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Relation between elementary particle physics
and the development of the early Universe

Early Universe: extremly dense - extremly high temperatures (like
In gas after compression in the car engine)

!
|

Gas at high temperatures: molecules and atoms have high
velocities

Collissions between particles in the early Universe:

just like collissions of particles in accelerators
—> Similar processes
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One of the really big questions: why is there a
difference between the number of particles
and anti-particles?

Out of 10 billions of particles and 10 billions of anti-particles in

the early Universe only
1 particle survived!

10.000.000.000 particles 10.000.000.000 anti-particles
1 particle 0 anti-particles
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CP symmetry and its violation

Symmetry operation CP: transforms a particle into its anti-particle

If the two do not behave In the same way — e.g., If they decay
differently - violation of CP symmetry

Since there were equal amounts of particles and anti-particles in
the early Universe, while today the Universe contains only
matter (=particles) and almost no anti-matter (anti-particles)

—> This symmetry is obviously violated!

) \/ory important to understand how and why this symmetry
IS violated.
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Particle physics experiments

Accelerate elementary particles, let them collide -
energy released in the collision is converted into
mass of new particles, some of which are unstable

Two ways how to do It:
Fixed target experiments Collider experiments

L= NZ
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elekiricni potencial

How to accelerate charged particles?

e Acceleration with electromagnetic waves (typical

frequency is 500 MHz — mobile phones run at 900,
1800, 1900 MHz)

 Waves in a radiofrequency cavity: c<c,

elektron

.. Similar to surfing the waves
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KEK-B collider
for electrons and positrons

Belle spectrometer
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Large hadron collider
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Accelerator figure of merit 1:
Center-of-mass energy

If there is enough energy
available in the collission,
new, heavier particles can
be produced.

e.g. LHC, CERN: search for new
particles with m > 100GeV
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Two complementary approaches

Two complementary approaches to search for the so far
unobserved processes and particles: the energy frontier
and the intensity frontier .

Energy frontier : direct search for production of unknown
particles at the highest achievable energies.

Intensity frontier : search for rare processes, deviations
between theory predictions and experiments with the
ultimate precision.

—>for this kind of studies, one has to investigate a very

large number of reactions (“events”) = need accelerators
with ultimate intensity (" luminosity ")

Peter Krizan, Ljubljana



Comparison of energy /intensity frontiers

To observe a large ship far away one can either use strong
binoculars or observe carefully the direction and the speed of

waves produced by the vessel.
Energy frontier (LHC)

®  Luminosity frontier
§ (SuperKEKB)
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Accelerator figure of merit 2: Luminosity

Observed rate of events = Cross section x Luminosity

d—N:LG

dt

Accelerator figures of merit: luminosity L

and integrated luminosity

Ly = | L)t

High luminosity is needed for studies of rare processes.
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Luminosity vs time
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How to understand what happened in a collision?
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How to understand what happened in a collision?

eMeasure the coordinate of the point (‘vertex’) where the
reaction occured, and determine the positions and directions
of particles that have been produced

eMeasure momenta of stable charged particles by measuring
their radius of curvature in a strong magnetic field (—=1T)

eDetermine the identity of stable charged particles (e, u, =,
K, p)

eMeasure the energy of high energy gamma rays

Peter Krizan, Ljubljana



Experimental aparatus

Detector form: symmetric for colliders with symmetric energy beams; extended
In the boost direction for an asymmetric collider; very forward oriented In
fixed target experiments.

lab

cms

S T s

CaE Peter Krizan, Ljubljana




HERA

Example of a fixed target
experiment: HERA-B

Peter Krizan, Ljubljana



Belle spectrometer ol =<
at KEK-B

p and K detection system /\ Aerogel Cherenkov Counter

Lo

Silicon Vertex Detector

Electromagnetic. Cal.
Csl crystals)

8GeVe _—

Y Central Drift Chamber

1.5T SC solenoid
ToF counter
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ATLAS at LHC

Detector characteristics

Width: 44m
Diameter: 22m
Weight: 7000t

Solenoid CERN AC - ATLAS V1997
Forward Calorimeters

Muon Detectors Electromagnetic Calorimeters

ATLAS

End Cap Toroid
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How to carry out such large scale projects
For an experiment in particle physics one needs:
e an accelerator

e at least one detector

These are huge projects, requiring sizable resources
both in funding and in expertize.

—> Large international collaborations: a necessity

However, scientific work in such a large international
collaboration is also a challenge!

Peter Krizan, Ljubljana



Example: Belle and Belle Il detectors
at the e*e- collider, KEK, Tsukuba

KEKB
@M _. Tsukuba-san
. - kekb.jp . z - -

Peter Krizan, Ljubljana


http://kekb.jp/

A little bit of history...

CP violation: difference in the properties of particles and their anti-particles
— first observed in 1964.

M. Kobayashi and T. Maskawa (1973): CP violation in the Standard
model — related to the weak interaction quark transition matrix

Their theory was formulated at a time when three quarks were known —
and they requested the existence of three more!

The last missing quark was found in 1994.

... and in 2001 two experiments — Belle and BaBar at two powerfull
accelerators (B factories) - have further investigated CP violation and

have indeed proven that it is tightly connected to the quark transition
matrix

Peter Krizan, Ljubljana



KM’s bold idea verified by experiment

Relations between parameters TEE T 4 T Reram

~ \ Titter B
0.6 o I 0 \ Toherce -
ol \ Ty

as expected in the Standard ™ N
model g3

- With essential experimental confirmations by Belle and
BaBar! (explicitly noted in the Nobel Prize citation)
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The KM scheme is now part of the
Standard Model of Particle Physics

eHowever, the CP violation of the KM mechanism is too small
to account for the asymmetry between matter and anti-matter
In the Universe (falls short by 10 orders of magnitude ')

*SM does not contain the fourth fundamental interaction,
gravitation

eMost of the Universe i1s made of stuff we do not understand...

matter

dark energy dark matter

Peter Krizan, Ljubljana



Are we done ? (Didn’t the B factories accomplish their
mission, recognized by the 2008 Nobel Prize in Physics ?)

—

e gt ,..,.‘Ii_.(w [ Matter - anti-matter

Gl ladipurs DAk & ]

ol eqetes e -~ asymmetry of the Universe:
KM (Kobayashi-Maskawa)

T et e e s = [TI€CHANISM still short by 10

orders of magnitude !!!



Comparison of energy /intensity frontiers

To observe a large ship far away one can either use strong
binoculars or observe carefully the direction and the speed of

waves produced by the vessel.
Energy frontier (LHC)

4" . Luminosity frontier
¥ (SuperKEKB) _7
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http://www-acc.kek.jp/KEKB/pictures/KEKB_photo/KEKair2005/KEKair2004-04H.jpg

The KEKB Collider

Fantastic performance far beyond design values!

- e (8 GeV) on e*(3.5 GeV)
e Vs = My(4s)

e Lorentz boost: By=0.425
- 22 mrad crossing angle

SCC RF(HER) Belle detector

2 4 _, ““ /
; “1 o el

Peak luminosity (WR!) :

Q\Qﬁ - : 2.1 x 1034 cm2s1

ARES(LER) “ wlines =2x design value
res RF cavity

Q@ — e* source _ _
‘ First physics run on June 2, 1999
Last physics run on June 30, 2010
Lpeak = 2.1x10%*/cm?/s

L > labl
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SuperKEKB is the intensity frontier
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Super

How big Is a nano-beam ? KEKB
~ 3

How to go from an excellent accelerator with world record performance —
KEKB — to a 40x times better, more intense facility?

In KEKB, colliding electron and positron beams are much thinner than the
human hair...

6,~10pum,c,~60Nm

o,~100pum,c ~2pum

... For a 40x increase in intensity you have to make the beam as thin
as 100 atomic layers!

Peter Krizan, Ljubljana



Super
KEKB

: ﬂ Colliding bunches

New IR ><
~

New superconducting
/permanent final focusing
guads near the IP

¥ ' New beam pipe
: & bellows

Replace short dipoles
with longer ones (LER)

' H%%H#H '
I o emiance

Redesign the lattices of HER & Damping ring # S

LER to squeeze the emittance ' 1 ‘

TiN-coated beam pipe Low emittance gun
with antechambers Low emittance

electrons to inject

Add / modify RF systems
for higher beam current

Positron source

New positron target /
capture section

[NEG Pump]

[Beam Channel]



D

Belle IT

Critical issues at L= 8 x 103°/cm?/sec

» Higher background ( x10-20)

- radiation damage and occupancy

- fake hits and pile-up noise in the EM
» Higher event rate ( x10)

- higher rate trigger, DAQ and computing
» Require special features

- low p p identification < spp recon. eff.
- hermeticity < v “reconstruction”

&) Need to build a new detector to

Have to employ and develop very
advanced technologies to build such
an appartus!

_)

TDR published arXiv:1011.0352v1 [physics.ins-det o i

handle higher backgrounds

Event 1
me 90351

BELLE

L.

1Wwem




Belle Il Detector

KL and muon detector:

Resistive Plate Counter (barrel)
=S¢intillator + WLSF + MPPC (end-caps)

EM Calorimeter: ‘» ///7—;

Csl(TI), waveform samp \\ o
Pure Csl + waveform sam . !f

tification
agation counter (barrel)

electrons (7GeV) ng Aerogel RICH (fwd)

-
Beryllium beam pipe
2cm diameter

Vertex Detector
k2 layers DEPFET + 4 |

positrons (4GeV)

He(50%):C2He(50%), S
lever arm, fast electronics




Determine the reaction point
position with a fantastic precision
- extremly delicate elements

—

ikl = = = = -
== S =
= o /-PMOS__NMOS™ BOX (Buried Oxide) :
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Beryllium beam pipe
2cm diameter

Vertex Detector
2 layers DEPFET + 4 |



Tracking charged particles in magnetic
field — measure their momenta

N

\ \f.s \.\

S

7
Central Drift Chaﬁ%&\ . ' ..// L\

He(50%):C2He(50%), Small ce'rf%.Jg. _
lever arm, fast electronics




Use Cherenkov effect: light emitted by a particle faster than velocity of light in
a medium - like a shock wave from a supersonic airplane!

— [ RICH Hit Map, w.r.t. track | el
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Detect electrons and high energy gamma rays by leting
them produce a shower in a heavy crystal

EM Calorimeter:
Csl(TI), waveform sampling (b
Pure Csl + waveform sa \\t\\
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Detect muons: particles that penetrate 1m of iron

KL and muon detector:
Resistive Plate Counter (barrel)
Scintillator + WLSF + MPPC (end-caps +

== barrel)
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Again: this project would not be possible
without a strong international collaboration!




Even a single detector system requires
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Huge data samples @ Belle Il:
We need distributed computing resources

—» Eaw data
—= mdst Data
— mdst MC

dashed inputs for
—_— Hlul:.'l.'_':

PNNL Data Centre
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=
raw data storage
and im]pmma& 2

mdst storage

Fhysics analysis skim

MC production and
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Simulated data campaign in October 2014

Total Number of Jobs by Site

30 Days from 2014-10-04 to 2014-11-03

@ LCG.DESY.de O55501.6

B LCG.KEKZ.jp 368610.1

B DIRAC.UVic.ca 3168321

. B LCG. Pisa.it 207727.9
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O LCG.EMLjp 55037.0

B LCG.UA-ISMA. ua 52817.4

E O5G.MNebraska.us 524876

B LCG.CYFROMET.pI 452649

fisa.it B CLOUD.CC1 Krakow.pl 30480.3
B LCG McGill ca 23976.8

O LCG. Legnaro.it 21145.0

0 LCG.ULAKBIM.tr 17539.0

@ LCG. Toring.it 17436.4

- B SSH.KMIjp 7634 6
G- O LCG. NTU.tw 62052
I DIRAC. Niigata. jp 5279.0

., O DIRAC Yamagata. Jp 1886.1

LCG.SIGNET.si @ OSG.VTus 1466.0
O OSG.FNAL.us BOS.7

B ANY 585.0

LCG.MPPMU.de O DIRAC Tokyo.jp 498.0

- E DIRAC TIFR.in 2430

LCG. Napoli.it B CLOUD.AWS Tokyo.jp 73.0
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The Belle Il Collaboration
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A very strong group of ~600 highly motivated scientists!



SuperKEKB luminosity projection

Integrated luminosity
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Collaboration in numbers...

@ - 600 collaborators
o ~60 institutions (universities and institutes)

e 20 countries

o ~25 different funding agencies (ministries,
agencies)

« Several dramatically different working cultures
e 8 time zones

o 9 different detector systems

How to get organized?

Formally a very loose structure (collaborating
scientists are employed by their home institutions,
the leader of the experiment (spokesperson) is
not a director



Some typical challenges:

600 collaborators = a number of different personalities

~60 institutions (universities and institutes) - each group has its own
leader, and the leader, in turn, has his boss in the home institution

20 countries, ~25 different funding agencies (ministries, agencies)
—> different ways and cycles of funding

Several considerably different working cultures - Japanese work very long
hours, scientists from US are used to fierce discussions

8 time zones - impossible to find a time slot for a phone conference that
would suit everybody — for some it will always be in the middle of the
night...
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Some typical challenges 2:

9 different detector systems - different, sometime conflicting
requirements, different detector preparation methods

Formally a very loose structure: collaborating scientists are employed by
their home Institutions, the leader of the experiment (spokesperson) is not
a director - planning of various aspects of the project cannot be carried
out by the project top management alone; same is true for the task
sharing



Why and how does this
work at all?

In this field of science working in large international research groups has a
half a century long tradition. Large-scale experiments cannot be carried out
even by a single country, let alone by a single research group.

Research groups and individual researchers are highly motivated: they know
that one without the other can not succeed. The success of the whole
collaboration is crucial for the promotion of individual scientists involved in
the project, and for early stage researchers it facilitates the path to a
permanent job...

Such a large international research group is formed on a voluntary basis:
individual groups either join forces in the preparatory phase of the project,
or are in a later stage of the project identified as suitable candidates, and
invited to join.



Success Is not guaranteed...

Caveat: projects sometimes fail:

...sometimes because the physics goal was not well chosen or other
experiments were faster or the relevance of the research faded while the
project was under preparation - not bad, a good lesson for the next
experiment! After all, this is just like in sport, you cannot always win!

...sometimes because wrong people came together - this is not so nice,
and not particularly useful as an experience...



Organisational structures

Clearly, such a group needs some organization to function.
This is a typical structure:

* Spokesperson leads the group (elected for a fixed term,
often renewable)

« Executive board helps in the day-to-day decisions.

 Institutional board: highest body of a collaboration, with
representatives from each of the collaborating institutions.

« Coordinators: physics, technical (detector), software,
computing: coordination of the work of sub-detector
leaders and working group leaders.



Executive Board

Chair : H. Aihara
aihara@phys.s.u-tokyo.ac.jp

Institutional Board

Chair : Z.Dolezal
dolezal@ipnp.troja.mif.cuni.cz

Physics
Coordinator
: P.Urquijo
purquijo@unimelb.edu.au

Spokesperson : Thomas E. Browder

teb@phys.hawaii.edu

Project Manager : Yoshihide Sakai
Yoshihide.Sakai@kek.jp

Software
Coordinator

: T.Kuhr
Thomas.Kuhr@lmu.de

Technical
Coordinator
: Y.Ushiroda
ushiroda@post.kek_jp
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Organisation, continued

Financial aspects are discussed in the Financial board (in
some collaboration this is the job of a Resource committee).

External bodies:

* International advisory committee (at Belle 11: BPAC)
Internationally recognized experts on detectors and
physics topics of the experiment

e Financial oversight panel (FOP): representative of funding
agencies involved in the project

o Scrutiny Committee: a small body of independent experts
from major contributing nations, checks the expenses for
the maintenance and operation.

Rules of how to operate (‘bylaws’) are set by the
Collaboration Board.



Organisation, continued

In most experiments, there are similar structures.

- ATLAS
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(D Super
/O Sum mary KEKB

Belle I

In particle physics, working in large international research groups has a
long tradition. Large-scale experiments cannot be carried out even by a
single country, let alone by a single research group.

Research groups and individual researchers are highly motivated to
collaborate in the team: they know that one without the others can not
succeed. The success of the whole collaboration is crucial for the
promotion of individual scientists involved in the project.

Still, some organizational structures are needed to steer the project.

At KEK in Tsukuba a major upgrade is under way since 2010, to resume
operation in 2016 -> SuperKEKB+Belle 11, with 40x larger event rates.

Expect a new, exciting era of discoveries, complementary to the LHC



More slides....

Peter Krizan, Ljubljana



Stablility of acceleration

eFor a synchronous particles (A): energy loss = energy
received from the RF field

A particle that comes too late (B), gets more energy, the
one that is too fast (C), gets less =

Um Sollelektron

phaseninstabiles phasenstabiles
Gebiet

----------

S A *OK If particle

VT Y ~ in phase—>
!,zt spa'fe:{ “ \/ \/

stable orbit
Elektron

Not OK If too
far away

Zu frahes”
Elekiron

Peter Krizan, Ljubljana



How to understand what happened in a collision?
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Search for particles that decayed close
to the production point

How do we reconstructing final states that decayed to several
stable particles (e.g., x1, x2, x3), X 2 x1 x2 x3?

From the measured tracks calculate the invariant mass of the
system (i= 1,2,3):

M=/ E) - p)°

The candidates for the X =2 x1 x2 x3decay show up as a peak in
the distribution above (mostly combinatorial) background.

The name of the game: have as little background under the peak
as possible without loosing the events in the peak (=reduce
background and have a small peak width).

Peter Krizan, Ljubljana



How do we Know it was .| :
precisely this reaction?
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background’)



Two complementary approaches to study shortcomings of
the Standard Model and to search for the so far unobserved
processes and particles (so called New Physics, NP). These
are the energy frontier and the intensity frontier .

Energy frontier : direct search for production of unknown
particles at the highest achievable energies.

Intensity frontier : search for rare processes, deviations
between theory predictions and experiments with the
ultimate precision.

—>for this kind of studies, one has to investigate a very
large number of reactions (“events”) = need accelerators
with ultimate intensity ("luminosity ")



An example: Hunting the charged Higgs
In the decay B- 2 1t v,
In addition to the Higgs particle discovered at the LHC in 2012, in

New Physics (e.g., in supersymmetric theories) there could be
another one — a charged Higgs.

The rare decay B- - 1~ v_is in SM mediated
by the W boson

In some supersymmetric extension it can also
proceed via a charged Higgs

The charged Higgs would influence the decay of a B meson to a
tau lepton and its neutrino, and modify the probability for this
decay.

Peter Krizan, Ljubljana



Missing Energy Decays: B 2> 1t v,

Exp 33 Run 678 Farm G Event 1707483

Eher 0.00 Eler 0.003 Mon Feb 8 17z55z46 2004
BELLE ' :
Ptot(g 0.0 Etot(qg 0.0 SVD—M 0 CDC—M O KLM-M 0O

Bt — Dzt
(—> K?T_‘Tl‘+71‘_)

B~ — 17(— evip)v . W s 5 i

By measured the decay probability (branching fraction) and
comparing it to the SM expectation:

—> Properties of the charged Higgs (e.g. its mass) Peter Krizan, Ljubljana



All experimental studies combined...
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Relation between the Super B Factory
and the LHC

e Physics motivation is independent of LHC.
— If LHC finds NP, precision flavour physics is compulsory.

— If LHC finds no NP, high statistics B/t decays would be a unigue way
to search for the >TeV scale physics (=TeV scale in case of MFV).

Peter Krizan, Ljubljana



Super

How big Is a hano-beam ? KEKS
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RL Lumi. reduction factor

- (crossing angle)&
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N 5 '?
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(2) Increase beam currents «
(3) Increase ¢,

Collision with very small spot-size beams

Invented by Pantaleo Raimondi for SuperB



(fb™)
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