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Data Used
User cycles 2017 -09-10- 11 OptICS : 3-170+M3-Test1, 3-240+M3-Testl 3-200+M3-Test2/Test1
Empty Full
170 200 240 170 200 240
10092 | 10093 |, 10159 10189 09772 09773 09935
10153 | 10156 | 10161 10190 09774 09776 | 09936
10154 | 10157 | 10162 10199 09775 09779 | 09937
10155 | 10158 | 10169 10200 09777 09855 | 09938
10165 | 10164 | 10175 10201 09778 09856 | 09939
10167 | 10168 | 10176 10208 09854 09857 | 09940
10173 | 10182 | 10177 10209 09859 09858 | (09941
10186 @ 10183 | 10178 10210 09861 09860 | 09942
10202 | 10203 | 10180 10211 09772 09773 | 09943
10207 | 10181 10159 09944
10093 | 10185 09935

*run numbers in bold requested for MC
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TOF
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Distributions

TOF
TOFD1
- Entries 633777
TOFD1 -
Entries 633464 - ZOOMEV/ C |Mean 28.85
Mean 29.41 00— RMS 1.931
RMS 2.39 =
250 —
200 —
150 —
10—
50—
ﬂ_ . L [ I I B L P IR |
e 40 22 24 26 28 a0 a2 34 26 38 40
ns ns
TOF
TOFO1
l Entries 489022
E 240M eV/ C Mean 28.23
- RMS 1.605
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200 —
150 —
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Traversed material
Material Z(cm) X, (cm)
Hell 113 c 671E405 Tracks are projected from TKU to TKD (S5) with a
lium : predicted 10mrad of scattering, If the track is
Aluminium 0.094 8.897 within the 140mm active radius then the
il 0.74 42.28 particle is selected.
LH2 30 890.5
_13.6MeV/c |z

Z
(1+ 0.038ln—) = 20mrad
PuB Xo Xo



Radial selection - 170MeV/c
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Upstream, Data Downstream, Data S
. _ _ : dataUS_prerad XY "E“ E Entries 11348
= = : . "~ [Entries 62625 £ 200 Meanx 0.8398
= 200 N X ' © |Meanx  -11.31 = = Meany 0.8375
= - . |Meany 1.776 > 150 RMS x 74.86
> 150 ‘| RMS x 83.78 = RMS y 73.92
= RMSy  74.33 100E-
100E- 00
50 SOF
= =
O =
= 50
50 =
- 100
~100F- -
- ~150F-
-150E =
RO Lo B R R
—_r 1 | 1111 | 111 1 | 1111 | I.I 11 | | [ I.I | 1 I\I 1 | 1 I.I 1 11 — —
—200 -150 -100 50 0 50 100 150 200 X (mm)
Upstream, Data Downstream, Data
datalS_XY dataDS_XY
= = Entries 2398 = = - Entries 2146
£ 200 ean 2519 E 200F Meanx 7412
- - eany -5331 - - Meany -15.29
> 150 RMSx  29.53 > 150 RMSx  54.65
E RMS y 35.64 C RMS y 55.19
100 100F-
50E- 50F-
0 0
505 —50F
~1005 ~100F-
~150F- ~150F-
_200_:r_,l..||||||||""llllllllllllllllllllllllllll _200_:.._ o e b s b b v v b v Py L

I\J'_
o

200 -150 100 -50 0 50 100 150 200 b_150 —-100 -50 0 50 100 150 200
X {mm) ¥ fmm)



Radial selection - 200MeV/c

Upstream, Data

_|dataUS_prerad_XY Downstream, Data

E 200 "~ | Entries 108022 dataDS XY
£ Mean x 0—51{;]68 T 200E Entries 6013
> 150F 71.85 EE mgiﬂi ffgg
78.34 > 150 RMSx 5203
1005 RMSy 5227
501
50
~100E-
~150F-
Bl i ) e e U _200;_.|....|....|....|....|....|....|....|....|..
-200 -150 —100 50 0 50 100 150 200 -200 -150 -100 50 O 50 100 150 200
X (mm) X (mm)
Upstream, Data Downstream, Data
. dataUS_XY . _ dataDS_prerad XY
- Entri 6505 - : : Entri 27598
E 200 Mr;;.:.sx -3.006 E 2001 mggﬁs)c -8.102
£ = M & = = ean 1.167
> 150F RMSX 4114 > 150 AVSX 7205
= RMSy  38.83 - RMSy 72.88
100F 1005 .
50} 50E-
oF 0
50 50
~100E- 100F
~150F- ~150
—200 200E e e
Bl bov i b b b b Lo by Ly 200 -150 -100 -50 0 50 100 150 200

-200 150 100 -50 0 50 100 150 200 X {mm)
X {mm)



g;;;;;;;lye Radial Selection - 240MeV/c

¢ Unlversn:y
S0
Upstrearﬂl Data Downstream, Data
—_ |dataUS_prerad XY - %a;:‘%ijrer;gg:;
E ’ i C !
E 200F o E200F T
;: 1503_ g:&n: 0?2822 > 150 RMS x ?:’3.05
= | RMS y ?8.34 = BRMS y 72.88
100 ' ' 100= |
50 505
0 oF
-50 ~50E-
-100 ~100E-
1505 ~150;
_200—:r_| PSR R Sl BT eY B I A SN U ST RS v E W AT Al ST i-|'|..|.| _200—:r_l Lo b Ly III I \.I Ll |.| I T B A A S B B
_ 00 150 —100 _'50 0 50 100 150 200 -200 -150 <100 -50 0 50 100 150 200
RN X (mm)
Upstream, Data Downstream, Data
. _ dataUS_XY dataDS_XY
C Entri 6505 F ;
E 200:_ mggﬁsx -3.006 E 200:_ hEﬂr:;:Sx —26.2;3
— = eany -5.133 — = M -14.
> 150F- AVS Y 4114 > 150 AVSx 5203
100:_ RMS y 38.83 1005 RMS y 52.27
50~ 50
0 0
—50 50
~100F- ~100E-
~150F- ~150F
_200—:r_| | 11 1 1 | 111 1 | 111 1 | 111 1 ‘ 111 1 | 111 1 | | N I | | | L1 _200—Er_| | 1111 | 11 1 1 | 1111 | 11 1 | | 11 1 1 | 11 1 1 | 111 1 | 11 1 1 | 11
-200 -150 -100 50 O 50 100 150 200 -200 -150 100 -50 O 50 100 150 200

X (mm) X (mm)



Surviving Events
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170 MeV/ C cuts_accept
B Entries 2764636
_—I— Mean 0 _ 200 MEV/ C cuts_accepl
10° RMS 0 g F Entries 3531955
- E = Mean 0
- o> I RMS 0
| % 105 &=
a3 F
10° — -
B 10° —
0t = —
1 = 1 2 3 4 C
i | | | | 10¢ =
All Evenis US Track Fournd TOF Selection Fiducial Salection Diffuser Cut -
. . Selection Criteria -
Criteria 2 | 1
All Evenis US Track Fourd TOF Selaction Fiducial Salection Diffuser Cut
TOF1 spacepoint present Selection Criteria
(TOF1 spacepoint present) o 240 MeV/c
1. US track present g F Erires 353155
= = ean
2. TOF selection (table) s RMS 0
3. Projected radius at TKD with e
4. 0.01lmrad of scattering < (140mm) =
5. Max radius at diffuser < (90mm) -

:

172 28.850+0.1
200 28.180 £ 0.1 e
240 27.500 i 0.1 = All Events l US Track Found l TOF Selection l Fidugial Salection l Diffuser Cut

Selection Criteria



University of

Strathclyde
Umver51ty
Glasgow

Cor Momentum Calculated from TOF

cor_mom
C Entries 2398
1400_ Mean 171.6
C BRMS 2.065
1200/—
1000—
300
600|—
400
200
0 — 1 1 1 1 | 1 1 1 1 | 1 1 Il 1 | 1 1 1 1 ‘ 1 1 1 1 | 1 Il 1 1 | 1 1 1 1 | 1 1 1 1
) 50 100 150 200 250 300 350 400

Momentum (MeV/c)

13/10/2018

Resulting momentum

Cor Momentum Calculated from TOF

Cor Momentum Calculated from TOF

B cor_mom
- T Entries 6505
r Mean 200.2
2000 —
1500 —
1000 —
500 —
0 B L L L L | L L L L | L L L L | L L L 1 | L L L L | L L L L | L L L L | L L L L
o 50 100 150 200 250 300 350 400

Momentum {MeV/c)

Gavriil Chatzitheodoridis

cor_mom
1200 — Entries 3879
= Mean 240.5
C RMS 4.041
1000—
800—
600 —
400—
200 —
0 B 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
0 50 100 150 200 250 300 350 400

Momentum (MeV/c)
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Change in Projected Angle (X) Change in Projected Angle (X)
thetaX_ref _ thetaX_data
8 L Entries 2833 81200 Entries 2398
E 180 — Mean -0.002958 E - Mean -0.001203
N RMS 0.01619 N RMS 0.02119
8 gl 8 100—
5 160/— a |
S L 4of e
G 140 G o
120{— B
100 60—
80— B
60— 0
a0 wol
20— R
86 -0.04 -0.02 0 0.02 0.04 0.06 Bos -0.04 -0.02 0 0.02 0.04 0.06
A8, A8,
Change in Projected Angle (Y) Change in Projected Angle (Y)
thetaY_ref thetaY_data
B 2000 Enlies 2833 g F Enlries 2398
£ s Mean 0.001413 E r Mean -0.001674
N RMS  0.01579 5 100l— RMS 0.02127
« 160/ e T
& - ] B
@ 140 G gl
120— B
100 60—
80— i
- 40—
60— -
40— 2ol
20— B
: 1 1 1 —t— C 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 10
806 -0.04 -0.02 0 0.02 0.04 0.06 806 -0.04 -0.02 0 0.02 0.04 0.06




g"‘t“;;‘;ﬁ; ThetaX, ThetaY - 200MeV/c
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Change in Projected Angle (X) ) .
of G ) ThetaX 7ot Change in Projected Angle (X)
£ 500— Entries 6573 o = thetaX_data
EVNL Mean -0.003306 € sl Entries 6505
Tk RMS 0.01397 ETNE Mean -0.002611
3 r > F RAMS  0.01812
22} — [
£ 400— 2 300
> — = —
w L g —
L Y 250
300— -
= 200
200— 150
- 100—
100— -
C 50—
_-—i 1 1 1 | 1 1 1 | 1 1 1 | 1 L L 1 :
—8.06 -0.04 -0.02 0 0.02 0.04 0.06 = | T R R NN T N R N SO S NN S R [
AB 806 -0.04 -0.02 0 0.02 0.04 0.06
X A8,
Change in Projected Angle (Y) Change in Projected Angle (Y)
theta¥_ref _ theta¥_data
T L Enties 6573 g F Entries 6505
E 500— Mean 0.001058 < 350 — Mean -0.001015
T C RMS  0.01398 5 F RMS  0.01843
a8 [ = L
o [ E 300
§ 400— e
w B w -
C 250—
300/— 200l
- 150 —
200— =
- 100{—
100/— S0l
o6 006 e 11
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ThetaX, ThetaY - 240MeV/c

Change in Projected Angle (X)

. thetaX_ref
© = Entries 3251
E 800 Mean -0.002973
N RMS  0.01167
a -
2 250(—
g |
L -
200f—
150 —
100
50—
Bos 0.06
ABX
Change in Projected Angle (Y)
5 thetaY_ref
a L Entries 3251
£300— Mean 0.001106
N RMS  0.01145
8 r
2 250 —
e _
w L
200—
150 —
100[—
50—
Bos 0.06
AB

Change in Projected Angle (Y)

- theta¥_data
® B Entries 3879
£ 250 Mean -0.00104
5 RMS  0.01545
g [
s F
S 200—
T

150 —

100—

50—

_ 1 1 | 1 1 1 | 1 1 1 | 1 1
Boe -0.02 0 0.02 0.04 0.06
A8,
Change in Projected Angle (Y)

= theta¥_data
I B Entries 3879
£ as0 Mean -0.00104
5 RMS  0.01545
g [
s F
¢ 200
et N

150 —

100{—

50—

Boe 0.06

AB,,
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170MeV/c 200MeV/c 240MeV/c

—100 dataAce_projRetDitf —100 dataAcc_projRefDiff —100 dataAcc_projRefDiff
E C : Entries 2398 E C Entries 6505 E C Entries 3879
= 80— Mean x -0.03886 | = o, Mean x  -2.547 | Meanx  -2.73
3 - Mean y 11.04 | 5 = | Mean y 10.7 3 C Mean y 10.63
8 60— AMSx 2639 | =, o “|RMSx  2034| gy g0l RMSx  15.98
L8 UE RMSy  2743| 3° °°F {RMSy  20.15| % ¢ RMS y 16.73
3 40 T a0 3 40
13 20 £5 20 £5 20
o o o
-20- 20— 20—
-40— -40— -40—
-60— 80— 80—
oL ~80- 80—
~toqpi b ke b PN S T D D D D S D YT A IR AT EVRTAPIN RSN IR PP I S
-100  -80 60 -40 -20 0 20 40 .80 .80, 100 Woo Ze0  —s0 40  -20 0 20 40 80 80 100 Woo 80 —s0 -40 20 0 20 40 80 80 100
el _xEe {mm) projto GH ., proj 1o LiH projto GH . proj 1o LiH
us oS Xis - Koe (mm) Xis - Koe {mm)
dalaAce_projRelDiffddz I dataAce_projRefDiffddz - dataAce_projRelDiffddz
E Entries 2398 | E [ Entries 6505 E [ Entries 3879
£ Meanx -0.00232 | £ (. Mean x -0.001199 | Mean x ~0.0003018
z BT Meany 0.001553 | 3 L Meany 0.002798 I Meany — 0.00346
sa AMS x  0.02695| z., [ RMSx  0.02048 sa [ RMSx  0.01418
W RMSy 002705| N [ AMSy 002012 E AMSy 001415
%0.05— ©0.05— 005
T T L
'ENE L ENE L e I
E 0— g 0— ; 0?
° = ) - o N
-0.05— -0.05— -0.05—
-0.1— -0.1— -0.1—
P R . | . ol (T R s | . ol = 31' . '0‘05' L fIJ L 'oéql - IP|1I .
-0 -0.05 0.0 A 0.1 -0.05 0 005, 0l -0. -0, 05 o Ol
dXdzﬂ;ﬁDUH-dXdi;:'QL'H(mm) d)(d;:f,s‘j‘q L”-dXdi'[’,;’PL“(mm) dXdz - dXdZpe  (mm)
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Future work

Resolve MAUS version issue
Comparison with Monte Carlo
Enhance PID procedure:
» Cherenkov Detector
« EMR/
« KL Calorimeter
Systematic error calculations:
» Material fluctuations in absorber
« Alignment
» Angle definition
« TOF system*
Convolve empty absorber data with the models
« Geant4 (Wentzel-1V)
» Carlisle —=Cobb (XY)
* Moliere
Quantify model/data consistency with Chi*2

14



