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Why are we here??
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Why are we here??

If E = mc? true and all mirror symmetries unbroken:

a) The Martians would rule the Earth
b) | slept through that part of class

c) We wouldn’t be here

d) The universe would be full of turtles
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Why are we here??

c) We wouldn’t be here
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e 40TeV vs 14 TeV (LHC)
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Big and Small

imaging TOP (iTOP)

Concept: Use best of both TOP )
(timing) and DIRC Drawings by Marc Rosen (UH)
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= Our Work @ Discovery Frontier
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New/Immediate Projects

High intensity
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We need you! (for new measurements)

v expts accel, reactor,
g,-2, u—ey, etc.

/

v mass and mixing,
CPV, and LFV

UHE neutrinos

LHC, ILC

Higgs boson mass
and couplings. New
particle searches

Quark sector

t LFV, Flavor mixing,
T CPV | CPV phases

Super B Factory,
LHCDb, BESIII, Rare K expts
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Physics Goals

» Discovery experiment for “BZ” neutrinos, created
by the so-called GZK process

» Uses the entire Antarctic continent as a detector!
» Best near-term chance to observe neutrinos from
earliest universe

« 3" (final) flight in December 2013

balloon at ~37km altitude
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ANITA3 —ID Lab

Our Developments

New SURF & TURF

* Rebuild “space flight” readout instrumentation
(half a decade old technology)

* Threshold limited — new trigger ASIC (RITC)

* New digitizer (LAB4) to go to longer waveforms
* “going for broke” — ARA is successor
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How rare Is rare?

If | have a 1km-size
detector, how long
would | have to walit to
see 1 “GZK” event ?
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e Cherenkov cone
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a) A couple of weeks

b) A couple of years

c) A couple of centuries

d) Not since the last ice age

e) Not in the lifetime of the universe
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ANITAS

How rare Is rare?
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Askaryan Radio Array (ARA)

Physics Goals

e Gusev and Zheleznykh proposed in 1983!
» 100’s of km3 volume at GZK nu range
* Inexpense extention to IceCube
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ARA — ID Lab

IRS, IRS2, IRS3 ASIC Our Developments

* ANITA trigger/digitizer electronics - to ARA
« “array crossing” waveform sampler (IRS)

* Built “testbed” almost 4 years ago....
 Finally deployed in January, taking data

e First “station” January 2012 — needs work...

State of the Instrumentation Dev. Lab -- May 2012



Bremsstrahlung x-rays: UH FEL

50MeV max. (40MeV typ.)

Target: - 8
Thin o © o T
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Free Electron Laser - just downstairs
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Who invented the Free Electron Laser?

John Madey
Joe Blow
Mittwellian Romney Il
Lord Kelvin

Robert Byer

Eugene Stanley
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a) Prof. John Madey

He received the Robert R. Wilson prize last month
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Free-electron laser

From Wikipedia, the free encyclopedia

Read Edit

View histc

A free-electron laser, or FEL, is a laser that shares the same optical properties as conventional lasers such as emitting a beam consisting of coherent electromagnetic
radiation which can reach high power, but which uses some very different operating principles to form the beam. Unlike gas, liquid, or solid-state lasers such as diode lasers,
in which electrons are excited in bound atomic or molecular states, FELs use a relativistic electron beam as the lasing medium which moves freely through a magnetic

structure, hence the term free electron.!"! The free-electron laser has the widest frequency range of any laser type, and can be widely tunable ' currently ranging in

wavelength from microwaves, through terahertz radiation and infrared, to the visible spectrum, to ultraviolet, to X-rays.™

Free-electron lasers were invented by John Madey in 1976 at Stanford University. The work emanates from research done by Hans Motz and his coworkers who built an
undulator at Stanford in 1953 using the wiggler magnetic configuration which is at the heart of a free electron laser. Madey used a 24 MeV electron beam and 5 m long wiggler
to amplify a signal. Soon afterward, other laboratories with accelerators started developing such lasers.

Contents [hide]

1 Beam creation
2 Accelerators

3 X-rayuses

4 Medical uses

5 Military uses

6 See also

7 References

8 Further reading
9 External links

Beam creation

To create a FEL, a beam of electrons is accelerated to almost the speed of light. The beam passes through the FEL oscillator, a periodic transverse magnetic field produced
by an arrangement of magnets with alternating poles within an optical cavity along the beam path. This array of magnets is sometimes called an undulator, or a "wiggler”,
because it forces the electrons in the beam to follow a sinusoidal path. The acceleration of the electrons along this path results in the release of photons (synchrotron
radiation). Since the electron motion is in phase with the field of the light already emitted. the fields add together coherently. VWWhereas conventional undulators would cause the
electrons to radiate independently, instabilities in the electron beam resulting from the interactions of the oscillations of electrons in the undulators and the radiation they emit
leads to a bunching of the electrons, which continue to radiate in phase with each other ™ The wavelength of the light emitted can be readily tuned by adjusting the energy of
the electron beam or the magnetic field strength of the undulators.
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TEDA —ID Lab — FEDDX, STURM2

cPCI crate (control room)

ASICs
Detectors

card

. CPU

Front-end| Master Giga-bit
Module | Module Fiber links
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e

Master module



Large Area Photodetector

Project goals

* Photomultipliers still built on vacuum tube
technology

* CRT - flat panel screen transition

* Integrated readout electronics

» Necessary for next generation (large) detectors

t"l: asgag = aEsasas -see aas
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Micro-channel plate

input photons For our 8” plates, how many holes?

Photocathode

G

A\ L\.! a) Afew thousand
= node b) Afew million

c) A few hundred million
d) A few billion
croacout e) A few gazillion

f) I never learned to count
State of the Instrumentation Dev. Lab -- May 2012




Belle Il — ID Lab

Qu -
n = 1471 (@r=390nm)

Our activities P - v
~2850mm : . Subdetector Readowt Module *}; |
» Electronics architecture L5 ﬁ: :
* iTOP readout =N =
* Scin strip KLM readout = e

Z _ilu'l_"]

« KEKB nanometer beam

Clock/Event Timing Dastribution

Belle Il
S e o

ey
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iTOP—IDLab ...

Our activities

Giga—bit Fiber
Transceiver Links

waveform
sampling ASIC

1”’14 Tnmlng — T .
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and ‘v I ] O T
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8k Chan eIS 2 ggegglature extract (subdet. specific) Clock/Event Timing Distributio
1k 8-ch. AQNICs DAQ transport protocal
AA [IIRM “hnard b§tacrlk: Clock Jltter N E
cleaners

FTSW clock,
trigger,
programming
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KLM Scint. Readout

~ few ns timing, 3D trigger

36 FINESSE
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a-bit | [FINESSE
Transceiver Links -

Subdetector Readout Module

N ASICs

T FPGA

1.25k 16-channel L

or ADCs

avefo rm Sam p I I n g On or in Detector
(TAR G ET) AS I CS FPGA firmware consists of’ 3 parts:

13 ASIC/ADC dniver (common)

112+32 S R M 2) Trigger/leature extract (subdet. specilic)

3) Unified DAQ) tranenart nrataenl

Global Decision Logic

Clock/Event Timing Distribution
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Got fiber?

COPPER

Giga—bit Fiber
Transceiver Links

~ [[FINESSE

Subdetector Readout Module
ASICs

Global Decision Logic

On or in Detector

N

N FPGA firmware consists of 3 parts:
§ 1) ASIC/ADC driver (common)

I\ 3 2) Trigger/feature extract (subdet. specific)
) “‘J N . 3 3) Unified IDAQ transport protocol

Clock/Event Timing Distribution
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How much data?

AtL=8x10%cm™?/s:
* Pipelined readout:

80 Tera-bytes per second!

60 Giga-bytes per second!

300-500 Mega-bytes per second!

State of the Instrumentation Dev. Lab -- May 2012

High Luminosity B-factory

128k channels equiv., 40MHz x 2bytes

(2,000 DVDs per second)

Global Decision lt!rgic trigger: 30kHz
* FIFO: 128k channels equiv., 16 bytes

(200 GbE links)

COPPER, online Farm

(max_data rate to disk)
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Manpower needed...

Lmax.2800

KLM/ITOP CRT readout system (full quadrant test of muon system) g

N =

2005 8 Lzu
i

3208

!;

ITOP beam test --> boards and board test plan

P

|
[512 channel system = 4x 128ch] o |-

XFEL Fermionics readout [64 channels]
mini-Time Cube [12x 64-channel tube readout minimum?]
fDIRC2 readout [14x 64-channel tubes]

ook w
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8” ceramic LAPPD PMT [72 channels] = s




Milestones and Opportunities
B —

e Belle Il —ITOP/KLM by 2014, pixel upgrade thereafter

e Disruptive technology: LAPPD (Detector dev center — ANL)
e ANITA 3 Flight next year = active R&D (ASICs, trigger...)
 New initiatives: ARA Test bed installed, year 2 & 3

e Great opportunities — life cycle of a university
— Jr./Sr. research projects (EE 399/499, PHYS 499)
— Directed study/NASA Space Grant/REU (Japan/Antarctica)
— Publications (NIM/IEEE/JINST ...)
— Board/firmware/chip design (PHYS476)

— Many designs in queue; IRS3B, STURMS3, GRAPH...
e Design, layout, simulation and test opportunities

e
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