Fit Crystal Ball Function (Detected neutrons

Counts

038.045Gevic ] 045053 Gevic | 053-060 Gevie | 0.60-0.68 GeVic | 0.68-0.75 Gevie | 0.75.082 Gevy
bin:0 in:1 bin:2 bin:3 bin:4 bin:s
500)
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bin:6 bin:7 bin:8 bin:9 bin:10 bin:11
1000 1
- 4}\\ ] j\\
127135GeVic ] 135143GeVic | 143.150GeVic ] 150157GeVie | L57-165GeVic | 165-1.73 Gevic
1000fP11:12 Joinaz bin:14 bin:15 bin:16 bin:17
Data file:
500) 1
datalOp6nosidiscutv4.root
173180GeVic | 180-188GeVic | 188-195GeVic | 195203GeVic | 208:212GeVic | 212-2.23 Gevic Histograms:
bin:18 bin:19 bin:20 bin:21 bin:22 bin:23 detMM _passdcxdcyMass2Rmincut_-Pmmbin
223233GeVic | 233242GeVic | 242252Gevic | 2522.73Gevic | 273:292Gevic | 292:3.12 Gevic
bin:24 bin:25 bin:26 bin:27 bin:28 bin:20
) N JJJ\’)
312-352GeVic | | 3.52-3.92 GeVic 3.92-4.40 GeVic 4.405.20 GeVie 5.20-6.00 GeVic 6.00-7.50 GeVic
of P30 Lﬂ/’ bin:32 bin:33 bin:34 bin:35




Background Lineshape (Detected neutrons)
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@ Fit the range from
MM =0 - MM + o with
Crystal Ball fn.

@ Using full data range subtract
fit from data A = Ngara — Mz

© Use result to guide choice of
fitting function.

@ bckgnd =
N(MM _ MMO)ne/\(MMfMMo)



Background Lineshape (Detected neutrons)

038.0.45 GeVic §  0.45.0.53 Gevic ¥ 053060Gevic I 0.60068Gevic I 0.68-0.75Gevic ¥ 0.75.0.82 Gevic
bin:0 bin:1 bin:2 bin:3 bin:4 bin'5

350F 0.82-0.90 GeVic 0.90-0.97 GeVic 0.97-1.05 GeVic 1,05-1.12 GeVic 1.12-1,20 GeVic 1.20-1.27 GeVic
bin:6 bin:7 bin:g. bin:9. bin:1Q bin:1%

s0f 127-135GeVic  135-143GeVic } 143-150GeVic } 150-157GeVic 4 157-165GeVic § 165-173Gevic o F itt h € range fro m

b bin12 bini13 bin:14 bin:15, bin:16 bini17 .

0 MM =0 — MM + o with
o Crystal Ball fn.

1000F 173-180GeVic  180-188GeVic } 188-195GeVic 4 195203GeVic 4 203-212GeVic } 2.12-2.23Gevic

ook binis 9 inizo vzt oinizz binzs @ Using full data range subtract
P fit from data A = Nyata — Mgz

Counts

2500 223233Gevic § 233242GeVic § 242252GeVic § 252273Gevic § 273292GeVic § 292312 GeVic e Use result to gu ide choice of
2000F bin:24 bin:25 bin:26 bin:27 bin:28 bin:29

1500 fitting function.

500
@ bckgnd =
50000 3.12-352GeVic { 352-392GeVic | 3.02-4.40GeVigl { 4.40-520GeVit  520-6.00GeVic 1 6.00-7.50 GeVic N( MM _ MMO ) n e A(MM—MMy)

4000f  bin:30 bin:31 bin:32 bin:33 bin:34 bin:35
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Background Lineshape (Detected neutrons)
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Parameters from Fits to Background Lineshape

bekgnd = [1/(MM — [0])[2] [31(MM—[0])
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Weak Parameters in the Crystal Ball (Detected neutrons) 6

@ Table shows results of two CB-fit passes through the detected neutrons.
@ Right - all parameters free to vary. Left - constrain n.
© Changes in reduced x? are small.

A | [ D E F G H ] 1 K L M

1 |mylogldc NDE FoN N FCNNDE mylog1ab NDE ECN N FCNNDE

2 6 504002  5S0EL 0.992 6 59498 364E-05 0.992
3 8 62077  B822E03 0778 8 620077 130E02 0.778
4 12 75583 143E+00 0620 12 755283 143E+00 0.620
5 13 100E+02 1143 13 9.17E+05, 1121
6 1 121050 L0DE+02 1109 11 118137  B60E+05 1074
7 13 253118 100E+02 1.947 13 244635 136E+06 1882
8 16 231791 L00E+02 1.449 16 225001  142E+06 1412
9 17 146719 100E+02 0.863 17 145723 833E+05 0.857
10 16 227083 LODE+02 1419 16 214335 2.03E+06 1.340
1n 18 156494 100E+02 0.869 18 149514 107E+06 0.831
12 22 100E+02 0.708 22 3.47E+06, 0.676
13 16 126243 1L00E+02 0.789 16 119618  0.75E+06 0.748
1 21 262613 100E+02 1251 21 253512 2.00E+06 1.207
15 21 243957  100E+02 1162 21 240063 192E+06 1143
16 24 200389 298E+01 0835 22 200389  298E+0L 0.835
17 24 170437 147E+01 0710 24 170437 147E+01 0.710
18 35 372838 6.86E+00 1065 35 37285  6.69E+00 1.065
19 29 9.31E+01 1213 29 9.30E+0L 1213
20 28 250077  6.27E+00 089 28 250077 627E+00 0.8%
21 3 339184 521E+00 0942 35 339184 521E+00 0.942
22 a3 44385 7.89E+00 1345 33 44385 7.89E+00 1345
23 33 369161  6.91E+00 1119 33 369161  691E+00 1119
2 40 456839 420E+00 1142 40 456839 420E+00 1142
25 a 5.69E+00 1068 a1 5.69E+00, 1.068
26 40 41719 3.48E+00 1043 40 417199 3.48E+00 1.043
27 a3 4.28E+00 0922 43 4.28E+00 0.922
28 38 438505  249E+00 1154 38 438506  2.49E+00 1154
29 48 454617  2.88E+00 0.947 48 454617 288E+00 0.947
30 53 731246 3.01E+00 1380 53 731246 3.01E+00 1.380
31 55 2,62E+00 0.864 55 2,62E+00 0.864
32 64 581676 265E+00 0.909 64 581676  2.65E+00 0.909
33 63 598998  333E+00 0.951 63 598998  3.33E+00 0.951
34 62 620625  247E+00 1001 62 620625 2.47E+00 1.001
35 63 643042  L54E+00 1021 63 643042 154E+00 1021
36 52 344725  B69EOL 0.663 52 344725 B69E0L 0.663
37 41 284802 BTIEOL 0.695 a1 284802  87IE0L 0.695
38

39 AVE 1028 AVE 1016
40

a1 AVE2 1155 AVE2 1117

go | 1




Weak Parameters in the Crystal Ball (Detected neutrons) 7

@ Table shows results of two CB-fit passes through the detected neutrons.
@ Right - all parameters free to vary. Left - constrain n.
© Changes in reduced x? are small.

A ' [3 D E: E: G H 1 T K L M

1 |mylogléc NOE EcN N ECNNDE mylog1b NDE ECN N ECNNDE

2 6 5. 2 5.50E-11 2 6 9498 3.64E-05 0.992
3 8 622077 823 X 8 62077  130E02 078
4 T 83 143E:00 0620 2 283 1436200 0629
5 13 148548 100E+02 1143 13 14578 9.17E+05 1121
6 1 12.1959 1.00E+02 1.109 1 11.8137, 8.60E+05 1.074
7 13 253118 100E+02 1047 13 244635  136E+06 1882
8 16 231791 1.00E+02 1.449 16 1.42E+06 1412
B 17 146719 100E+02 0863 17 145723 8.3E+05 0857
10 16 22.7083 1.00E+02 1419 16 21.4336 2.03E+06 1.340
1 18 156404  100E+02 0.869 18 149514 107E+06 0831
12 22 15.5754 1.00E+02 0.708 22 14.873 3.47E+06 0.676,
13 1 100E+02 0789 16 119618 9.756+06 748
14 21 26.2613 1.00E+02 1.251 21 25.3512 2.00E+06 1.207,
15 21 243057 100E+02 1162 2 1926406 1143
16 24 20.0389 2.98E+01 0.835 24 20.0389 2.98E+01 0.835
17 24 170037 147E+01 0710 24 17047 147E+01 0710
18 35 37.2838 6.86E+00 1.065 35 37.2858 6.69E+00 1.065
1 2 9.31E+01 1213 29 5168 9.30E+01 1213
20 28 25.0977 E+ 0.896 28 25.0977 6.27E+00 0.896
2 3 5.21E+00 0022 3% 9184 521E+00 0942
22 33 44.385 7.89E+00 1.345 33 44,385 7.89E+00 1.345
23 3 36.9161 6.91E+00 1119 33 36.9161 6.91E+00 1119
24 40 45.6839  4.20E+00 1142 40 45.6839  4.20E+00 1142
25 a1 43.8068 5.69E+00 1.068 41 43.8068 5.69E+00 1.068
26 40 417199 3.48E+00 1043 40 417199 3.48E+00 1.043
27 43 3 4.28E+00 0.922 43 4.28E+00 0.922,
28 38 43, 2.49E+00 154 38 43.8506  2.49E+00 1154
29 48 45.4617 2.88E+00 0.947 48 45.4617 2.88E+00 0.947,
30 53 731246 3.01E+00 1380 53 731286 3.01E+00 1380
31 55 47.524  2.62E+00 0.864 55 47.524  2.62E+00 0.864
32 o 265E+00 200 64 581676 265£+00 0.909
33 63 59.8998 3.33E+00, 0.951 63 59.8998 3.33E+00 0.951
3 &2 2.47E+00 001 62 620625  2.47E+00 1001
35 63 64.3( 1.54E+00 1.021 63 64.304 1.54E+00 1.021
36 52 344725 869EQL 0663 52 34475 B69E0L 0663
37 41 28.4802 8.71E-01 0.695 41 28.4802 8.71E-01 0.695




Weak Parameters in the Crystal Ball (Detected neutrons) 8

Compare n varies with n = 100
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o5t ® e = 1E ] § P
s s s s s s s s s s s s 1 s s s s s s
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Crystal Ball Equations 9

The Crystal Ball function is given by

—\2 —
X=X X —X
f(x;a,nXx,0) = Nexp (—%) , for > —«
20 o
x—x\" X —X
:N~A-<B— ) , for < —«
o o
where
n 2 " "
A= (L) - exp (JO“ ) , LOF %0, 0=1, n=1, a=10
|al 2 0gl X=0r0=1,n=3, a=1
B- " _ o "I X=0, 0=1, n=1, a=1
- )
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First Fits to Full Neutron Mass Range

bekgnd = [1](MM — [0])2le[3(MM—[0)

>
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Counts
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1 | o \\.MV

J
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Wy
N

500} Bin30 bin31 bin32 bin33 bin:3s w0 ) oot "ﬁ, bin32 bin33 bin:34 bin3s
I / fof /l
J )/4/ / J A o
(I . . -
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Missing Mass [GeV] Missing Mass [GeV]

all float, range to u+3c all float, range to 1.15 GeV
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Use results for mean and width from CB LE+-core fits 11

038045GeVic ] 045053GeVic | 053-060GeVic | 0.60-0.68 GeVic | 0.68-0.75GeVic | 0.75-0.82 Gayic
bin:0 bin:1 bin:2 bin:3 bin:4 bin:5
5000

F

A

082090GeVic }090097GeVic [0.97-105GeVic |105112GeVic 112120GeVic | 120-127 GeVic

1000Fbin:6 bin:7 bin:8 bin:9 bin:10 bin:11
1 K j\

127135GeVic }135143GeVic | 143-150GeVic | 150-L57GeVic |157-165GeVic | 165-1.73 GeVic

1000f-bin:12 bin:13 bin:14 bin:15 bin:16 bin:17
500 }L “

173180GeVic ]180-188GeVic |188195Gevic |195203Gevic |203212Gevic | 2.12-2.23GeVic
bin:18 bin:19 bin:20 bin:21. bin:22 bin:23

273292 Gevic { 2.92-3.12 Gevic
U/H -

392440GeVic | 4.40520GeVic | 5.20-600GeVic | 6.00-7.50 GeVic
bin:32 bin:33 bin:34 bin:35

?
?

C
5

Counts

500

C
.

223233GeVic  [233242GeVic | 2.42-252 GeVic
500]-bin:24 bin:25 bin:26

LM M

352392 GeVic
bin:31

=,

-

500f

05 1 05 1

Missing Mass [GeV]

1
N
|

fix g and o, range to 1.15 GeV
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Fit Parameters from CB LE--core fits

-
4000 T T T T < T T T T T < 200 My T T T T
2 3
Z900 E 2 1 ooo o O O+ Sisof E
Ea00 CB+background2 j 160F 3
200 fit parameters 08k ] ok . 3
600 E sk ] 120F o E
500 E 100 oo E
400 E ok E 3 E
300 E 3 E
200 o E 02f E a0f E
100 o E 20 E
L TP =1 ! L | 1 L ! ! | L
0 L 0 L ] 0 S S B S S N
b, 1Gevic] b, [Gevic] b, [Gevic]
= AMSAS ARAM M =10 T > 5 T
3 E I *asf E
E 107 Dooo o o 4 DO E
E ) sk o E
3 v E o o E
107 sk o
10
E s 25 E
E e SE § n % Ave=31 3
3 100 F 3 15F + =] 3
10° 1 [@m
E 12 3 b 10 E
3 3 k| osE 3
& .
o e 8 o | T
4 6 7 4 6 7 1 2 3 4 5 6 7
b, [GeVic] b, [Gevic] b, [Gevic]

Thu Jul 14 13:07:53 2022

fix 4 and o, range to 1.15 GeV




Additional Slides
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Simulated (SIDIS) Proton Results

e'n+ Missing mass

2000
o Name hMmm
L Mean 2419
1500 [~ . . RMS 0.694
o used simScan-21-jun-04 Integral146166.000
1000 on SIDIS 2021 sims 1
s00 E
PN R B ! anflnoons
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 18 2.0
Mmm (GeV/c2)
e'n+n Events
o i Name hMmmMC
8001 Mean 1.199
F RMS 0.589
600 [~ Integral 4541.000
ao0 | E
200 |- |
P S N B i .
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 18 2.0
MmmMC (GeV/c2)2
e'n+n Events
1000 - Mame hMmmMC2
o Mean 1.680
800 |- RMS 0242
= Integral40505.000
200 ]
b b I P R
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 18 2.0
MmmMC2 (Gevrc2)
ilfoyle NDE Fitting 1
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Background Lineshape (Detected neutrons)

120676 380,45 Gevic 0.45-0.53 GeV/c 0.53-0.60 GeVic §  0.60-0.68 GeVic 0,68-0.75 GeV/c 0.75-0.82 GeVic
bin:0 bin:1 bin:2 bin:3 bin:4 bin:5

350k 0.82-0.90 GeVic 0.90-0.97 GeV/c 0.97-105GeVic § 1.05-112 GeVic 1.12-1.20 GeVic 1.20-1.27 GeVic
in:6 bin:8 bin:9 bin:10 bin:1Y

g @ Fit the range
-0 MM =0— MM + o

a00p 127-1.35 GeVic 1.35-1.43 GeVic 1.43-150 GeVie } 1.50-L57 GeVie 1.57-1.65 GeVic 1.65-1.73 GeVic
in:12 in:13 in:14 6 in:17

200 b b bin:15 bin:1 b with Crystal Ball fn.

o @ Using full data range

1000F 1.73-180GeVic 4 180-188CeVic } 188-195GeVic  195203GeVic § 203212GeVic § 212-2.23GeVic subtract fit from data
goof bin:18 1 bin:1g bin:20 bin:21 bin:22 bin:23 _ .
A= Ndata - Mflt

200 ] © Use result to guide

2500F 2.23-2.33GeVic § 2.33-2.42GeVic } 242-252Gevic § 252-273Gevic § 2.73-2.92Gevic } 292312 Gevic choice of fitti ng
2000F bin:24 bin:25 bin:26 bin:27 bin:28 bin:29

1500 function.

Counts

5000f 3.12-3.52 GeVic 3.52-3.92 GeVic 3.92-4.40 GeV/gi } 4.40-5.20 GeV/e 5.20-6.00 GeVic 6.00-7.50 GeVie
4000F bin:30 bin:31 bin:32 bin:33 bin:34 bin:35

005115225005115225005115225005115225005115225005115225

Missing Mass [GeV]

foyle




expMM_Pmmbinl8

T T T T I T T T T I T T T T I T T T T I T T T
expMM_Pmmbinl8 . i

Entries 169239 | Lo Fits.with.CB.........
Mean 1.398 : :

Std Dev 0.2268 ; and background
X2/ ndf 1035/ 77 [ oo P L
Prob 0.02371 :
po 1334+ 16.9 i i
pl 0.9498+ 0.0015 |......oooooo ol
p2 0.05405 + 0.00112 : :
p3 1.635+ 0.057
p4 327420302 |
p5 0.9767 + 0.0063 : :

4944 £ 2995.5 H H
1702+ 1282.6 |
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4000
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