= CERN MCP-TOF Results

A. Lehmann, M. Bohm, M. Pfaffinger, F. Uhlig

* MCP-TOF setup

* TOF resolutions

* From TOF resolutions to counter resolutions
* Counter resolutions

* Summary
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= MCP-PMT Setup with Radiator
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* Segmented PMMA radiator coupled directly to Photonis XP85012/XP85112

# Each PMMA segment matches MCP anode pixel (8x8 pixel, 6x6 mm? each)
® Particle beam perpendicular to radiator directly through MCP-PMT

# Readout of 64 anode pixels and 1 MCPout (sum of all anodes) with Padiwa
frontend boards and TRB DAQ
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= SciTil Setup

SciTil

# SciTil (BC418, 30x30x5 mm?®)

#* Wrapped in aluminum foil
# Read out at 2 sides with 4 SiPMs (Ketek, 3x3 mm?) connected in series
# SciTil + SiPM readout boards packed in light tight alubox

# Raw signals fed through amplifiers and given to Padiwa frontend boards
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- MCP-TOF Setup

Hodoscope

16 hor. 2 mm strips 29 m ﬂlght path

16 vert. 2 mm strips

MCP-TOF 1 MCP-TOF 2

MCP1 51x51 mm? MCP2 51x51 mm?
Beam MCPout + MCPout +

64 pixels 64 pixels
#

SciTil1 50x30 mm? SciTil2 30x30 mm?
left + right left + right

#* In both MCP-TOF stations 1 SciTil and 1 MCP counter each

® MCP-TOF1 (MCP-out, SciTil |, SciTil_r) at one Padiwa (no reftime needed)

® MCP-TOF2 (MCP-out, SciTil_|, SciTil_r) at one Padiwa (no reftime needed)

# Different TRB-boards for MCP-TOF1 and MCP-TOF2 (reftime necessary)

#® Additional setup with all MCP-out and SciTil signals at 1 TRB + aircell cables (no reftime)

# 6 TOF infos — determination of time resolution for each counter possible
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* All 3 GeV/c data used, but different TRB boards for TOF1 and TOF2
* TOF position is not stable over time — correction needed
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- Corrections Applied to TOF Analysis

* Time of Flight (TOF)

* Create 2D histo TOF vs EventNumber
* Determine TOF positions after ~10k Events using TProfile
* — event wise correction of TOF (T2 — T1) position

* Time over Threshold (ToT)

* Create 2D histo ToT vs EventNumber
* Determine ToT position after ~10k Events using TProfile
* — event wise correction of ToT1 and ToT?2

* Time Walk of corrected TOF and ToT1 and ToT2

* Create 3D histo from TOF vs ToT1 vs ToT?2
* TProfile2D gives TOF position dependent on ToT1 and ToT2
* — corrected TOF
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= Corrected TOF Resolution (3 GeV/c)

TOF uncorrected TOF corrected
MM TOF MCP1 vs MCP2 MM ToF McP1 vs MCP2
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Readout with 2 TRB boards
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# Significantly improved TOF resolution after corrections
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= Corrected TOF Resolution (3 GeV/c)

TOF uncorrected TOF corrected
MM TOF MCP1 vs MCP2 MM TOF MCP1 vs MCP2
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#® TOF resolutions with aircell cables and 1 TRB better than with 2 TRBs
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Readout with 1 TRB board
+ long aircell cables

TOF Fits (3

GeVlc, all MCP Pixels)
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# Corrected TOF distributions of all MCP pixels (MCPout signal)

® Moderate resolutions for all 6 counter combinations
Albert Lehmann
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= TOF Fits (3 GeV/c, one MCP Pixel)
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# Corrected TOF distributions (both MCPout signals with trigger on px 4/4)
® better resolutions than with all pixels for the 6 counter combinations

* Alot less statistics but also less background
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oy = TOFres(MCP2—MCP 1
0y = TOFres(SciTil2—SciTil 1
0y, = TOFres(MCP2—SciTil 1
Oys = TOFres(SciTil2— MCP1
0, = TOFres(MCP 1—SciTil 1
0., = TOFres(MCP 2— SciTil 2
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Albert Lehmann DIRC Meeting --

- Determination of Time Resolutions

0., = TimeRes(MCP1)
= TimeRes(MCP?2)
0., = TimeRes(SciTil1)
O, = TimeRes(SciTil2)
O,.., = TimeRes(Beam,Clock,...)

# 6 measured TOF resolutions
® 4 counter + 1 “beam’ resolutions

# 6 equations, 5 unknowns

# Create 6 bin histogram with
individual TOF resolutions

#® ROQOT least square using Minuit
® — Resolution of each counter

Uppsala -- June 9, 2015 11



= Obtain Counter Time Resolutions

Pions 3 GeV/c all MCP pixels

# 6 TOF values and 5 unknown counters <, 20000F

§18000
# Solve with ROOT least square fit (Minuit) « 16000
14000
# Create 6 bin histogram with TOF values 12000
of different combination put to one bin P
each 5000
#» Define a function which contains all ;‘ggg
counter resolutions as free parameters 0

# Use ROOT Fit method
LinEq( par 20000
0. §1sooo;
Hx[0]<05) %, 16000F
xval. = .I?a_r[[]] 4 1-1?31.[2] + par[4]; 14000 ;
9‘1&:&;;1:(;;5:] [;]14:;331'[3] + par[4]; 12000
81,5% ;’f_(x[[]‘][a]z.ﬁ)r . L 10000
olse if (j.zgﬁ:l];&é)d OPS 8000
xval = par[1] + par[2] + par[4]; 6000

elze 1f (x[0] < 4.5)
xval = par[0] + par[1]; 4000
else i (x[0] < 5.5) 2000
xval = par[2] + par[3]; 0

return xval;
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Counter Resolutions (all Momenta)

Resolution of MCP1
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# Different resolutions for o,,,, with 2 TRBs and with 1 TRB

# Counter resolutions roughly independent of TRB setup

Albert Lehmann
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= Counter Resolutions (all Momenta)

Resolution of MCP1 Resolution of MCP2
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O peam, 1TRB = (6015)175
» Different resolutions for o, with 2 TRBs and with 1 TRB — reftime!
# Counter resolutions slightly better than for readout of all pixels
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- TOF and PID at 2 - 4 GeV/c

TOF at 2 GeV/c TOF at 3 GeV/c TOF at 3.5 GeV/c TOF at 4 GeV/c
l_ h1smtof h1smtof h1smtof h1smtof
€, LL,T0 Entries 5603 e,u,n Entries 32461 e,LL,T Entries 9114 e,lL,T Entries 35542
Mean 51.02 10°F Mean 50.94 Mean 508 | 10°F Mean 50.7
© RMS 2.887 RMS 1.771 RMS 1.377 RMS 1.101
— 10°F X2/ ndf 457.8 /9991 x2/ ndf 432.4/339 ¥2/ndf  328.9/1048 x2/ndf  359.2/299
® pO 153.9+25 po 9405+7.5 po 255.8+3.9 po 954.7£7.2
@] p1 49.99 +0.00 pi 49.98£0.00 | 102} p pi 49.98 +0.00 pi 49.98 £ 0.00
0 p2 0.1282 £0.0012 p2 0.1048 +0.0005 P2 0.1033 +0.0009 P2 0.1018+0.0005
p3 0.07023 +0.01195 p3 9.403 £ 0.993 p3 3.52 +0.45 p3 17.28 £1.08
m (7)) p4 -2.232e+06 + 1.3106+04 102F p4 51.05 £ 0.01 p4 50.77 £0.01 oL p4 50.59 +0.00
D P5  9.240405:5.190403 | P5 008866 +0.00763 5  0.1064+0.0079 | 10 P5  0.09838 + 0.00431
m — p6 8.127 £0.417 p6 1766+25 p6 60.57 + 1.52 p6 315.1+3.9
I— _Q 59.17 £ 0.01 p7 54.18 £0.00 p7 53.09 +0.00 p7 52.34 +0.00
m 10 0.2984 + 0.0098 p8 0.1608 + 0.0014 p8 0.1574 +0.0023 p8  0.1315+0.0010
Y - = -
@) o, =128 ps c,=105ps | 1o K o, =103 ps o, =102 ps
L = 10
= ()] 10
= O K
—
H - —
> @©
1
O o '3
(UO -

50 52 54 56 58 60 50 52 54 56 58 60 50 52 54 56 58 60 50 52 54 56 58 60
{(MCP2) - (SciTill) [ns] {(MCP2) - (SciTill) [ns] {(MCP2) - (SciTil1) [ns] {MCP2) - (SciTil1) [ns]

* MCP2out — (SciTil1_| + SciTil1_r)/2 with trigger at pixel 4/4 (MCP1+2)
#® Pions, kaons and protons clearly separable up to 4 GeV/c
# TOF Resolution ~105 ps (worse for 2 GeV/c)
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= TOF and PID at 5 -7 GeVlc

TOF SciTil1t vs MCP2 (5 GeV/c) TOF SciTil1 vs MCP2 (6 GeV/c) TOF SciTil1t vs MCP2 (7 GeV/c)
h1smtof h1smtof h1smtof
Entries 518146 I Entries 63560 F Entries 2131297
Mean 50.54 Mean 50.44 [ Mean 50.38
O] 10%F RMS 0.7337 sL RMS 0.5269 RMS 0.4051
o 3 windt  2193/620 | 10°F X2/ ndf 239.4 / 202 - X2/ ndf 3891 /940
© p01.26e+04 + 2.80e+01 : p0 1382+ 9.4 ne PO  4.068e+04 + 5.112e+01
o p1 49.98 + 0.00 pt s99s+000 | 10°F p1 49.98 + 0.00
O p2 0.1009 + 0.0001 p2 0.1001 + 0.0007 C p2 0.1022 £ 0.0001
3 p3 338.8+ 5.0 p3 44.49 +4.38 p3 918.1+25.1
m o 10°F p4 50.38 £ 0.00 p4 50.25 + 0.02 p4 50.25 £ 0.00
q) C pS 0.1007 £ 0.0015 1 02 — p5 0.1041+ 0.0095 3 p5 0.08618 + 0.00234
m et pé 6721+ 19.3 F 06 104a7+79 | 10°F P6  4.177e+04 + 5.081e+01
|_ 0 p7 51.49 +0.00 p7 51.03 + 0.00 X p7 50.76 + 0.00
p8 0.1121+ 0.0002 p8 0.1044 + 0.0005 p8 0.1018 + 0.0001
N 8 02
10%F c, =101 ps . o, =102 ps
< = 1 or=1oope 102 c, =86 ps
= O o, =101 ps 10f G, =104 ps K
= O o, =112 ps : G, = 104 ps ; % =192 Ps
) = —
M© 10}
® o | "OF
O 1 F
® O
O —
X +
49 50 51 52 53 54 49 50 51 52 53 54 49 50 51 52 53 54
t(MCP2) - t(SciTil1) [ns] t(MCP2) - t(SciTil1) [ns] t(MCP2) - t(SciTil1) [ns]

* MCP20out — (SciTil1_| + SciTil1_r)/2 with trigger at pixel 4/4 (MCP1+2)
#® TOF resolutions ~100 ps for all particles (11, K, p)

#» Kaons also separable at 5 GeV/c, and fitable up to 7 GeV/c
Albert Lehmann DIRC Meeting -- Giellen -- November 13, 2015 16



= TOF and PID at 8 — 10 GeV/c

TOF at 8 GeV/c TOF at 9 GeV/c TOF at 10 GeV/c
2500F h1smtof r h1smtof 4000 h1smtof
X Entries 104723 Entries 101075 i Entries 127519
-O p Mean 49.99 2500F p Mean 49.99 - p Mean 49.99
o RMS 0.3094 RMS 0.245 | 3500k RMS 0.1976
M i x?/ndf 366.2/248 x2 / ndf 267 /229 i x?/ndf  278.5/223
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P2 0.1043 £0.0004 | 2000} P2 0.1028 + 0.0005 [ P2 0.1027 + 0.0006
M p3 2372+ 12.1 s p3 2624 +12.9 i p3 3748+ 155
m ()] | p4 50.24 + 0.00 p4 50.15 + 0.00 o500 p4 50.09 + 0.00
—_— ~ PS5 _0.09937 + 0.00032
|_ & 1500f P5 0.1018 +0.0003 [ P5  0.1015 + 0.0003 :
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0O [ 2000}
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* MCP2out — (SciTil1_| + SciTil1_r)/2 with trigger at pixel 4/4 (MCP1+2)
# Pions and protons clearly separable up to 10 GeV/c
# TOF Resolution ~103 ps (slightly better for protons)
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- Intensities and Separation Power

Il online data without corrections yet !!

Particle Intensities Particle TOF /p Separation Power
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Particle Momentum [GeV/c]
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# Parallel focus; 2 TOF and 2 trigger counters in coincidence
» Particle TOFs and intensities behave as expected

* Very good separation power (even at 10 GeV/c) [not final resolution!]
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- Fit of Flight Path

Il from online data !!
Proton TOF minus Plon TOF
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Particle Momentum

* Fitted flight path is 3-4 m (~10 — 12%) lower than measured

# Other possible interpretations:

#® Beam momentum is wrong by 3 — 4% (seems unlikely)
® TDC calibration is off by 10 — 12%
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= Summary

* All MCP-TOF data of June/July 2015 CERN data
* TOF data show slight jumps over time

* The measured TOF combinations of the 4 used counters are a
powerful tool to determine the time resolution of each counter

* MCP time resolutions between 60 and 80 ps

# SciTil time resolutions between 50 and 70 ps
*» Kaons separable from pions up to 5 GeV/c
* Pions and protons separable up to 10 GeV/c

» Fitted flight path does not correspond to measured 29 m
— TDC calibration off ?
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