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What is Nuclear Spallation?

evaporatlon
Spallation intranuclear cascade
(>1 GeV)
target nucleus
proton/ alpha
article
high-energy deuteron neutron P
neutron
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Our Experiment

Materials: Tungsten and Copper
Beam Properties: [, 5, 10 GeV both positive and negative beams
Dimensions:
- Tungsten: I5 cm diameter, lengths of 18, 36 and 60 cm
- Copper: 7.5 cm diameter, length of 31.5 cm [ 6.5 cm dimeter, 21 cm diameter




Experimental Setup

End of the zone
NENDI




Our Experimental Area




WENDI Detectors

WENDIO WENDI1

Downstream




A B c D E F G H ' g K

1 DATE Run Number arget Materia nergy Levels  WENDIO position  VENDH positior  [ENDIO Coun — /ENDI Coun  WENDIO 10 spill - WENDI1 10 spill
13109 3w 10 (-4.5,6.8) (-8.4,293) 61228 28759 13k/10 5Kk/10 89987
( J 3 13109 3w 10 (4.56.7) (-9.6.27.8) 671433 100326 18K/10 26K/10 771759
4 13109 3w 10 (456.7) (-9.6.27.8) 82436 13150 15K/10 26K/10 95586
5 13/09 3w 10 (-4.5,6.7) (-9.6.27.8) 7433 1213 2k/10 25010 8646
5 1309 w 1 (-4.5,6.7) (-9.6,27.8) 646 174 58/10 1610 820
7 14.09 3w Kl 4567cm???  9627.8cm?? 600 120 2066 1006 720
s 1409 3w 5 456Tcm?7?  -96278cm?? 222422 34794 500 events per spill ~70 events per spil 257216
9 14.09 3w 5 4567cm?7?  9.627.8cm?? 18032 3401 250 events per spill ~40 events per spil 21433
10 1409 3w 10 center of the tungstecenter of the tungste 32077 37276 ~10000/7 ~1000077 69353
e o n u ‘ e " 1409 3w 1 center of the tungstecenter of the tungste 514 658 1800 events per spil 1900 events per spil 172
12 15.09 3w 1 (13,55.0) (13550 1236 1403 40111 50710 2639
13 15.09 7 3w 10 (15.0.0) (-15,0.0) 73625 66569 16k/10 20K/14 140194
14 15.09 3w 10 (15.0.0) (-15,0.0) 6360 5942 190010 1800110 12302
15 15.09 3w 5 (15.0,0) (-15,0,0) 18693 17088 5200110 4700110 35781
18 15.09 ity 3w 5 (15.0.0) (-15,0.0) 9908 9127 2200110 2000/10 19035
o 7 15.09 RIRAE 3w 1 (15.0.0) (-15,0.0) 601 563 4010 4210 1164
= 6"‘ EXperImenfS 18 15.09 3w 4 (15.0,0) (-15,0,0) 370 382 52110 56/10 752
19 16109 ALL ALUMINUM
. . ) 6WLER
- I 9 2 Slm U|C|‘|'|0nS 21 17109 1758103751 6w 10 (12,55.0) (2455,0) 6268 14197 107510 2.2Ki10 20465
2 17109 1758105723 6w 10 (12,55,0) (-2455,0) 26040 57868 12k/10 27K10 83908
el 17109 1758106243 6w 5 (12,55.0) (2455.0) 26430 60878 4000110 9000/10 87308
2 17109 1758113776 6w 5 (12,55.0) (2455.0) 4955 11526 150010 16481
2 17109 1758114783 6w 1 (12,55,0) (-2455,0) 536 1078 16010 4THO 1614
2 17109 6w Kl (12550) (24550 515 113 16710 4710 1628
27 09.2025 BU YAN 6w 10 (1555.11.5) (10.9.55,22.9) 1513 25
2 18109 1758169482 6w 10 (1555,11.5) (10.9,55,22.9) 99966 56875 33K/10 18K/10 156841
29 18/09 1758170287 oW 10 (7555,11.5) (10.9,55,22.9) 18685 10621 4k10 2.2K10 29306
E) 18109 1T581T1331 6w 5 (1555.11.5) (10.9,55,22.9) 42979 23769 12k10 5.3k/10 66748
3 18109 1758172372 6w 5 555,115) (10.9,55,22.9) 16493 9235 4KI10 22k/10 h 25728
32 18/09 1758174315 6w il (2552)P5 (2.55,2)P5 1562 1773 55110 60/10 3335
S 18/09 1758183928 (2.55,7) P5 (2.55,7) P5 1016 1122 4010 3910
3 1758189995
35 18109 1758192624 (2.55,2)P5 (2.55.2)P5 8501 19108 1255/10 2820110
36 18109 1758194374 6w 10 (7.5.5.7)P5 (2552)P5 370 382 12k/10 21k10 ) 752
37 10WLER
] 19109 10w 1 (8,55, 345)P5 (11655115 P§ 1294 1530 5010 55010 2824
39 19109 158271449 10w 10 (8.55 345)P5  (11655-115)P5 142066 231656 1450010 22k110 373722
w0 19109 5827358 10W -10 (8,55,345)P5  (116,55-115)P5 9809 15942 175010 3k/10 25751
4 19109 1 10W 5 (8,55,345)P5  (11655-115)P5 19564 41874 3500110 7500110 61438
£ 19109 1758277433 10w 5 (8,55 345)P5  (11655-115)P5 16916 36832 1500110 3250110 53748
4 19109 BT 10w = (8.55 345)P5  (116,55.-115)P5 1011 197 3810 5210 2208
4+ 19/09 10w A (7555115P4  (11.65522)P4 1010 1079 5010 54110 2089
4 19109 10w 10 (T555115)P4  (11.65522)Pd 229166 193397 32K10 30K10 422563
4 19109 10w 10 (155511.5P4  (11.65522)P4 8273 7060 3.8K/10 3.4K/10 15333
4 19109 10w 5 (1555115P4  (11.65522)P4 11479 10978 3600/10 3535/10 22457
4 19109 10w 5 (7555115P4  (11.65522)P4 36825 35108 9k/10 8.5Kk10 71933
4 19109 10w 1 (T555115)P4  (11.65522)Pd 1747 1809 60710 65/10 3556
50 19109 10w 1 (1555T3)P6  (1225522) P4 933 1075 32110 45010 ] 2008
51 19109 10w Kl (1555T3)P6  (1225522)P4 6236 7043 60710 ~60/10 h 13284
52 20109 10w 10 (15557T3)P6  (1225522)P4 7602 39955 580/10 2800110 47557
) 20109 10w 10 (1555T3)P6  (1225522)P4 31401 161830 410010 22000110 193281
¢ 20109 10w 5 (155573)P6  (1225522) P4 6202 35385 1000110 6000/10 41557

55 20/09 1ow -5 (715557 3)P6 (1225522) P4 4587 26380 450/10 240010 30967

N
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Data Analysis

Table 6: Measured beam composition, positive particles. Data denoted with * from lead-glass calorimeter, ** from ToF, Table 7: Measured beam composition, negative particles. Data denoted with * from lead-glass calorimeter and ##* from
and #** from fixed-point XCET. Remaining points from XCET scan. fixed-point XCET. Remaining points from XCET scan.
p(GeVje) et it at K* P p (GeV/c) e I’y n” K-
0.5 0.959 + 0.004 0.5 0.973 + 0.001
1.0 (1.806 + 0.003 0.044 + 0.008%*
L5 0.574 + 0.001 | 0.018 £ 0.007 | 0.257 +0.012 12 g'gg; * 3331 g'gig * g%g 0230 + 0.010
20 0.392£0.001 | 0.021 £0.005 | 0.395 £ 0.019 0.209  0.006** : 063 £ 1, A0 -2ou: U
2.5 0.265+0.001 | 0.024%0004 | 0510£0019 2.0 0.491 +0.001 | 0.028 £0.005 |  0.428 = 0.022
3.0 0.180 £ 0.001 | 0.021 £0.003 | 0.569 +0.013 25 0.375 £ 0.001 | 0.034 +£0.003 0.570 + 0.008
35 0.126 = 0.001 | 0.022 £ 0.002 0.606 + 0.031 3.0 0.290 +£ 0.002 | 0.035 £ 0.003 0.645 £ 0.018
4.0 0.085 = 0.003 | 0.023 = 0.003 0.626 + 0.021 3.5 0.206 + 0.001 0.035 + 0.002 0.730 = 0.030
45 0.060 + 0.020% 0.630 + 0.022%%% | 0,031 + 0.004%%* | (0.246 + 0.008*** 4.0 0.162 + 0.002 0.035 + 0.002 0.778 + 0.023
5.0 0.041 + 0.002 | 0.019 = 0.002 0.615 +0.020 0.021 + 0.009 0.291 + 0.010 45 0.122 + 0.020% 0.813 £ 0.022%%% | 0.011 = 0.005%%*
6.0 0,020 = 0.002 | 0.016 = 0.002 0.554 +0.020 0.020 + 0.008 0.377 £ 0.008
70 0.4%4 + 0.014 0.021 + 0,007 0.466 + 0.007 5.0 0.110 + 0.005 | 0.026 + 0.003 0.837 + 0.016 0.013 + 0.002
8.0 0.402 + 0.016 0.025 + 0.006 0.550 + 0.015 6.0 0.052 £0.016 0.867 + 0.030 0.017 = 0.002
85 0355 +0.017 0.025 + 0.006 0.584 + 0.015 7.0 0.023 £ 0.016 0.895 + 0.035 0.021 = 0.002
9.0 0.318 + 0.008 0.025 + 0.006 0.616 +0.014 8.0 0.020 £ 0.013 0.914 £ 0.035 0.022 £ 0.002
9.5 0.285 + 0.009 0.022 + 0.006 0.647 £ 0.014 85 0.920 + 0.036 0.022 + (0.004
10.0 0.259 + 0.007 0.022 + 0.006 0.684 + 0.014
10.5 0.228 + 0.007 0.020 + 0.005 0.719 + 0.012 19000 0.03 < 0.001% ggig f gg;i gg;g f gggz
11.0 0.204 + 0.002 0.019 + 0.005 0.756 + 0.012 . T : - . -
115 0178 £0.002 | 0016£0.004 | 07850012 115 0.975 + 0.006 0.023 = 0.009
Before: After:
WENDIO Count per Hadron ~ WENDI0 Weighted Average WENDIO Count per Hadron ~ WENDI0 Weighted Average
0,0052817048735 £0.00325992 O 00269652227 0,0222141433
0,08133071733 0,000826858305 d 0.02461244766 1002436807
0,003149154487 0.0000136471584 D 0.01406918049 0.01015559225
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Conclusions
|) Effect of Target Size (Tungsten)
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2) Approximate Regions of Spallation at Different Momentums
Front part for | GeV, Middle section for 5 and 10 GeV

P6 for 60 cmW
PS5 for36 cmW
==> 60 cm one
gives 2.5 times
higher results

0.003149154487 0.003628447025
0.00413107895 0.004668993656
0.003226822907 0.01695970919
0.003598892172 0.01855318827
0.001547309062 0.008820559801
0.001636082412 0.009409168089
0.004473261251 0.01026465547
0.004784617766 0.0107545555



Conclusions
3) Energy Ranking by Spallation Yield

Material o Material 23 Material
Pagtile: proton | Energy: 1000 Mo | Diameter fixed: 15 cm shagtriy -4 : pi+ | Energy: 1000 MeV | Diameter fixed: 15 cm Tw %u!d?pl-lin-gmethIwm.\!cm 4w
+ — - - Cu 20— e =CU F - Cu
20 E
18— —
5 18 ; & “F + § -
3 e 16 &€ .F
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S 40! g 10~ o
H ! I :
8 2 s - 2
-
6 - -
4w
1 1 1 | | | 1 | | | | L | 1 |
10 20 30 40 50 60 10 30 40 50 30.2 304 30.6 30.8 31
Target length (cm) Target length (cm) Target length (cm)
10w 10 Gev (8,55,345)P5 (11.655-11.5)P5 14500110 2200010
10w 10 GeV. (8.55,345)P5 (11.655-115)P5 1750110 3000110
Paggidle: groton- | Energy: 1000 MeV | Diameter fixed: 15 cm o ot
10w 10 (7.55511.5)P4 (1165522) P4 32610 30K/10 o k504
10w 10 (7555115)P4 (11.655,22) P4 3.8K10 3.4K110 F -1 0
10w -10 (1.55573)P6 (122,5522) P4’ 580/10 2800110 s F
10w 10 (7.5557.3)P6 (12.25522) P4’ 410010 22000110 P ik
(3 =
oW 10 (7555115) (10.9,55,22.9) 33K/10 18KI10 e r
oW 10 (7.555,11.5) (10.955,22.9) 4K/10 22010 § 35—
oW 5 (7.55511.5) (10.955,22.9) 12K110 5.8K110 g ot
oW 5 (7.55511.5) (10.9.55,22.9) 4K/10 22010 s 30—
1 B
10w 5 (755511.5)P4 (1165522) P4 3600110 3535/10 £ 25k
10w 5 (7.555115)P4 (1165.522) P4 910 8510
10w 5 (1.55573)P6 (12.255,22) P4 1000110 6000110
10w 5 (7.55,57.3)P6 (12.25522) P4’ 450110 2400110
I 1 | | |
1w 5 (8,5.5,345)P5 (11.6,55-11.5)P5 3500/10 7500/10 30.2 304 30.6 30.8 31
10w 5 (8,55,345)P5 (11.655-115)P5 150010 3250110 Target length (cm)




What We've Done So Far
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