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Drift Chamber Geometry

We simulate the full-stereo drift chamber with the
parameters, close to that proposed by F. Grancagnolo:
https://indico.ijclab.in2p3.fr/event/4902/contributions/17030/at

tachments/13603/16389/SCTFEDrift Chamber.pdf

R;,, mm
Roue, mm
Length, mm
Cell shape
Cell size
a, rad
Stereoangle ¢, rad
Nsuperiayers
Layers in superlayer

Gas

Nsignal wires

N field wires

Parameter Value

200
800
1800
Square
~7-9 mm
/6
~60-220 mrad
8
8

90% He — 10% iC4H1o from proposal of *
21824 F. Grancagnolo:

~5 X Nsignal wires

AP
g\
Z
+ stereq .
*  ‘Zipping”
o * layers
o x ¢ X
. F. L
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https://indico.ijclab.in2p3.fr/event/4902/contributions/17030/attachments/13603/16389/SCTFDrift_Chamber.pdf

Drift Chamber Geometry
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Geometry

The geometry of drift chamber
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Number of electrons

Simulation of lonization Clusters

. . . . . 17p]
On the spiral stretched between the beginning and the ending points of the 3%
GEANT4 hit (G4Step) we generate the ionization clusters until their total %5300~
. ()] -
energy exhausts the hit energy oy
: A Hivsi + + + + + 5 -
The cluster energies are generated individually for e*, u*, ©*, K*, p* 5200
according to their momentum-dependent cluster energy spectra, obtained 153150*
from Garfield++ for He:iC4H10 90:10 mixture >
100 —
Garfield predicts the average energy, required for single electron-ion pair sok
production W = 29.52eV and Fano factor F =0.19. For the generated b
cluster energy E.; the average number of electrons in cluster is E.;/W and the 0
fluctuation is \/FE /W
asof muons, 200 MeV/c gsso _pions, 200 MeV/c §350ikaons, 200 MeV/c g
F = 2 2350
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Simulation of

lonization Clusters

The difference between the
cluster energy spectra for
different particle types appears to
be very small

The momentum dependence of
the cluster energy spectra for
give particle type is also small

The major dependence on the
particle type and momentum is
seen in the number of ionization
clusters per unit length

Probability density

o

0

Average cluster size

o o o' o o
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y, mm

Association of Clusters with Wires

« At the first step of digitization each ionization E
cluster is associated with the closest signal wire

For this purpose the
coordinates to the z=0 plane is performed

reduction of cluster

€ 700

lonization clusters

triggered wires
. (reduced at z=0
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coordinates
coordinate frame
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Association of Clusters with Wires

After the cluster-to-wire association the cluster

are translated to the wire
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Simulation of avalanches with Garfield++

//
' Initial electrons

/ (AvalancheMicroscopic)

—_— lons

(AvalancheMC)

TrackHeed



Determination of the wire high voltage

« The attainment of the desired signal/noise ratio requires the average avalanche gain to be few 10°

 The average probability Ppenning Of the Penning/Jesse energy transfers for the mixtures with helium is unknown (we
didn’t find any data), so we scanned over this parameter

* We have chosen the HV=1650 V to be a working point, the Ppenning IS fixed at 0.3 in further studies. The average
gain in this case is 3.6 - 10°

« From the fit of the gain spectrum with the Polya distribution we obtained the parameter of the latter p = 0. 69

« At the given working HV by averaging the signals from many avalanches we determined the characteristic signal
decreasing time t, = 1.08 ns

x10%. )
42 1601 Wire HV = 1650 V -% " Wire HV = 1650 V / S [ Wire current
Q>J 140 I:’penning=0'3 o 5001 e Cti0.0_/':
o | Polya p.d.f.: f(x)~x"eP*1* T / T 0.06
"6 120 -0.69 © B 9 TE
- p=0. ; o 400 - 5 4051
@ 100 Average gain ~ 3.6*10 > | s O 005
@) <L L A ¥
£ 80 300F_+- 0.04} e
Z 14 0 03§_ Fit with I(t)=1 /(1+t/t )
60f, 200( T t,=1.08 ns
40 E 0.02-
100f i
20 0.01~
Owwu\\\u\\\u\\\\\\\\\\\\ X103 0(;“6.‘1“‘02‘”(‘)3“‘64‘-H65H|66‘H‘07‘H68‘H‘09 :|\|\|\|\\\|\\\\\\|\\\|\|\|\|\\\
0 200 400 600 800 1000 1200 1400 ' ' ' ' ' ' ' ' ' 0 2 4 6 8 10 12 14
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Simulation of iIsochrones

« We obtained from Garfield++ the isochrones for 10 x 10 mm? 2D square cell and use them as the first
approximation for all cells
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Wave form scan

« The waveform for all wires is scanned with 2 GHz frequency (for cluster counting)

« The signal shape is provided by the V.M. Aulchenko, signal/noise ratio is estimated to be ~1/8

S o Muon, p =1 GeV/c
© Measured wire amplitude, z>0
35— Measured wire amplitude, z<0
=
a4
E -
< 3— Time shift due to the left-right
= propagation time difference
2— J/
1=
0
| | | | | | | | | | | | | | | |

| | | | | | | | |
80 100 120 140 160 180 200 220
t, NS



Wave form scan

» The charge integration starts from the discriminator threshold (50,,ise) Crossing

> 4=—Muon,p=1GeV/c Measured wire amplitude, z>0
© e "True" avalanche signals
O -
2 E integration fort ___ ~350 ns |
6.2-5:— . — rift max. ' ~.
c = discriminator
< 2— threshold (56 ) |
15— !
1— bl
— \ A\ | l ~
0.5 /]
_05F— | | | |
50 200

t, NS



Reconstruction of the wire hit via the charge division

« z —coordinate of the hit on wire is reconstructed via the charge division formula, taking by default
Rin,amplifier = 373 Q, pyire = 0.112 Q/mm
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«Reconstruction» of hits using the Monte-Carlo truth

In order to bypass the track searching algorithm, we use the Monte-Carlo truth (MCtruth)

We select the ionization electron with the smallest drift time in the cell (tfst¢1), @ssuming that it causes the wire
triggering
We place the hit on the isochrone (assumed to be circular), corresponding to the tf..; ¢, IN the point where the

tangent to the isochron is parallel to the direction of flight of the particle, known from the MCtruth (the latter will also
be known from the track searching algorithm)

170 T
160 — ;"'h@“.' - .@ e @ - o

50 B | | @ @ = @%@ ‘

140 ionization ~ / | o e first

"~ clusters S
. : -electrons

130 isochrone

120 T
triggered wire
110

100

@

90

JII‘\XI\‘\I\\‘II\I‘I\lI‘I\I\‘II\\‘\I\I‘\ II‘

\ |
480 500 520 540 560 580 600 62 640 660




Riemann circle fit

* We use the Riemann fit as the pre-fit for the forthcoming fit with Kalman filter

The hits in the transversal Xi =Y,
plane are mapped on the

. Vi =U;
surface of the circular 5 N
: Z: =U. + U
paraboloid i Y i

The circle on plane maps to the ellipse on the
paraboloid, which is the intersection of some
plane n'# + ¢ = 0 with the paraboloid

(u—ug)” + (v — vy)* = p

2 2

0o~ Y

The fit is performed by the minimization of
the cost function § — the weighted sum of
squared distances from the mapped hits to
the fitting plane

z—2xu0—2yuo=p2—u

N N
2 2 _
i=1 i=1

! A‘ﬁ’ j"
i

LI+
Wepassssess

f,g;




Rlemann C|rcle fit

* The calculation shows that the uncertainties a
of the distances from the mapped hits to the
fitting plane are actually the uncertainties of
the distances from the hits in xy —plane to the
fitting circle

ionization clusters

e To estimate this uncertainties we calculate the
hit covariance matrix

e Ox,YyZ, - the coordinate system with 0Oz,
parallel to given wire and Ox,, is parallel to track
direction in the PCA to the wire. In this frame

520 0] redo
oV, Yo 2) = |0 GF O 5y
0 0 o? VAR isochrone
- Z- /' /Hit position i+

6% = 0.010; - small factor introduced to make
the covariance matrix positive-definite

2 _ 2 2 \
Op = Jdif fusion + Oclusters

Oclusters = A - Sin(atan(B/tdiffusion)), A, B —tunable parameters

possible spread‘-l.ii_'




Riemann circle fit

e Uncertainty propagation to the lab system is done via the Jacobian

COSP,, COSP¢yr — SINY,,SINP-COSE  —COSP,,SINY¢, — SINY,,COSP-COSE  —SINP,, SINE
] = |Sing,,coSP¢ + COSP,,SINPCOSE  —SINQ,, SINP¢- + COSP,,COSP-COSE  COSP,, SINE

—SINnQ¢-SINE

—COSP¢p-SINe

coS€

where @,, - wire azimuthal angle at z;;;, @-=@+ — @y, @4 - azimuthal angle of track at z;;, € - stereo

angle

Oxyz - the lab coordinate system: cov(x,y,z) =] - cov(xy, Vuw, Zw) * J |

* Uncertainty of the hit distance to the track circle in xy-plane:

2

— cin?2 2 .
Ofir = SIN“ Q¢ - COV(X,Y,Z )11 + €COS“Qry - COV(X,Y,Z )gp — 2SINQ-COSPey + COV(X, Y, Z )12

. e . . . =T = - N -
« The minimization of cost function S gives the value of ¢ = —nTrO, where 7y = ),;oq W;T;

« Then the normal to the plane n is obtained as
the unit eigenvector of the sample covariance
matrix A , corresponding to the smallest
eigenvalue (<= principal component analysis)

N
A= Z w;(r; —ry)r; —ry)’
i=1

Finally, the obtained
parameters of the
plane are mapped
back to the parameters
of the fitting circle

}’ll I’l2
Uun =— ——m VD = — —
0 2”3 0 2”3
\/1 — ng — 4cng
= 2”3
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> 20

Riemann circle fit
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Line fit
* To determine the cot(f) and zpc, of the track we perform simple weighted least squares line fit of the
hits in sz —plane. For simplicity, only the uncertainties on z are taken into account
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Fit results: many tracks
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Plans

Learn more about the practical ways of the hit reconstruction in the stereo geometry (we are
still noobs here)

Track fit using Kalman filter (GenFit or ACTS)
Development of the algorithm of track finding
Vertex reconstruction using RAVE

Kinematic fit with TPC & Calorimeter

Wave form analysis, cluster counting & cluster timing



