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Cosmic Ray Facility
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track reconstruction 2 x Monitored Drift Tube chambers (MDTs)

trigger scintillator hodoscope
active area 22m X 4m

angular acceptance + 30°

readout 12288 channels

— 96 APVs (frontend electronics)
— 6 FECs (scalable readout system)
readout rate 130 Hz (full muon rate)
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Cosmic Ray Facility

reference track

- ]

residual /

hit in s
Micromegas e /
module ;

/

I

residual = measured - reference

= centroid x pitch - trackyprs( heighty )

B v E—y TRV I— SM2 in CRF RIEIE 85



Pulse Height and Efficiency
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M3 Pulse Height Map at Uamp = 560 V, Ar:CO> 93:7, 1800 ppm H,0
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M3 Pulse Height Map at Uamp = 560 V, Ar:CO> 93:7, 1800 ppm H,0
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M3 Efficiency Map at Uamp = 560 V, Ar:CO> 93:7, 1800 ppm H,0
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Amplification Scan for Ar:CO, 93:7
Module 1 Module 3 & Eta 5 (board 8 left)
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Reconstruction of Readout Board
Alignment
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Reconstruction of Readout Board Alignment (Single Layer, example MO - eta in)

without correction pitch deviation considered
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Reconstruction of Readout Board Alignment (Single Layer, example MO - eta in)

without correction pitch deviation considered

=03 =03

E
£ . £

§ 0.2 . , ,n!rrh =425 ... ..um So02

£ pitcheor = 425.12 ym g 1 i
g 0.1** ¢ Té 0.1 ; ‘& :
g ™ s b

=0 2 9 i b

0.1 H ot ; “01 g)

pitch,,, = pitch * ( 1 - relative pitch deviation )
_0.2 -0.2
03500 400 200 0 200 400 03 600 a00 200 0 200 400
MDT precision coordinate [mm] MDT precision coordinate [mm]
nominal

resdiual mean

position

/

position

\

position

shrinked

resdival mean

enlarged

resdival mean

SM2 in CRF 25.10.2018 9/25



Reconstruction of Readout Board Alignment (Single Layer, example MO - eta in)

without correction pitch deviation considered
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Reconstruction of Readout Board Alignment (Single Layer, example MO - eta in)

without correction pitch deviation considered
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M3 Alignment Single Layer
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Reconstruction of Readout Board Alignment (Layer to Layer, Eta3 in M3)
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Reconstruction of Readout Board Alignment (Layer to Layer, Eta3 in M3)
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Reconstruction of Readout Board Alignment (Layer to Layer, Eta3 in M3)

. ‘*eta out |
—~etain

°
&

°

°
s
2

residual mean [mm]

e e
—_ -0.05 —— ~LH
) E
Rasfork: RS2E00003 (top side: GS1) E o + .0.02 —« eta out
—_ , s e
g 3 g —~-etain
£ 1400F T o
g 1200 g ==
F 0.0 =%
F ———— —— 4+
1000 IR
r 0 e 0.11
800 .
- 1 0.09 -0.06 005 N
600 T 53nm
[ ~1000 ~500 0
4()0j soum um . posilior_l._along strips (by scintillators) [mm]
r 60 E e =
200; ) um @ojml =+
[ 58um um 008~ |~etaout
0} Z:z; +++++ ‘ —~etain
T T S B N S ° B e
400 600 800 1000120014001600 e =% o
X [m m] position along strips (by scintillators) [mm]

B v E—y TRV I— SM2 in CRF RS



Reconstruction of Readout Board Alignment (Layer to Layer, Eta3 in M3)
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M3 Strip Shape
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Track Reconstruction with
Micromegas

M. Herrmann (LMU Munich) SM2 in CRF 25.10.2018 13 /25



Residual of Charge Weighted Position Reconstruction (M1)

Micromegas residual MDTs difference
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Micromegas residual
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Residual of Charge Weighted Position Reconstruction (M1)
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Resolution of Charge Weighted Position Reconstruction (M1)

Micromegas resolution
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Resolution of Charge Weighted Position Reconstruction (M1)

Micromegas resolution
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(1) Time-Projection-Chamber-like Reconstruction (pTPC)

R cathode
o — e
£ 350~ f
= L
s T

300~

250

200 —

150 - mesh

1412 1413 1414 1415 1416 1417 | 1418
stnps number

e angle reconstruction: 6 = arctan | 2t
slope - varifg

tmid — intercept

@ position reconstruction: pos =
P POS,TpC slope

v Er—y TRV I— SM2 in CRF TR
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(1) Time-Projection-Chamber-like Reconstruction (pTPC)
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(1) uTPC Angle Reconstruction (M1)
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(1) uTPC Angular Resolution (M1)
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(1) Determination of tyq (signal time spectra, M1)

strip time difference per event

earliest and last signal
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@ expected time difference: 106 ns = 5 mm / 47 uym/ns (£ 4.2 timebins)
@ not yet understood differences between timing distributions

@ smaller differences per event
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(1) Determination of t,,;q (residual dependence, M1)

uTPC residual VS 1/ slope ( tan(#))
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(1) pTPC Position Resolution (M1 at U,mp = 570 V , Uy = 300 V)
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uTPC resolution better than centroid for large angles

but: no improvement of pTPC resolution for increasing incident angle
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(2) Charge Weighted Timing
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(2) Charge Weighted Timing
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(2) Charge Weighted Timing
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(2) Charge Weighted Timing
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(2) Charge Weighted Timing
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(2) Residual Dependence on Charge Averaged Clustertime (M3)

angle,.; = —26.4° fitted correlation VS slope
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(2) Resolution with Charge Averaged Clustertime Correction (M3)

] e i e
— 06 £ L
E + ——e—— centroid + §_ - °« ® * ., o . =
E 0.5+ e utPC + = aof . ° ¢
5 + ——+—— centroid clustertime corrected -+ (_o) C ]
o [
g 04 + 1+ > ¢ L S 1
¢ TRy . ~ £ 39 *
e ) P Rt © r . A A A N b
0.3 o $*$ $$$M el o Lo ore T F A 1
02 e -~ 20 iy ]
- i . + -
rae - L . ]
- e C —— simulation 4
e
01 g *--* 10 L —&— baseline extrapolation | _|
L e —4— turntime ]
o . . N N N N N T N
0 10 ° 0 20 0 100 200 300 400 500 600 700 800 900

reference angle [°] drift field [V/cm]

improvement of centroid resolution for large angles
= better resolution expected (see B.Flierl PhD Thesis)

reconstruction of drift velocities fails
= systematics can not yet be excluded
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Summary

SM2 - M0, M1, M3 - investigation in the Cosmic Ray Facility

(]

efficiency coupled to pulse height

reconstruction of the strip alignment

o pitch deviations = each board individually (humidity influence)
o alignment reconstruction = “banana” shape, shifts, rotations

@ track reconstruction with Micromegas

@ resolution depending on incident angle
@ drift time measurement = resolution improvement for inclined incident
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Alignment using Reference Tracks

slope reference track

SM2 in CRF

Concept:
perpendicular perpendicular inclined
track track track
reference reference
track detector track detector
assumed
assumed measured pos'mon = EN X
osition position T P detector
P detector H N shift l under study
under study measured #7 | %
residual position residual
Implementation:
before alignment
_ 5 — e —
€ H —
E 4 100 residual = POSmeasured = POSreference
<3 ]
K] z_w_ 80 = residual vs. slope (reference track)
=]
! T
= 60 . .
0 = linear fit
-1 40
-2 Entries 31571 H . _ .
s x2/ndf 01.02/95 " Sh|fthc>r|zc>nta| = Intercepts
po 156 +0.004644
” .
pL -0.3548 +0.01902 shiftyertical = slopesit
06 04 -0z o0 02 04 06 °
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Impact of 3D Alignment
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Impact of Zerosuppression and Analysis on Efficiency (M3)
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Signal Fit for APV Readout
APV principle

A
©
2
%’ @ single strip APV readout
trigger @ APV is sampling charge in 25 ns steps
l —H @ charge on strip corresponds to
Y ‘ L A A A H » maximum value of APV signal
> time o _ . .
25ns @ fit signal with inverse Fermi function:
signal fit £) = Po +
e —— 9 = T epllt —p)/pa] P
£ 12000 e po : maximum charge
Q . . ~
g 10001~ fit o pp : turn time (= 50%)
% 800 @ po : rise time
3 600 { o p3 : offset (= 0)
400~ @ 25ns time jitter due to 40 MHz
200 sampling recorded via TDC
C: _yﬂ’extrapolation
N O U S S R I PR e

n time [25 ns]
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pTPC Analysis - Classic Approach

CERN-THESIS-2016-019 (K.Ntekas)

— 6
= 6f
NSW - TDR N
N 2’57
Zyrift o 'T; [
(5mm) > 54
P <t
z ’ ti, X g7
half > L X 3 I
25 mm L ,z v “2;
BEam— ——=

Xhalf b2
ol L il Ll Lo Lo Lyl

66 67 68 69 70 71 72
Position along readout [mm]

reconstruction of position in drift gap
linear with strip time measurement : zs = vyt - (ts — toffset)
S ——
=ts drift
= biased reconstruction if wrong drift velocity is assumed
(e.g. water, air in gas mixture)
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Determination of t,,;q (extrapolated signal time spectra)

earliest and last signal strip time difference per event
=7 1800

2 100 " - 0 1600

g —first strip <

& o ; . 3 1400

& — last strip ]

S | > i & 1200

% 60 ;:ntrles 1593849 E 1000

3 50 | Mean 6.047 E

8 0 |stapev 2320 - 800
30 Entries 1593849 000
20 Mean 9.734 400
10 |stdpev  2.258 200
0 0 5 10 15 20 25

90,6 -04 02 0 02 04 0.60
slope reference track

strip time [25 ns]

@ expected time difference: 106 ns = 5 mm / 47 uym/ns (£ 4.2 timebins)
@ not yet understood differences between timing distributions

@ smaller differences per event
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Correction due to Capacitive Coupling of Neighboring Strips

charge spread due to capacitive coupling between resistive/readout strips

concept simulation

Q applled current pulse
.tran 0 500n 0 10n

l 'W resistive strips
I /
-{‘v'h resistive strips 5 Closyp |c2

[18pcs  Tsp
:Hﬁ‘p\? readout strips
cs'*{

~ 1n

-<-||—!—||-> readout strips
=C13
~— $q =C8

0.29q 0.29q

readout

implementation

loop strips in cluster
loop timebins from signalstart to maximum
loop neighbors from 1 to 3
neighbor charge - 0.29" central strip charge
central strip charge + 0.29” central strip charge
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Impact of Capacitive Coupling Correction
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Influence of Multiple Scattering

MDT residual narrow width [mm]
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Usage of Multiple Scattering - Muon Tomography (L1)
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Strip Signal Properties - M3 at U,y,, = 560 V, Ar:CO, 93:7
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Cluster Properties - M3 at Uypyp = 560 V, Ar:CO, 93:7
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