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Estimation of S/N,;

Test beam data Fit of signals and fit parameters plots;
Test beam data cross-talk;
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Test beam data detector efficiency;,
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What is g?

The g-factor dictates the relationship between momentum

and spin, telling us something fundamental about the particle
itself (and those interacting with it): 1= %5

In a classical system g=1,; elementary particles such as
electrons, as predicted by Dirac, should have g=2.

A large discrepancy between the theoretical prediction and a
measurement of the hydrogen hyperfine structure was found out
by Schwinger-—+ the classical result differs from the observed
value by a small fraction of a percent.

Radiative corrections are due to the fact that space is never

empty a=972.% 00011614
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What about muons?

Muons are produced from the interactions between an energetic
proton beam and a target. The proton collisions produce pions,
which decay into muons. The muon beam produced can be
100% spin polarised.

After an average lifetime of 2.2 ys, a lifetime long enough

to guarantee an easy way to make sample production, each
muon decays and emits a positron. The decay positrons are
preferentially emitted in the muon spin direction.

The prediction for the value of the muon anomaloys magnetic
moment includes three parts: M

SM QED had EW u . et
a =a +a +a + ... w
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How to measure g? The g-2 experiment

Put polarized muons in a magnetic field
and measure precession frequency
Get muon spin direction from decayed
electrons.

« a4, ~ difference between precession

frequency and cyclotron frequency
eB
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The straw tracker

Track the trajectory of the decayed positrons;
Get information about the muon beam from this trajectory.

N

The preliminary design is an array of straw tubes with
alternating planes oriented 7.5° from the vertical direction.
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The straw tracker

We refer to the plane with negative slope as the U plane and the
plane with the positive slope as the V plane with respect to the
radial-vertical plane.

Straw tubes are constructed with a single anode wire centered in
an aluminized plastic tube forming the grounded cathode.

The required number of planes, along with the need to minimize
multiple scattering —» gas based detector.

The requirement to place the detector in vacuum -+ straws:

they can hold the differential pressure with minimal wall thickness.
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The straw tracker

In order to minimize multiple scattering, g-2 muon storage
volume is evacuated

8

\
WL /
Straws are made to work at 1800 V
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Straw parameters

Wall Aluminized
Material Mylar
Wall
thickness 15pum
Wire Gold plated
Material Tungsten
Wire
diameter 25 um
Straw length 10 cm
Stereo +7,5° from
angle vertical
Operating 1800V
Voltage
3£ Fermilab
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The choice of gas mixture

The choice of the drift gas that has to fill the detector, between
the wire and the walls of the straw, is guided by gain,

efficiency, convenience and economic reasons.

The typical mixture is composed by a noble gas, that is the main
component and a quencher, which will of course slightly
Increase the threshold voltage.

The first one is chosen because avalanche multiplication occurs
In noble gases at much lower fields than in complex molecules;
the choice naturally falls on Argon.

The second one target is to absorb X rays coming from Argon
lons that hit the walls of the straw and excites the atom of the

wall.
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Entries
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Gas mixtures: ArCO2 and ArEt plateau curve with °° Sr source

Entries vs High Voltage ArCO2

Breaks down
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High Voltage [V]
ArCO2:
* not flammable;
* cheaper;
* doesn’t work at high gain.
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Entries
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ArEt:
» works better at high gain;
e flammable.

No turn over at all

Entries VS High Voltage ArEt

Different measures
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Gas mixture: ArCO2 ; Source: °>> Fe —— estimation of S/N

The characterization of the performance of the straw tube
detector goes through the estimation of the gain:

» First step: determination of the threshold that corresponds to
half of the rate using the intercept of the fitting line;

» Second step: determination of expected charges using the
calibration curve and the extrapolated thresholds (at 50%).

Entries vs thresholds HV=1300V ArC0O2 Charges VS High Voltage
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Gas mixture: ArEt ; Source: °>° Fe —— estimation of S/N

Entries vs thresholds HV=1800V ArEt Charge VS High Voltage outside
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Gas mixture: ArEt ; 120 GeV proton beam, estimation of S/N

The characterization of the performance of the detector goes on with test
beam data taken from the 120 GeV proton beam.
The goal of this section is the estimation of the ratio S/N looking at time

differences between hits (for the moment we're considering just ult and u2t).
dt run 404 thr= 300 mV

” h100
o B Entries 749893
25000 Mean 0.7931
Gaussian and flat noise fit (h RMS 267
20000 — : . .
— ' p1: normalization of signal
15000 —
% p0: normalization of noise
;—- — = = =
BO0OObE——1 ¢+ v I v v v v v v v b b v b b o b by
500 -400  -300  -200 —100 0 100 200 300 400 500
ult-u2t [ns)
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Gas mixture: ArEt ; 120 GeV proton beam, estimation of S/N

A raw estimation of S/B is given by ArEt HV=1700 V runs, combining a
gaussian and a flat fit:

» run 401, thr=1000 mV %%

> run 396, thr=700 mV S 34

> run 395, thr=600 mV b s, 46

» run 392, thr=500 mV B %z 4,07

We should underline that these ratios are not really good in comparison with
the ideal ratio, but this time we have to consider the fact that we are not using
the maximum operating voltage.
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Gas mixture: ArEt ; 120 GeV proton beam, estimation of S/N

p0 VS Threshold with HV=1800 V

p1 VS Threshold with HV=1800 V
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Gas mixture: ArEt ; 120 GeV proton beam, cross-talk

16

The further step was the research of cross-talk between
electronics channels, that is the cross-talk between near
capacitors. We should analyse two different cases:

» adjacent straw of the same layer CY )
» adjacent straw of different layers " 1@
We estimated fit parameters in two different configurations:

p11/p12 VS Threshold with HV=1800 V
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Gas mixture: ArEt ; 120 GeV proton beam, cross-talk

Since these ratios are almost constant, within their uncertainty,
we can conclude that, despite of a high occupancy in the beam,
there is no real indication or evidence of cross-talk.

p10/p11 VS Threshold with HV=1800 V
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Gas mixture: ArEt ; 120 GeV proton beam, cross-talk

If we consider the normalizations of the noise, p00/p01, we have to note that
the background goes down when we increase the threshold; so we can
assert that we have noise in both straws but they are not correlated; this
could be an indication of the fact that background is really background: our
data represent real particles.

p00/p01 VS Threshold with HV=1800 V
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Gas mixture: ArEt ; 120 GeV proton beam, simulation

In order to understand if our results were good, we used the tracker test
beam simulation that is characterized by:
» alm to use same tools as for the real experiment;

» setting up analyses and reconstruction in art for use on both simulation
and real data.

The straw track reconstruction consists of setting up a track finding algorithm

for the tracking stations. Simulation curve 155
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Gas mixture: ArEt ; 120 GeV proton beam, detector efficiency

The first point we have to consider to evaluate detector
efficiency is that we should have data in all our layers; data
guality looks good and we have data in all devices.

Channel (wire, global layer) of hit

h_digitWireGlobalLayer
Entries 434480

Mean x 11.94
“~_ |Meany 1.283
“1RMS x 3.567

. |RMS Yy 1.081

O U layer

V layer
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Gas mixture: ArEt ; 120 GeV proton beam, detector efficiency

The plot on the bottom, p1/p0 plot, looks really good because its
meaning is that we are killing more noise than signal.

PO VS Threshold with HV=1800 V (view 1) p1 VS Threshold with HY=1800 V (view 1)
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Gas mixture: ArEt ; 120 GeV proton beam, detector efficiency

We want to estimate the efficiency of the detector considering 4 straws; this
goal is reached looking at time differences between U layers and V layers.
The value that is estimated through the simulation is plv ~1,47

We should underline that the fact that the efficiency is Blrueater than 1 is not a
mistake, but it is due to the multiple occupancy of the layers.

p1v/p1u VS Threshold with HV=1800 The simulation was set in order
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Gas mixture: ArEt ; 120 GeV proton beam, 3 layers f'

R ratio (u1t-v1t) VS Threshold
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ArEt

O U layer
O V layer

»ArCQO2 efficiency is much higher
than ArEt one; this feature

.O ulayerfepresents an unexpected behavior

O V layer

ArCO2

and it should be investigated more
deeply;

»the fact that the efficiency is
greater than 1 is not a mistake, but
It is due to the multiple occupancy
of the layers;

»~itIs good that in “ArEt ratio” plot
efficiency decreases with

(O viyedncreasing thresholds;

O V laver

»the fact that ArCO2 efficiency is
almost constant is probably due to
the almost constant number of
entries we have with every

threshold.
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Gas mixture: ArEt ; 120 GeV proton beam, 3 layers
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U layer

O
@
O } V layer

» ArCO2 efficiency is
almost equal to ArEt one;
»we really don't
understand why the
efficiencies are so bad:
there should be
something wrong with V
layers.
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Conclusion

The most important purpose of my work was to characterize the
performance of the tracker detector testing two different gas mixtures,
ArCO2 and ArEt.

ArCO2:

»breaking down point in the plateau curve;

»the S/N ratio is higher than 7:1 looks pretty good;

»efficiency is much higher than ArEt one (right configuration);
»efficiency is almost equal to ArEt one (wrong configuration).

ArEt:

»Nno turn over at all in the plateau curve;

»although it is good that the ratios S/N outside and in the vacuum chamber
are comparable, these ratios are about 3:1 supposed to be better;
»good that in “ArEt ratio” plot the efficiency decreases with increasing
thresholds (right configuration);

There is no real indication or evidence of cross-talk.
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Any question?
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THANK YOU

for your

ATTENTION!
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Backup

ASDQ threshold calibration
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Gas mixture: ArEt ; 120 GeV proton beam, estimation of S/N

p0 V8 Threshold with HV=1800 V p1 VS Threshold with HV=1800 V
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