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Who am | ?

J. Michael Roney

University of Victoria
BABAR Collaboration Spokesperson
Fellow of the American Physical Society
Belle Il Coordinator of e- Beam Polarization Upgrade

Current Collaborations: Belle ||, BaBar, HFLAV

Previous:

Chair, the Belle Il Collaboration Executive Board

Director of Canada’s Institute of Particle Physics

Member of the T2K Experiment - receiving Breakthrough Prize for Neutrino Oscillation Discovery
President of the Canadian Association of Physicists

Chair, Department of Physics and Astronomy, University of Victoria

OPAL Experiment, Tau Lepton Physics Coordinator
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In Four
Sessions...

* Whatis a “Collider”, why do you
care and how do they work?

* The ATLAS pp Collider Experiment
* e+e- Collider Experiments

 Experimental Uncertainties-a
review; What can we expect from
Collider Experiments in the
Future?
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Project approved
in Fall 1993
Completion
scheduled for
Late 1998

First collision
Data actually
collected
May 26, 1999
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Today’s Session...

Discussion of Experimental Uncertainties
What can we expect from High Luminosity LHC

Proposal to Introduce Polarized electron Beams into SuperKEKB

The far future.... FCC-ee
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Uncertainties: General Comments

* An experimental measurementis best described in
terms of a probability density function which
encapsulates a ‘quoted numerical value’ and an
expression of the uncertainty on that value

* This is intended to provide information about the true value
of whatever is being measured

* Uncertainties can often be grouped as to their nature:

* random or statistical in nature
* gystematic

* Much of the work of the experimentalist is dedicated
to understanding and reducing systematic
uncertainties and then to measure the residual
systematic uncertainty
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Experimental Uncertainty is NOT the difference between your measurement
and some ‘established’ value of what you are measuring!!!

History of neutron lifetime measurements
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Experimental Uncertainty is NOT the difference between your measurement
and some ‘established’ value of what you are measuring!!!

Histories of a few
more
measurements...

S284 Particle Data Group: Review of particle properties
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Fig. 3. The "generally accepted values" of the proton mass, the electron mass, and the speed of light, as a
function of the publication date of the compilation used (not done by the Particle Data Group). Data for the
speed of light plot courtesy of E. R. Cohen, Rockwell International Science Center. See the Stable Parlicle
Data Card Listings for references on proton and electron masses.
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Experimental Uncertainty is NOT the difference between your measurement
and some ‘established’ value of what you are measuring!!!

Histories of a few
more
measurements...
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Figure 2: A historical perspective of values of a fow particle propertics tabulated in this Rewsicw as . function of date of
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Two Faces of
Measurement Uncertainty

* An experiment is designed to measure some quantity of
nature using some apparatus/ measuring devices

* Question we put much effortinto is:

HOW DO | KNOW THAT WHAT I’'VE MEASURED IS
ACTUALLY THE THING M INTENDING TO MEASURE?

This is behind the distinction between of ‘precision’ and
‘accuracy’

Precision normally is associated with random errors

Accuracy normally is associated with systematic errors

When | have very precisely measured | Reference value
THE WRONG THING | have a precise e o Acoutaty

but inaccurate measurement. /\

«—* Value
Precision
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Quoting significant figures...

* Number of figures quoted for the measured quantity (i.e. its ‘Central Value’) is
an indication of how well it is known: significant figures should reflect the level
of uncertainty on that central value

EXAMPLE: You perform a measurement of the mass of an electron in the lab by
measuring the charge/mass in an cathode-ray tube and derive a value of:

* Mgectron = 210.9989461 keV where the digits are from your calculation of charge to

mass ratio
* You determine the uncertainty on this to be £0.32 keV
* DO NOT QUOTE: 510.9989461 + 0.32 ITS SILLy

* INSTEAD QUOTE: 511.00 +/- 0.32

* Keep 2 digits in the error — allows for combining your measurement with others

Pirsa: 26070011
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Y “Statistical Uncertainty”

* Can be intrinsic nature of the quantity being measured —

measurements of a quantum system normally involves
considering multiple samples of that system while ensuring
the system itself is unchanged: the randomness is a feature
of nature

Can be a feature of the measuring instruments: e.g.
uncertainties in calibrations that have a random feature

Such random uncertainties characterize an unbiased
spread about the mean of the underlying distribution of the
quantity being measured

Determined by repeating the measurement whilst keeping
everything else in the setup unchanged (i.e. controlled)
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“Systematic Uncertainty”

* Often are features of the measuring instruments:
* e.g. errors in calibrations

* Quantities you need to know to extract the
underlying physics but that are not perfectly known

* Uncontrolled effects...

* UGLY because you often are trying to quantify the
‘lack of control’ of the effects you need to control

* Includes effects that you don’t know you don’t
know.
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Examples of
“Systematic Uncertainty”

1. Ameasurement depends on a precise measurement of some
magnetic field — you calibrate/measure the magnetic field when
setting up the experiment

* By the time you perform your measurement the magnet has warmed up and the
field it generates is different because of e.g. resistance changes in the coil

2. Scanning Tunnelling Microscope measures precise distance between
tTe tip of the probe and the surface via quantum tunnelling of
electrons.

* You calibrate the distance at the start and end of a scan - but if temperature changes
during the scan, the tip-to-surface distance will change

3. Schlieren photography is used to study shock waves and flow of air
around objects via changes in the index of refraction caused by
density gradients in the air.

* This is sensitive to ambient temperature, pressure and humidity
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Reducing
Systematic Uncertainties

* Calibration of instruments —inherent error in those calibrations is a
systematic uncertainty

* Monitoring of the calibration — extrapolations between monitoring times
introduces systematic uncertainties

* Monitoring of environmental variables such as temperature, pressure,
humidity, gas content,... anything that can conceivably (or
inconceivably) affect the measurement - uncontrolled or unmeasured
variables can introduce systematic uncertainties

* Use control studies to prove that what you are measuring is actually
what you think you are measuring and use them to establish a
statement of the ‘accuracy’ i.e. systematic error of the measurement
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In units of particle physics, momentum in GeV/c, |electron
charge| =1, Bin Tesla, r in metres
for relativistic electrons:

p=03Br
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But what if the surveyed radius r’ is
wrong???
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Need to know effect of ‘earth tides’
caused by Moon
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OPERA measures flight time of neutrinos
between CERN and Gran Sasso [taly

RACING LIGHT

By comparing the proton signal at CERN to the resulting neutrino signal at Gran Sasso, the OPERA
experiment was able to calculate the neutrinos’ time of flight as they passed through Earth.

Global Positioning

Put out paper Systom synchronizes —— S
with results - e e
melying B o e B o
neutrinos - Switzerland : UAquila, Italy |
travelling faster =

thanc AT SR s omibe FA0B R ettt

pliditopeelh.

SRRSO, T LA Sy

Neutrinos
B a | e
Detector  Graphite Decay Detector
target tunnel

Pirsa: 26070011 Page 21/106



Pirsa: 26070011

Another example...
superluminal neutrinos

In February 2012, the OPERA collaboration announced two
possible sources of error that could have significantly influenced
the results.

A link from a GPS receiver to the OPERA master clock was
loose, which increased the delay through the fiber. The glitch's
effect was to decrease the reported flight time of the neutrinos by
73 ns, making them seem faster than light.

* A clock on an electronic board ticked faster than its expected
10 MHz frequency, lengthening the reported flight-time of
neutrinos, thereby somewhat reducing the seeming faster-than-
light effect. OPERA stated the component had been operating
outside its specifications.
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Another example...
superluminal neutrinos

Measurement errors

March 2012 an LNGS seminar was held, confirming the fiber
cable was not fully screwed in during data gathering.

Researchers compared the timing data for cosmic high-energy
muons hitting both the OPERA and the nearby LVD detector
between 2007-2008, 2008-2011, and 2011-2012. The shift
obtained for the 2008-2011 period agreed with the OPERA

anomaly

The researchers also found photographs showing the cable had
been loose by October 13, 2011.

Correcting for the two newly found sources of error, results for
neutrino speed appear to be consistent with the speed of light.
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