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QGMIHOQ Ve@@Oo1|g TOV Wilson Positron discovery

e Positron (anti-electron)
» predicted by Dirac (1928) -- needed for relativistic
Cloud chamber quantum mechanics
« Container filled with gas (e.g. air), plus vapor close s existence of ﬂnfipﬂrTiC]ES doubled the number of known

to its dew point (saturated) PCIFT!CIESI”
= Passage of charged particle = ionization;
» Ions form seeds for condensation = condensation
takes place along path of particle = path of
particle becomes visible as chain of droplets

Cloud Chamber Reveals Tracks
of Charged Particles

Track ol Slopping
Alpha Particle

Rarlioactive
Source on Pl

Condensing Layer
of Alcohol

i Dry Ice

= positron track going upward through lead plate

+ photographed brl Car| Anderson (August 2, 1932),
while photographing cosmic-ray tracks in a cloud
chamber

+ particle muvin? uﬁwurd, as determined by the increase
in curvature of the top half of the track after it
passed through the lead plate,

+ and curving to the left, meaning its charge is positive.

| .
© Copyright California Institute of Technology. Al rights reserved.
Commercial use or modification of this material is prohibited.




e NEUTRON DISCOVERY

General Chemistry Case Studies

Aviyvevtc loviopov HHapaAiniov [TAakov
Nctaer Chasistry YNUo TOAD UIKPO Yo aviyvevon, ypetdleton evioyvon

Discovery of the Neutron (1932)
Dr. Frank Settle

| Study Index Comoapt Msp Owwkpng Knoatedge  Compratwrmcn  Apdicaban  Easlusion  nelrecor Gaice  Lne V: -VO CATHODE

The story begins in 1932, with the discovery of the neutron by Sir James
Chadwick, an English physicist. _ Q

Until 1932, the atom was S
known to consist of a positively 0
charged nucleus surrcunded

by enough negatively charged

electrons to make the atom

electrically neutral. Most of the

atom was empty space, with

its mass concentrated in a

tiny nucleus. The nucleus was V_O
thought to contain both -

protons and electrons

because the proton (otherwise A N O D E
known as the hydrogen ion,

H*) was the lightest known Facuum

nucleus and because electron: n

were emitted by the nucleus

in beta decay. In addition to

the beta particles, certain | |

Sir James Chadwick (Courtesy of the radioactive nuclei emitted
American Institute of Physics) (left), Lord positively charged alpha
Rutherford at Cambridge (right) particles and neutral gamma
radiation. The symbols for n
these emissions are b~ or o ] . UGELHO Ia h
_1¢0,2 2+ or ,4He2*, and > - to an amplifier __, ™ gd P
0 i recorder
09 I 4
4 J’ !
1 4
Twelve years earlier, Lord Ernest Rutherford, a pioneer in atomic structure, had | i ;’
postulated the existence of a neutral particle, with the approximate mass of a D ¢
proton, that could result from the capture of an electron by a proton. This b . r.lf
postulation stimulated a search for the particle. However, its electrical neutrality Po source

complicated the search because almost all experimental techniques of this period
measured charged particles.

A
In 1928, a German physicist, Walter Bothe, and his student, Herbert Becker, took
the initial step in the search. They bombarded beryllium with alpha particles q(t )
emitted from polonium and found that it gave off a penetrating, electrically neutra

radiation, which they interpreted to be high-energy gamma photons.
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Gargamelle: Neutral current discovery
Bubble chamber A.Lagarrigue, A. Rousset, P. Musset et al. in 1973

e bubble chamber

= Vessel, filled (e.g.) with liquid hydrogen at a
temperature above the normal boiling point but held
under a pressure of about 10 atmospheres by a
large piston to prevent bailing.

= When particles have passed, and possibly
interacted in the chamber, the piston is moved fo
reduce the pressure, allowing bubbles to develop
along particle tracks.

= After about 3 milliseconds have elapsed for bubbl

"Strange particles”

-
to grow, tracks are photographed using flash e Kaon: discovered 1947; first called "V" partig
photography. Several cameras provide stereo view T E—
of the tracks. B et ’:," I W PV:‘C

= The piston is then moved back to recompress the
liquid and collapse the bubbles before boiling can
occur.

o Invented by Glaser in 1952 (when he was drinkin
beer)

K' production and decay
pbar p — p nbar KO K- x* 7 0 in a bubble chamber

nbar + p — 3 pions

n® —>yy,y—>ee

KO— o o




Odlapog ZmvOnpwv
Spark chamber

— gas volume with metal plates (electrodes); filled with
gas (noble gas, e.g. argon)

— charged particle in gas = ionization = electrons
liberated; passage of particle through “trigger counters”
HV between electrodes = strong electric field;
—electrons accelerated in electric field = can liberate
other electrons = “avalanche of electrons”,

= of plasma between electrodes along particle path; =
electric breakdown = discharge = spark

—HV turned off to avoid discharge in whole gas volume

13/04/2011

1962 Neutrino muon discovery

OBSERVATION OF HIGH-ENERGY NEUTRINO REACTIONS AND THE
EXISTENCE OF TWO KINDS OF NEUTRINOS.

By G. Danby, J.M. Gaillard, Konstantin Goulianos, L.M. Lederman, N.
Mistry, M. Schwartz, J. Steinberger (Columbia U. & Brookhaven),. 1962.
Phys.Rev.Lett.9:36-44,1962




~ MWPC - 1968 by G. Charpak vl
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MICROMEGAS MICROMEGAS

Y. Giomataris, Ph. Rebourgeard, J.F Robert and G. Charpalk ) )
MNIB A3TE (1996} 29 Y. Giomataris, Ph. Rebourgeard, J.P. Robert, Charpak, NIMA376(1996)29
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3 HVZ
Ghp=50-100 el

Ampificeion  Caresulan

* Ave mhdka: Hiektpdoro ohicOiong
Ieproyn peratpomnig (conversion gap) ~mm:
1% woviepég E~ 500 V/ecm
. Particle * MikpomAéypa,mayyovg ~Spm,
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Orany other readout structure
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Micromegas performance

High radiation resistance : > 30 mC/mm2 > 25 LHC years
G. Puill, et al., IEEE Trans. Nucl. Sci. NS-46 (6) (1999)1894.

Sub-nanosecond time resolution

Good energy resolution |° ' [ArgonicH_(10%) Time of flight, fast TPC

Signal discrimination

3 NA48-KABES
-600 ps
3.1 keV .
100 200 300 400 500 600 700 800 900 P
ADC channel Lo o’
A. Delbart, Nucl.Instrum.Meth.A461:84-87,2001
Excellent single electron resolution X®PIKT SLOKPLTIKT IKOVOTNTO, <12 um

UV photodetector

| XPpOoViKn A0KPLTIKN IKAVOTNTO, <0.2ns

| d e s
| |PL_ o 54.80 + 1,381
||
|
;

21 fr e |5 o Evepyetokn Awokp. Ikavotnro, 11% (ota 5.9 keV)
2| . [FwHm
wh | ¥ | Wi, Rise time of the fast signal (yio <1ns

Al L RPN I
50 100 150 200 250 300 350 400 450 500
Charge {ADC units) e




Micromegas detectors using conventional technology

COMPASS
| 40x40 cm? Micromegas
‘ i SHI 1 W :

NA48
High rate, high resolution

b | . ¢
=2 M) 3\
e

N-TOF

Micromegas chamber for n_TOF

n_TOF tube

Micromegas
detector

Flange ISO 200
P —— —

Lemo connection

Piccolo in Casaccia reactor

4

4 ‘/

f

£ N
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New technology - ATLAS-SLH
Bulk Micromegas | T,

I Giomataris et al., Nucl.Instrum.Meth.A560: 405-408,2006

Prme<1

— - . . -

T ej(el e 8 (e e 8 e

HCAL

e o 0 0 o o o o



A large TPC for T2K experiment

T2K: a long baseline neutrino oscillation experiment

Intense v, beam with 650 MeV/c energy mean for neutrino oscillation study
Main goal : Direct search for v,— v, appearance (0,,)

< ___________
] i near detector
.. U ND280
TTepioxn aspiou pe
E & B media
UA1 Magnot Yoke A ,_J/ IEGCs - /
: Fine Graine TPC: k)
" Detectors & v
- Measure charge and momentum of charged - /
- Particle identification to distinguish e, p, w a B ". —> /
POD N -— _}dnfr
(x0-detector) - Excellent pattern recognition -— %
) E . Z 77
. bt
z
Barrel ECAL $opTiouévo -
owuaridio

wire chamber
yia avixveuan
TPoPoAWY TPOXIWY




T2K TPC

First neutrino event

Run:3397 Event:0
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On the road to large detectors

ATLASsLHC M

s

- O~ (24£7) um .25 mm pitch -

2501 Mean=(0.3+ 1.1)pm
E o Sigma=(65.7% L.1)um

00—

150

100

PN P RN BEUOU PP, S HﬂLer N P N A

08 06 04 02 0 02 04 06 08 1
XX (1

2 =0 oy = (3615) um, .5 mm pitch -
Z
g 00— Mean=(3.5%+1.3)um -

Sigma = (70.7+ 1.3)pum

Micromegas DHCAL ILC,
LAPP R@D

—_—

Other application
of large area detectors
Muon tomography



Large Atlas muon detector
Half-size Chamber

‘Width of final PCB = 605 mm

Gas outlet
HV mesh + drift (2 x SHV)

——

Connection N
Number of strips = 2048 pad
Strip pitch =0.5 mm F/ E card
Strip width =02 mm 50 x 120 mm?

8 FE cards

Distance b/w screws
128mm

,“‘
- P—— =y | |

Gas inlet FE card
(2 APV25)
20mm
e
| GND
10 mm —

20 mm

A
X

530 mm
(520 mm active)

5 mm

A

Max width of PCB for production = 645 mm

Transfer to industry under way

13/04/2011 |. Giomataris




Micromegas + micro-pixe
P. Colas et al., NIMA535(2004)506

surface: 1.4 x 1.6 cm?
Matrix of 256 x 256
pixel size: 55 x

220[-

2 [0 R

IS

1400

120f
100f
BOF- ol
60f
40f
20f
O:

H. VVan der Graaf, J. Timermans et al.

InGrid technology

M. Cambell et al, NIMA540(2005)295
M. Chefdeville et al., NIMA556(2006)490

Great resolution
Single electron cou

nting!!

i g )
Entries 2406
Mean 111.2 [
RMS 12.00 |
¥2/ndf  77.12/36 |
po 228.9+ 7.0
p1 106.6 £ 0.2
p2 6.664 +0.144 |
p3 4582+ 0.311
p4 128.6+0.5 |-

19 21 SEI

Gas On Slimmed Sllicon Pixels (GOSSIP)
Under study for ATLAS SLHC tracker




New fabrication technology
Micro-Bulk

Type2

50 um and 25 um gaps fabricated

Very good energy resolution
-11% at 5.9 keV
- 5.5% at 22 keV

- <1.5% with Am alpha source

Other advantages
- Flexible structure (cylinder)

120

-
=3
=

- 2,8% (FWHM)
- —_—

J

o
o

Number of events
o
(=]

B
o

2]
o

o

01 0105 A:‘.:’:itme(s.)ﬁs 012 0.125 - Good unlforrlnlty
- Low materia
Xe @ 2 bar Low radioactivit
Neutrinoless Double Beta (Onbb) . Giomataris y

using 136Xe target Long term stability ?



Micro-bulk in CAST - high performance
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Rate 2-7 keV

jcounts / hour|
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—*— Rate 2-7 keV

N N N I S S oW XA

30/01 06/02 13/02 20/02 27/02 06/03 13/03 20/03 27/03 03/04




Ay

,
5 Scattered WIMI:,/
A -
T
it
B —— Ree-ldout
Electric
Plane
Field

MIMAC-He3 Micro-tpc Matrix of Chambers of He3
On-baryonic dark matter search, Micromegas read-out,

WIMP directional TPCs i R

WIMP Wind —»

Grenoble — Saclay, Cadarache collaboration

Electrons by 5.9 keV %°Fe
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Recoil from 144 keV neutrons
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52,
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Radiography Neutron imaging
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Detecting Forest fires with Micromegas
FORFIRE project - EU FP7

\/"

SOLAR Blind

Micromegas photodetector

Field shielding njzsh

Beneficiary | Beneficiary name Beneficiary Country Date enter | Date exit
Number short name project project
1-SME Irish Precision Optics IPO Month 1 Month 24

: I Bireland
coordinator
2 -SME HERON Technologies HERON L1 France Vonth 1 Month 24 photocathode
3-SME OPTOEL OPTOEL I BRumania Month 1 Month 24
4 -SME PINDIATEC PINDIATEC = Spain Month 1 Month 24
5—End User | Forest Research Institute | FRI == Poland Month 1 Month 24 f——— — —
6—RTD CEA CEA L1 France Month1 | Month 24 Drift -2000
7-RTD ITAV ITAV = Spain Month1 | Month 24 rl . V
8—RTD University of Athens UOA = Greece Month1 | Month 24 mesh Pre-amplification 3mm

: : .. NQ

Project coordinator: Panagiotis Pavlopoulos, h -350 V
president of HERON Technologies . oV

= 7

Anod Avalanche
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New spherical TPC concept and its applications in rare event search physics
l. Giomataris, CEA-Saclay

SR R L RSSO

I. Savvidis , University of Thessaloniki
P. Pigquemal, M. Zampalo, P. Loaiza LSM
l. Irastorza, University of Saragoza

J. D. Vergados, University of loannina



Radial TPC with spherical
proportional counter read-out

A Novel large-volume Spherical Detector with Proportional Amplification read-out, I.
Giomataris et al., JINST 3:P09007,2008

Saclay-Thessaloniki-Saragoza, loannina =
" « 5.9keV >Fesignal

-0.1

o
N

o
(%]

o
'S

Slimm

» Simple and cheap
* single read-out
» Robustness

» Good energy resolution

» Low energy threshold

e —| |—{ > signal

13/04/2011 HY |. Giomataris

« Efficient fiducial cut



Parallel Plate Detector

Micromegas

Drlﬂggap -"—.

E= constant
C=S>1nF Y T iy
SRS RS
T T
'c/afhode % MPWC
L
- '/ L E=ln
—d - N
anode wires cathode C=L>10 pF
Spherical Proportional Counter -
E=1/r2 R
C= Rin< -1pF m
|. Giomataris i

1 el larienn T r | P I
-600 -400 -200 0 200 400 600
mm




Electrostatics deal, How to keep radial field
Ideal solution: field 1/R? degrador around the wire
No field corrector With field corrector

|. Savvidis idea

£
£ 600_

400;

200 S

=200

-400r

600 T

-600 -400 -200 0 200 400 600
mm




First prototype:
How to get Iarge detector out of a LEP cavity?”
« | | In 2008: Detector installed in LSM laboratory

Goal: measure thermal neutron background
and est|mate fast neutron flux

Visit on
December 2008

Neutron energy and flux measurement _
3He + n——='H +3H (Q=760 keV)

Thermal neutrons, 760 keV

Results in LSM
Thermal neutron
flux

3200
ampl-sphere-ADC

Energy resolution under amplification: a world record !!




Under study

New detector made out of radiopure Cu vessel
* Diameter = 60 cm

* Pressure = up to 10 bar

Appropriate shield will be provided by LSM

Goal

« Measure fast neutron energy distribution at LSM
« Explore ultra low energy with low background detector

Coupe A-A
Echelle : 2:5

|. Gien




Ultra low energy threshold observed
arXiv:1010.4132 [physics.ins-det], 2010

Counts

| ] ] ] | | ] bul ] ] | | ] ] ] | | ] ] | ] ] |
P=53mb, HVI=IS00V, HVZ =740V, G = 10

900

800 Fe

T00

H||§||||||||
» &

600 Np

500 ™) culer)

400}

] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] | ]
00 2000 4000 6000 8000 10000 12000
Amplitude [ADC]
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Neutrino-nucleus coherent elastic scattering

v+N-->v+N & = N2E 2, D. z Freedman, Phys. Rev.D,9(1389)1974

A. Druikier, L. Stodolsky, Phys.Rev.D30:2295,1984, JI Collar, Y Giomataris - NIMA471:254-259,2000, H. T.
Wong, arXiv:0803.0033-2008, PS Barbeau, JI Collar, O Tench - Arxiv preprint nucl-ex/0701012, 2007

High cross section but very-low nuclear recoil

Ty =2 my(E, cos0)?/{(my + E,)?> — (E,, cos0)?}

Ilustration: using the present prototype at 10 m from the reactor, after 1 day run

target anti v, anti v, anti v,
(QF, no (QF) (QF)
Thr) Thr=1 Thr=2
electron electron
Xe 2325 825 275
Ar 430 292 210

Argon is a good candidate

Challenge : Very low energy threshold

14

1.2

1

0.8

0.6

0.4

0.2

o

Tu-max [ keV]
Ar

Xe

oD 05 1 1.5 2 25 3 3.5 4 45 &
Ev [MeV]

We need to calculate and measure the quenching factor

Application : Remote control of nuclear reactor



A dedicated supernova detector
Simple and cost effective - Life time >> 1 century

Through neutrino-nucleus coherent elastic scattering
Y. Giomataris, J. D. Vergados, Phys.Lett.B634:23-29,2006

Destruction of massive star initiated by

the Fe core collapse

103 ergs of energy released
99% carried by neutrinos

A few happen every century in our Galaxy,
but the last one observed was over 300 years
ago

Sensitivity for galactic explosion
For p=10 Atm, R=2m, D=10 kpc, U, =0.5x10°3 ergs

# Number of events (no quenching, zero threshold)
He Ne Ar Kr Xe Xe (with Nuc. FF)

16 3.95 19.1 76.8 235 179

# Number of events (after quenching, E;, =0.25 keV)
He Ne Ar Kr Xe Xe (with Nuc. F.F)

0.08 1.5 6.7 23.8 68.1 51.8

|dea : A world wide network of several
(tenths or hundreds) of such dedicated
Supernova detectors robust, low cost,
simple (one channel)

To be managed by an international
scientific consortium and operated
by students



Dark matter search through very low energy threshold < 100 eV

Sub-keV Background Measurements & Comparisons [SRESISIS

10* J. Collar,arXiv:1103.4132, 2011
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DAMA+LIBRA 11 years, 0.83 ton x year, 8.20 modulation signal.

2-4 keV
0.1 = DAMA/Nal (029 fongr) — 5 | | <DAMA/LIBRA (D33 foniyr)s
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Background free double beta decay experiment, 1. Giomataris, arxiv:1012.4289
Spherical detector with Xenon-136 at high pressure
and Csl photocathode layer deposited at the internal vessel surface
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!
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S, (S,) is the chatge signal collected and amplified
S; Is the delgyed Cherenkov light signal

Advantages: Simple and cost effective

Provides full light collection system

Scaling up :

- 121 Kg with present prototype at p=20 bars

- 3200 Kg with a 3 m radius detector at p=20 bars



CONCLUSIONS

* New detectors — New discoveries

« Micromegas is a good world-wide reference

* Industrial fabrication process

« Multiples applications

* A new promising counter on spherical geometry
 Ultra low energy exciting results

« Reactor or SuperNova neutrino detection

13/04/2011 |. Giomataris



