Flux on sample
	Hyspec,pg002 reflection, Rc=0.7m

	
	Pg327
	Energy resolution
	Hyspec,pg002 reflection, Rc=0.7m

	
	Pg351
	Flux on sample
	Hyspec,pg004 reflection, Rc=1.25m, no slots in collimator

	
	Pg349
	Energy resolution
	Hyspec,pg004 reflection, Rc=1.25m, no slots in collimator

	
	
	
	

	90meV
	Pgn306
	Flux on sample+
Energy resolution
	MCST, (min=0.3A, (max=2.0A

	
	Pg382
	Flux on sample+
Energy resolution
	Hyspec,pg002 reflection, Rc=0.5m,mono width=24cm

	
	Pg384
	Flux on sample+

Energy resolution
	Hyspec,pg004 reflection, Rc=1.0m, no slots in collimator

	
	Pg428
	Flux on sample+
Energy resolution
	Hyspec,pg002 reflection, Rc=0.5m, mono width=30cm


Flux on sample+   : The Va sample is a right cylinder of radius 1.0cm and height 2cm. It is placed at x=0,y=0,z=0 of the coordinate system used in the simulations. The flux on sample is obtained by placing a beam monitor (of thickness 1mm) at z=-1.2cm, and integrating the neutron flux on a window 2cm wide and 2cm high. In earlier simulations the sample was removed and a beam monitor was placed at 0,0,0. By monitoring the z=-1.2cm surface instead of the z=0 surface the flux on sample and the energy resolution can be obtained from the same simulation.

Table 3.          The following simulations were performed to study the impact of guide coatings on the HYSPEC performance.  The energy resolution and flux on sample were simulated for various energies using all supermirror m=2 guides.  

	Incident Energy


	Filename
	Model details

	5meV
	Pg389
	Hyspec,pg002 reflection, Rc=2.0m

	
	
	

	15meV
	Pg391
	Hyspec,pg002 reflection, Rc=1.2m

	
	
	

	30meV
	Pg392
	Hyspec,pg002 reflection, Rc=0.9m

	
	
	

	60meV
	Pg393
	Hyspec,pg002 reflection, Rc=0.7m

	
	
	

	90meV
	Pg388
	Hyspec,pg002 reflection, Rc=0.5m,mono width=24cm

	90meV
	Pg429
	Hyspec,pg002 reflection, Rc=0.5m,mono width=30cm


Table 4.
Some of the simulations listed in Table 3. were also performed for a L=25+1.8=26.8m instrument. The filenames are as follows:

	Incident Energy


	Filename
	Model details

	5meV,m=3,L=26.8
	Pg396
	Hyspec,pg002 reflection, Rc=2.0m

	
	
	

	15meV, m=3,L=26.8
	Pg395
	Hyspec,pg002 reflection, Rc=1.2m

	
	
	

	30meV, m=3,L=26.8
	Pg403
	Hyspec,pg002 reflection, Rc=0.9m

	
	
	

	60meV, m=3,L=26.8
	Pg404
	Hyspec,pg002 reflection, Rc=0.7m

	
	
	

	90meV, m=3,L=26.8
	Pg406
	Hyspec,pg002 reflection, Rc=0.5m, mono width = 24cm

	
	Pg432
	Hyspec,pg002 reflection, Rc=0.5m, mono width = 30cm

	
	
	

	5meV,m=2,L=26.8
	Pg398
	Hyspec,pg002 reflection, Rc=2.0m

	
	
	

	15meV,m=2,L=26.8
	Pg399
	Hyspec,pg002 reflection, Rc=1.2m

	
	
	

	30meV,m=2,L=26.8
	Pg400
	Hyspec,pg002 reflection, Rc=0.9m

	
	
	

	60meV,m=2,L=26.8
	Pg405
	Hyspec,pg002 reflection, Rc=0.7m

	
	
	

	90meV,m=2,L=26.8
	Pg433
	Hyspec,pg002 reflection, Rc=0.5m, mono width = 30cm


Table 5.    The following simulations were performed to study the impact of guide curvature on HYSPEC performance. The moderator sample distance was 26.8m, the guide coating was supermirror m=3, and the pg002 reflections were used in the simulations. The total bend angle of the guide was adjusted to get an offset of 12cm at the monochromator. Simulations were also done with straight guides.
	Incident Energy


	Filename
	Model details

	5meV,m=3,L=26.8
	Pg410
	Hyspec,pg002 reflection, Rc=2.0m, Offset at PG = 0.0

	


	Pg411
	Offset=12.0cm


	15meV, m=3,L=26.8
	Pg440
	Hyspec,pg002 reflection, Rc=1.2m, Offset at PG = 0.0

	
	Pg439

	Offset=12.0cm

	30meV, m=3,L=26.8
	Pg445
	Hyspec,pg002 reflection, Rc=0.9m, Offset at PG = 0.0

	
	Pg444

	Offset at PG = 12.0cm

	60meV, m=3,L=26.8
	Pg448
	Hyspec,pg002 reflection, Rc=0.7m, Offset at PG = 0.0

	
	Pg449

	Offset at PG = 12.0cm

	90meV, m=3,L=26.8
	Pg450
	Hyspec, pg002 reflection, Rc=0.5m, mono width = 30cm

Offset at PG = 0.0cm

	
	Pg451
	Hyspec, pg002 reflection, Rc=0.5m, mono width = 30cm, 

Offset at PG = 12.0cm


Table 6.

Simulations to study the effect of guide height on the neutron flux at the sample position. The moderator-sample distance was 21.8m, the guide width was 4.0cm, guide coating was 3-theta-c supermirror, the offset from the line-of-sight of the moderator was 8.0cm at 20m.
These simulations were performed for 15meV neutrons only.

	Height of guide G2

         (cm)
	Filename
	Model details


	Flux on sample

    (107 n/s)

	8.0
	Pg306
	Hyspec,pg002 reflection, Rc=1.2m
	5.2

	


	Pgn282
	MCST
	5.9

	
	
	
	

	12.0
	Pg308
	Hyspec,pg002 reflection, Rc=1.2m
	7.9

	
	Pgn284
	MCST
	6.8

	
	
	
	

	15.0
	Pg305
	Hyspec,pg002 reflection, Rc=1.2m
	10.9

	
	Pgn288
	MCST
	7.4

	
	
	
	

	20.0
	Pg309
	Hyspec,pg002 reflection, Rc=1.2m
	12.0

	
	Pgn285
	MCST
	4.5


Table 7: List of simulations performed to optimize the height of the expander G3B for height(G2) = 15cm.
	Height of expander G3B: (cm)
	Filename
	           Model details
	Flux on sample

(107 n/s)



	15→15
	Pg290
	Hyspec,pg002 reflection, Rc=1.2m


	11.84

	15→16
	Pg293
	Hyspec,pg002 reflection, Rc=1.2m


	12.40

	15→17
	Pg291
	Hyspec,pg002 reflection, Rc=1.2m


	12.84

	15→18
	Pg292
	Hyspec,pg002 reflection, Rc=1.2m


	13.00

	15→19
	Pg294
	Hyspec,pg002 reflection, Rc=1.2m


	12.44

	15→20
	Pg289
	Hyspec,pg002 reflection, Rc=1.2m


	12.00


Table 8. MC simulation results for the comparison of HYSPEC and MCST at various energies.  Flux on sample (1) is the neutron flux (n/s) on a 2cm x 2cm sample summed over all energies reflected by the monochromator. Flux on sample (2) is the neutron flux on the same sample but the energy range used in the summation is limited to ∆E=full width at half maximum of the energy resolution of the instrument. 
	Incident energy(meV)
	Filename
	Model Details
	Flux on sample(1)
	Flux on sample(2)
	∆E(meV)
	∆E/E

	5.0
	Pgn288,pgn289
	MCST
	5.2 E7
	4.2 E7
	0.24
	5.0%

	
	Pg318,pg319
	Hyspec,002
	4.4 E7
	4.0 E7
	0.2
	4.0%

	
	
	
	
	
	
	

	15.0
	Pgn280,pgn281
	MCST
	7.4 E7
	6.0 E7
	1.1
	7.2%

	
	Pg304,pg305
	Hyspec,002
	10.8 E7
	9.88E7
	1.0
	6.6%

	
	Pg334,pg310
	Hyspec,004
	6.2 R7
	6.1 E7
	0.9
	6.0%

	
	
	
	
	
	
	

	30.0
	Pgn291,pgn293
	MCST
	2.0 E7
	1.56 E7
	3.1
	10.3%

	
	Pg323,pg322
	Hyspec,002
	5.32 E7
	5.1 E7
	2.8
	9.3%

	
	Pg332,pg333
	Hyspec,004
	3.3 E7
	3.2 E7
	2.5
	8.3%

	
	
	
	
	
	
	

	60.0
	Pgn296,pgn297
	MCST
	1.0 E7
	0.89 E7
	9.0
	15.0%

	
	Pg326,pg327
	Hyspec,002
	4.2 E7
	4.2 E7
	8.2
	13.7%

	
	Pg351,pg349
	Hyspec,004
	3.2 E7
	3.2 E7
	6.7
	11.2%

	
	
	
	
	
	
	

	90.0
	Pg306
	MCST
	0.63 E7
	0.59 E7
	16.0
	17.8%

	
	Pg382(24cm)
	Hyspec,002
	3.4 E7
	3.3 E7
	15.3
	17.0%

	
	Pg428(30cm)
	Hyspec,002
	2.7 E7
	2.6 E7
	15.3
	17.0%

	
	Pg384(24cm)
	Hyspec,004
	1.0 E7
	0.97E7
	14.4
	16.0%


Table 9.    Results for HYSPEC pg002 reflection for moderator-sample distance L=21.8m, L=26.8m, and guide coatings supermirror m=3, and m=2.
	Incident energy(meV)
	Filename
	Model Details
	Flux on sample(1)
	Flux on sample(2)
	∆E(meV)
	∆E/E

	5meV
	Pg318,pg319
	L=21.8,m=3
	4.4 E7
	4.0 E7
	0.2
	4.0%

	
	Pg389
	L=21.8,m=2
	4.1 E7
	
	0.2
	

	
	Pg396
	L=26.8,m=3
	4.1 E7
	
	0.2
	

	
	Pg398
	L=26.8,m=2
	3.9 E7
	
	0.2
	

	
	
	
	
	
	
	

	15meV
	Pg304,pg305
	L=21.8,m=3
	10.88 E7
	9.88 E7
	1.0
	6.0%

	
	Pg391
	L=21.8,m=2
	9.0 E7
	
	0.9
	

	
	Pg395
	L=26.8,m=3
	9.7 E7
	
	1.0
	

	
	Pg399
	L=26.8,m=2
	8.3 E7
	
	0.9
	

	
	
	
	
	
	
	

	30meV
	Pg322,pg323
	L=21.8,m=3
	5.3 E7
	5.1 E7
	2.8
	9.3%

	
	Pg392
	L=21.8,m=2
	3.9 E7
	
	2.8
	

	
	Pg403
	L=26.8,m=3
	5.0 E7
	
	2.8
	

	
	Pg400
	L=26.8,m=2
	3.8 E7
	
	2.7
	

	
	
	
	
	
	
	

	60meV
	Pg326,pg327
	L=21.8,m=3
	4.2 E7
	4.1 E7
	8.2
	13.7%

	
	Pg393
	L=21.8,m=2
	2.5 E7
	
	8.0
	13.3%

	
	Pg404
	L=26.8,m=3
	4.0E7
	
	8.2
	

	
	Pg405
	L=26.8,m=2
	2.3 E7
	
	8.0
	

	
	
	
	
	
	
	

	90meV
	Pg428
	L=21.8,m=3
	2.7 E7
	2.6 E7
	15.3
	17.0%

	
	Pg429
	L=21.8,m=2
	2.4 E7
	
	15.0
	

	
	Pg432
	L=26.8,m=3
	2.9 E7
	
	14.9
	

	
	Pg433
	L=26.8,m=2
	1.2 E7
	
	14.8
	


Table10.       Effect of guide curvature on the flux at the sample position for the pg002 reflection. The moderator-sample distance was 26.8m, the guide coating was supermirror m=3.

	Incident Energy (meV)
	Filename
	Offset at 20m

(cm)
	Flux on sample(1)

(107 n/s)

	5.0
	Pg410
	0.0
	4.1

	
	Pg318
	8.0  
	4.1

	
	Pg411
	12.0
	4.1

	
	
	
	

	15.0
	Pg440
	0.0
	9.8

	
	Pg305
	8.0
	9.7

	
	Pg411
	12.0
	9.7

	
	
	
	

	30.0
	Pg445
	0.0
	5.0

	
	Pg323
	8.0
	5.0

	
	Pg444
	12.0
	4.9

	
	
	
	

	60.0
	Pg448
	0.0
	4.2

	
	Pg326
	8.0
	4.0

	
	Pg449
	12.0
	3.8

	
	
	
	

	90.0
	Pg450
	0.0
	3.2

	
	Pg428
	8.0
	2.9

	
	Pg451
	12.0
	2.5


Summary of Monte Carlo Simulations performed using NISP

               Updated: March 21, 2002.

I. The NISP Monte Carlo simulations show that HYSPEC is superior to the MCST by explicit comparisons of the neutron flux at the sample position and the energy resolution of the instruments for incident energies of 5, 15, 30, 60, and 90 meV. See Table 8.
II. The energy resolution of HYSPEC can be improved by using the pg004 reflection. The neutron flux at the sample position is reduced. The following have been calculated, plotted and compared for the different energies for the MCST and HYSPEC using both the pg002 and the pg004 reflections (see Table 8):

1. The flux on a 2cm by 2cm area at the sample position,

2. The energy resolution of the spectrometer,

3. The wavelength distribution at the sample position, and

4. The energy distribution at the sample position.

III. The impact of several parameters on HYSPEC performance has been explored for the pg002 reflection. These parameters include;

1. Guide height – flux on sample has been calculated for G2 height = 8, 12, 15, 20 cm. For HYSPEC the flux on sample increases as guide height is increased. See Table 6.
2. Height of the second expander (G3B). See Table 7.

3. Moderator –sample distance was increased from 21.8m to 26.8m. The flux on sample decreased, the energy resolution improved slightly. See Table 9.
4. Guide coating was changed from supermirror m=3 to m=2. The flux on sample decreased and the energy resolution improved. See Table 9.

5. Guide curvature was changed to get an offset at 25m of 0, 8, or 12cm. The decrease in flux on sample for larger offsets is minimal at this moderator-sample distance. See Table 10.
6. The impact of starting the guide system at 2m instead of 1.5m is a decrease in flux on sample of about 10%.

7. Impact of tilting the moderator with respect to the guide axis is very small as the moderator width is 2.5 times the guide width. 

IV     Future Plans

1. MCSTAS-NISP comparison – Resolution of differences.

2. Optimization of the final HYSPEC design

3. Development of a rotating collimator (modified Fermi chopper) algorithm.

4. Study the Q resolution of the instrument

5. Polarization analysis

6. Shielding calculations
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