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INFN Ferrara in a Snapshot

Founded in the 1980s

25 employees, 85 associates.

Technical and technological services:
— Mechanics Workshop and Design
— Electronics
— Computing

Administrative Services




Research Activity

« Activity organized in the 5 traditional research lines of INFN (HEP,

Astroparticle/Neutrino, Nuclear Physics, Theory, Technology/
Interdisciplinary)

« Sinergy with Physics Department

« Experiments at the INFN National Labs (LNF, LNL, LNGS) and
overseas (CERN, SLAC, GSI, FZJ, JLAB).

« Characterizing activities:
Experimental:
— Nucleon Structure
— CP Violation (K, B)
— Precision measurements/Fundamental Physics
Theory:
— Neutrinos. Astroparticle.
— Standard Model Physics.
— Computational Physics and LQCD.



High-Energy Physics

BaBar
SuperB
LHCb
NAG62
UA9
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BaBar Activities in Ferrara

* Detector
— Mechanics of microvertex detector
— New High-voltage system of old (RPC based) muon detector
— New muon detector (LST based)
* Physics
-V,
— Quarkonium Spectroscopy and search for new states
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B factories recent results
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High-Luminosity
(L=103%cm-2s1)
flavor factory




SuperB Physics

+ Exploration of CKM parameters
at 1% precision.

* New physics: SuperB

- in search for CP violation in D
decays,

- insearch LFV in tau decays,

- in search CP violation in tau
decays.

+ Sensitivity To NP phenomena NSRS (el NP(A) not found at LHC
- up to energies ~ 30 Tev -GN U N VACUT I * [ook for indirect NP signals
(beyond LHC ener‘gies) CPV couplings * understand where they
* look for heavier states come from
* study the flavour * exclude regions in the
structure of NP parameter space 3




SuperB in Ferrara

* Muon detector in the Instrumented Flux Return using scintillating
fibers as active detector

 Full Simulation
e Distributed Monte Carlo Production
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The LHCDb experiment

Study b-hadron decays with high statistics and precision to improve
the knowledge of the Standard Model and search for indirect effects of
New Physics

— complementary to direct search experiments ATLAS/CMS

Advantages of beauty physics at hadron colliders:

— bb cross section at LHC: o, ~ 300 - 500 yb at Vs =10 - 14 TeV
(e+e- cross section at Y(4s) is 1 nb)

— Access to all quasi-stable b-flavoured hadrons
The challenge

— Multiplicity of tracks (~30 tracks per rapidity unit)

— Rate of background events: o;, ., ~60 mb

LHCb “nominal” running conditions:

— Luminosity limited to ~2x1032 cm s by not focusing the beam as much
as ATLAS and CMS

« ~ 0.4 pp interaction/bunch to maximize the probability of single interaction
- ==> LHCb will reach nominal luminosity soon after start-up

— 2fb' per nominal year (107s), ~ 10" bb pairs produced per year



The LHCDb physics goals

* Selected key measurements:
— Search for Bi—uu
— Mixing-induced CP violation in B;—J/W¢ , B,—¢¢
— Charmless 2-body B decays
— CKM angle y from tree-level B decays
— Bg—v¢ and other radiative B decays
— Asymmetries in Bj— K*II decays
 Roadmap document:
— LHCb-PUB-2009-029, arXiv:0912.4179v2 [hep-ex], Feb 2010

— Main assumptions:
e Nominal LHC running conditions: Vs = 14 TeV, 2fb-!/year o, ~ 500 b

e 2010-2011 run at7 TeV:

— no dramatic effect on physics reach (a factor 1/2 foreseen in o, and o)
— Design luminosity for LHCb: 2x103? cm™ s-! on average expected to be reached
in 2011

— lower luminosities in 2010 allow for lower trigger thresholds
e Charm physics possible in the first data



VELQO: Vertex Locator

I TT, T1-3: Tracking stations
ﬁ LH Cb deteCtor RICH1-2: Ring Imaging Cherenkov detectors
ECAL, HCAL: Calorimeters
A

M1-5: Muon stations

y | M4 M5

vy M3
Sm SPDIPS 10,y M2 -

Magnet
e 3 RICH2 SR

Experiment optimized for B physics: k
— angular coverage

— efficient trigger for hadronic and leptonic modes

— precision tracking and vertexing (mass, proper time)
— excellent particle identification
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Activities Iin Ferrara

2010 finalized the spatial alignment of the muon detector
using Cosmics & Collision data.

— Recovered a displacement of 3.5mm in one half station not in
agreement with the survey measurement

— Precision O(1mm)

Study of the muon chamber efficiency with Cosmics and
Collision data
— sumbitted a paper on the performances of the muon detector

Contribution to the RoadMap document for the analysis of
phis measurement (Bs-->Jpsiphi, B-->HH)

— 4 LHCb public notes

Work in collaboration with Milano to measure the bb cross

section in "B’-->XD*suy (D0-->Kz/DO-->K37t) (D*->xDO )
— ICHEP2010



Charmed mesons
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Charmed mesons

ICHEP (2010): production cross section of “prompt” DO,
D*, D%, D, in p,m bins O(1000) evnts. Precision~10-20%
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J/W ( --> uu) production

ICHEP(2010): production cross
section of “prompt” and “from B”
Jpsi in p,m bins

prompt J/W very interesting in its
own right:

— colour-octet model predicts well
cross sections seen at Tevatron,
but not polarisation

make fist measurement of b--> J/¥
production:

— important for initial tuning of b

spectrum in LHCb Monte Carlo
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NA62 - FE 2011

Activity

*Gigatracker development: high-resolution pixel
detector for high intensity.

-design and realization of R/O electronics.
» desigh and test of the mechanical support.

‘performance evaluation of a PC-based O-level
trigger system.
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>
A9

UA9 is a CERN experiment studying the possibility to collimate the
beam halo in the SPS using coherent interactions with bent crystals.

Out of four crystals, two have been developed by INFN-FE
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| HC Collimator
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Using a collimator-at-tHC allows the measurement of the
channeling efficiency, which turns out to be bigger than 74 %



D
Activities In Ferrara

*Develop Crystals with bendings and sizes
optimized for LHC

*Optimize holders to avoid torsions in crystals
Crystal with focusing lens

Data taking at the SPS



Astroparticle and Neutrinos

Borex
PVLAS



2010

® The team contributed to the analysis of the first geo-neutrinos data from
Borexino: in particular the activity was focused on the expected signals from
geo-neutrinos and antineutrinos from the reactors [Physics Letters B687 (2010)
299-304].

® The team published the preliminary results for the geo-neutrinos from 214Bi

decay [Physical Review C81, 034602 (2010)] and it started a new set of
measurements in CTF.

® The team is involved in the organization of 4" Neutrino Geoscience at LNGS
(6-8 October 2010).

2011

® The team is going to study the local contribution to the geo-neutrino signal at
LNGS: the results will be crucial for interpreting of the next geo-neutrinos data.

® By using the new data about 2'*Bi and 2'?Bi decays collected in CTF, the team
is going to perform a new analysis of geo-neutrinos spectra.



Light yield of prompt positron event [p.e.]

Borexino: expectations 1000 2000 oo 4000
01— T — T — T T T T —

I

T I T

and results

* Predict a total of 20.7
events in 24 months

(R=14.0 : G=6.3 ; Bk=0.4)

 The HER can be used to
test the experiment

Geo-neutrinos

Reactor antineutrinos

Events/10p.%l100ton-year
5
l

sensitivity to reactors ol ' . J - e
1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
* In the LER one expects S PIemBHIHex]
Light yield of prompt positron event [p.e.]
comparable number of geo-v . o0
and reaCtor_V 7 I Geo-neutrinos

Reactor antineutrinos

* Observe 21 events in 24

months, attributed to
=10.7 5, **3

G=99 5,

BK=0.4 g

* One event per month | M

experiment! S ey

B Background

Events/240p.e./252.6ton-year
'S




* Geo-v = 0 is excluded
with CL of 99.997 C.L.
(corresponding to 40)

* The Best Fit is:

- within 1o from the
BSE (Bulk Silicate
Earth) prediction;

- close to the fully
radiogenic model,;

- some 20 from the
radiogenic
model

o}
o)
=1]
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b) Leptonic e*e” vacum birefringence

o~

\V %M\":"g"’\"ﬂd

3

¢) Leptonic e*e  vacuum birefringence with second ordervadiative corrections.

w\,\% M s T
e, ey L

d) LbL hadronic scattering with e) Birefringence due to virtual
gluons in the gqgbar bubble spin zero bosons (e.g. axions)

ANQgep = 3AcB?

Described by Euler-
Heisenberg lagrangian.

1.45% correction

Hadronic
Contributions. Open
problem in muon g-2

Contributions from
new particles coupling
to two photons.




Measurement Technique

Apparatus: precision ellipsometer to measure the

ellipticity acquired by a LASER beam traversing a
magnetic field

v "
y at £, n atw,,,
- Optical resonant cavity for signal amplification

- Heterodyne technique for high sensitivity
- High time- varying magnetic feld for heterodyne




Present status Development of a test setup in Ferrara

- compact realization of the ellipsometer

-maximum insulation from seismic and environmental noise
-usage of permanent magnets

-usage of orientable pairs of rotating magnets for diagnostics
- —

vv'u yb'v
T AL

Future: full experiment to be built and carried out in Ferrara




Spazio parameftrico da colmare

)

1
LEn =5

200

OAn - 3AeBZ

oCon | parameftri attuali
sull’apparato di test
portati sul nuovo
apparato si colmano
quasi 3 ordini di
grandezza in Ae

Parametro A, [T'z]

p E_, p
C

Migliore limite pubblicato da PVLAS-LNL

Valore atteso nel nuovo apparato con:
Sensibilita = 2e-7 s1/2 e finesse = 285000
Tempo integrazione 1e6 s = 10 giorni

Valore previsto dalla QED

TIT ll
-7 6 -5
1 1 1
0 Sensitivit)g [1/+/Hz] 0




Nuclear and Hadron Physics

PANDA
PAX
JLAB12
Olympus



The landscape

Spectroscopy (Exotic, glueball)
Charmonium
Hypernuclei

EM Form Factors

 panda

Spin Lab ] , el'son I.ah |

- C e Exploving the Nature of Matter
Si Lab
|
PQ@M" EWS 3D nucleon description
TMDs + GPDs
Transversity / Tensor charge EM Form Factors

Phases of time-like FFs
P-pbar interactions

M. Contalbrigo Consiglio di Sezione, 1 luglio 2010 3



WIPANDA Detector

Target Spectrometer Forward Spectrometer
=

Detector Requirements

—_— =

L__*(Nearly) 47t solid angle coverage
vy ] = (partial wave analysis)
*High-rate capability
(2x107 annihilations/s)
- *Good PID (y, e, 1, =, K, p)
*Momentum resolution (= 1 %)
*Vertex reconstruction for D, K°, A
*Efficient trigger
*Modular design
- ePointlike interaction region
. sLepton identification

. . <Excellent calorimetry

“w 7 eEnergy resolution
*Sensitivity to low-energy
photons

alvont Hadean]

v

D. Bettoni PANDA at FAIR 34



D. Bettoni

YW]PANDA Physics Program

QCD BOUND STATES
— CHARMONIUM
— GLUONIC EXCITATIONS
— HEAVY-LIGHT SYSTEMS

— STRANGE AND CHARMED
BARYONS

NON PERTURBATIVE QCD
DYNAMICS

HADRONS IN THE NUCLEAR
MEDIUM

NUCLEON STRUCTURE
— GENERALIZED

DISTRIBUTION AMPLITUDES

(GDA)
— DRELL-YAN

— ELECTROMAGNETIC FORM
FACTORS

ELECTROWEAK PHYSICS

PANDA at FAIR

FAIR /PANDA /Physics Book

Physics Performance Report for:

PANDA

(AntiProton Annihilations at Darmszade)

Strong Interaction Studies with Antiprotons

PANDA Collaboration

To study fundas \lq tioms o fhm'\:u and o duu' phyx internctions of fm.mpn:-‘ u.nl nckons
and mucks, t"- u JVANDA daoto will b l (l anic excitations, the physes of strange and
arn loom stru 'le.)Jn:s .lx.'u.r{af dnh prtco.k dno.::mc therohy

ving tosts f the strong mteraction. The pmmd PANDA ctoctor is a stato-of-tho
into tor at thoe HESR at FAJR \Umnp the detoction nnddmﬂ ation of noatral and
harged particlos g ud within the rolevamt angular and emergy .
This report preseats a enary of the pl wes acoossble rANDA and what parformance can be
pocted

ArXivV:0903.3905
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Tracking activity

Four groups are involved in the R&D activity for tracking:
Pavia, Torino_mu, Ferrara, LNF.

Pavia & Torino are working on the software development. Pavia have the
responsibility of the whole tracking code.

Ferrara is in charge for
the Forward tracking
with ST. They are
developing prototypes
and contribute to the
general design of the
FS.

LNF is in charge for the
global coordination and
is contributing to the
design of the Central
Tracker

M. Contalbrigo Consiglio di Sezione, 1 luglio 2010 60



Polarized Antiproton eXperiments

Nucleon structure: polarized reactions

Parton distribution: transversity

Forward detector

pbar-p elastic

EM calorimeter

1 m.

Proton EFFs

p'p —ee

Scintillation hodoscope Dr‘e""yan

Drift chambers
- = + - Y
; ilicon detector p p —_— e e

——

\ P 15 GeV/c

Vacuum pipe SSA

PAX Detector

pp' = DX, I'I" X

Charmonium

p'pt = J/ypX

Fixed target experiment (/s<2 GeV):
pol./unpol. pbar beam (p<4 GeV/c)
internal H polarized target

Asymmetric collider (/s=15 GeV):
polarized antiprotons in HESR (p=15 GeV/c)
polarized protons in CSR (p=3.5 GeV/c)

D. Bettoni

Physics at FAIR 37



The PAX phases

COSY
2009-2011
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12 GeV CEBAF

L Do

Beam current

Beam polarization 85 %

90 uA

M. Contalbrigo

Adds

-

add Hall D
(and beam line)

Upgrade magnets
and power

= — supplies
¢ ')’omodule.%/:; — - /

20 cryomo

AN Add 5

cryomodules

Enhance equipment in
existing halls

Consiglio di Sezione, 1 luglio 2010

2008-2014:
Construction (funded at
99%)

May 2012

6 GeV Accelerator
Shutdown starts

May 2013
Accelerator
Commissioning starts

October 2013

Hall Commissioning
starts

2013-2015

Pre-Ops (beam
commissioning)

48




RICH detector for CLAS12

.rm'\wm:\' charged particle
| . o
3 ch |8 D 1N ::::':tor
BogoscecosniiiBancsonsas
collection
electrode
80 cm
Substitute 2 LTCC
sectors with a
pfOlelty fOCUSing g Loorrrrredrrrrrr e MWPC
RICH detector e
Vi1 |203|a|sfe|7]8|0] 10
/K
_HTCC
alp
HTCC _
< e
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OLYMPUS @ DESY

Installation: 2011
Data: taking: 2011-2012

Ferrara invited to be involved in
cell forniture and maintenance

of the internal gas target

s COILS B, :-38k6

The BLAST Detectors

Left-right symmetric

Large acceptance:
0.1<Q%/(GeV/c)<0.8
200 ¢ q < 80°, -15° ¢ ¢ < 15°

BEAM

TARGET

COILS

DRIFT CHAMBERS
Tracking, PID (charge)
dp/p=3%, dq=0.5°

e*/e Ratio
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What happens when an electric charge is surrounded by a BEC?
#» Vacuum — standard Coulomb potential U ~ %
# Plasma — screening and Yukawa potential: U ~ £L22 exp—mo7

#» Plasma including a Bose condensate:

U(T)pote = _%13-2 exp (— \/6/277127‘) cos (\/6/277127’> .
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Nuclear physics inputs needed for g
geo-neutrino studies”

v" Neutrino spectra are necessary for " F— el
calculating the geo-neutrino signal.

So far, they are derived from
theoretical calculations. We propose

23"‘Pam [2.27 M) =

2l4g; [2.66 MeV]

=
<

—
<
~N

Intensity [MeV '1]

to measure them directly. W
v For each nuclear decay, the T
neutrino energy E, and the “prompt Enorgy MeV]
’ . 1 . Thedecay spectrum of 214Bi as a
energy” E ,met = Te + E, are fixed by function of... .
. mmm  “prompt
energy conservation: Q=E +E, .+ %] —E
. ‘?_ 06 F

v Measure E, . and will getE, £

. = 04
v With CTF @ LNGS a method
for experimental determination of o2
geo-neutrino spectra has been 0N
developed measuring the Energy [MeV]

“ t " of 2148. d * G. Bellini, G. Fiorentini, A. lanni, M. Lissia, F.
promp energy O ' ecay Mantovani and O. Smirnov



Study of 219Bi decay with CTF @ LNGS

v" Geo-neutrinos are produced g Bmax) | o (%)
o — [keV]
through B and -y transitions: \\\\ }
. N Y 0
X = X+e+7, X - X'+e+V, \Y J...18
L X+ 1y — ' 2663 16
. . ‘ pD
v' For geo-neutrino studies only R
the ground and first excited State 200021—4Bi spectrum and best fit - CTF data with R < 60 cm
are relevant. Monte Carlo
v By using data from a 222Rn 1500 | CT O
contamination of CTF, we 2
. ] 1000 ¢
measured the feeding i o
probabilities p, and p, of these 500f <
states.
v The result is consistent and of ® 0 100 200 300 400 500 600 700 800 900 1000
. # Photoelect
comparable accuracy with that — — —
found in Table of Isotopes (derived 72t 0002 53 % 0,008
from indirect measurements of y line Po S T
intensities and theoretical assumptions) P1 0.021%0.005 0.017 £ 0.006




New Physics beyond the Standard Model ...

« ... of Particle Physics ...

Esiste nuova fisica oltre il MS delle particelle!
(neutrini, problema del flavor e CP, problema della gerarchia, etc)

Possibile soluzione: minimal walking T "HNICO "R

Per questioni di consistenza (anomalie), accanto ai TechniQuark, ci sono
TechnilLeptoni che si comportano come una 4 famiglia leptonica con scala al TeV.

« ... and of Cosmology

Esiste nuova fisica oltre il MS della cosmologia?'
(ossia MSparticelle+inflazione+DM+DE) |

Si, se e.g. nel CMB si misurano anomalie rispetto all'inflazione

R, COLD SPOT osservato da WMAP (2006), |
AL emisfero boreale vicino alla costellazione Eridano !

IPOTESI potrebbe trattarsi di un "VUOTQ" (regione sottodensa) !

Collaborazione con A.Notari (Heidelberg) |



® Phenomenology: ElectroWeak Corrections for High Energy cross
sections (() > M)

& EW Double Log corrections Resumations (

(3]

o~ qr 2 >
oW g %‘_ ~ 10% for Q ~ 1 TeV)
# EW Evolution equations (like the DGLAP for QCD)

# Applications: phenomenology at LHC, ILC and High Energy Cosmic Rays.

» Cosmology: Massive Gravity induced by Spontaneous Breaking of
Lorentz Symmetry

# |Is GR siable when coupled to a dark sector breaking Lorentz symmetry (vev of a vector or tensor

field)? Cosmological implications:

B Massive propagating Gravitons

B  Modifications of Newton Law with power corrections: 1 — G A—rl — 1 -Gy ¥ ~Sr7,
S =scalar charge

B Extra propagating scalar degrees of freedom during Universe evolution




Computational Physics

« Numerical methods and algorithms for theoretical physics:
— Improved Monte Carlo methods for hard systems
— Statistical physics of spin-glass
— Matching algorithms to new computer achitectures
* Physics of turbulent fluids
— Statistical properties of convective turbulence
« Aurora Science

— development of a computing system optimized for LQCD using
commercial processors connected to APE. Development of a 20
Tflop prototype to prove the feasibility of the project.



Main research activity: SM phenomenology at hadron colliders

e Continuos upgrade of the Monte Carlo Event Generator ALPGEN

M. Mangano, M. Moretti, F. Piccinini, R. Pittau and A.D. Polosa, JHEP0307 (2003)

© Extensively used by CDF, DO, ATLAS and CMS

@ Based on F caravaglios and M. Moretti, Phys. Lett. B358 (1995)
e Higgs physics phenomenology
e Drell-Yan
e Authomatic NLO corrections



Quark Matter

« Chiral quark model with vector mesons:
— as a model for hadron structure
— to describe hot dense matter

« Implications for astrophysics
— structure of a rapidly rotating compact star
— supernova explosion and Gamma Ray Bursts

limiting rotation frequencies
for a compact star in an LMXB

v (Hz)
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Technology and

Interdisciplinary

Beats
Coherent

Francium



Beats-2

Investigate possible applications of monochromatic X rays produced through
inverse Compton scattering to

* Medicine (mammography, angiography)

* Archeometry, strategic materials, study of ultrafast processes

Pihinn

Thonson

I quadrupoles
U dipoles
@ RF deflector

I collimator

Photoinjector s Solenoid




In Ferrara: assembly and characterization of the imaging Thomson
line at 20 KeV for applications to mammography.

fascio laser Camera di scattering

L 1

B,

fascio X

Fascio e

deflesso
(hv),=4 (hv)_. ( T/ 0.511)?
(MV)jqeer = 1.2 €V Impulso laser: 6 ps, 5 J
T = 30.28 MeV pacchettoe: 1 nC, . 2 mm (rms)
(hv), = 20 keV mammografia Impulso X: 10 ps, 10° fotoni per interazione

o emissione: 12 mrad



>
— COHERENT

COHERENT is the continuation of the research
acitivities started in the NTA-HCCC project.

Goals of this experiment:

Study the possibility to manipulate high-energy particle
beams by means of coherent beam-crystal interactions
(channeling and volume reflection in axial and planar
modes).

Study of the radiation emitted in the beam-crystal
interaction.



D
Multistrip and Holder

Construction of multistrip and holders capable
to feature high levels of alignment.

V. Carassiti et al.
RSI 81 (2010) 066106




/@/ °

Beam Test of Multistrips

rv‘l {t‘{"
3C0 y 1.5

Multistrip:

-14 aligned strips
-angular acceptance:
~100 prad
-Deflection angle:
~130 prad
-Efficiency: 97 %

200

100

100

, Crystal installed
il at the Tevatron
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Francium Ferrara, Legnaro, Pisa, Siena

0 Trappmg of radloactlve atoms at LNL

LEGEND

SC: Scattering Chamber

MS: Magnetic Steerer

MQ: Magnetic Quadrupole

ET: Electrostatic Triplet

ES: Electrostatic Steerer

EB: Electrostatic Bender

SSBD: Silicon Surface Barrier Detector

[ concrete wall
=3 Sliding door

Lasers, stabilization
and optical set-up

@ser beam
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Long term goal of the research field

m  Atomic parity violation (APV) experiments test weak force at low

momentum transfers: electron-nucleon interaction parameterized by
weak charge.

0.18 — - - :
|| SLAC: D DIS 1
0250 IHI| T T TTTTIT T T TTTTIT T T TTTTIT T T TTTTIT T T TTTTIT T 1 l \‘
® current
*  future
0.245 | = SM 0.16
A‘o.24o:— -
2\ — ' 0.14 ..... \l
= i APV (cesium |
<P 0235 ) '
= Standard Model
_ 0.12 prediction
0.230 \l
\‘ |
| |
i | IIIIIII| 1 II\IHIl 11 IIIIII| 11 IIIIII| 1 IIIHII| 1 IIIIIII| | \IIIII| 1 IIIII_I .
0.225 0.001  0.01 0.1 1 10 100 1000 0.1 \ \
Q [GeV]

—08 —-07 —06 -05 —04
Ci1u—Cia

Atomic parity violation is complementary to parity-violating electron

scattering (PVES) in determining the effective weak couplings of the quarks, to
put constraints on New Physics



Francium is the best candidates for APV measurements
PERIODIC TABLE OF THE ELEMENTS

.l F:TA. |; “:;"'
. . o Byl C| N O
* Heaviest alkali metal: large nucleus 2| P
. . o B v 5 37 0 3 s [ 20 m 5 w0 2 s34 o

and simple atomic structure © v e Co N o an o [Ge [ 'S
a“ v | &S e A2 Y 01 (4B a4 em Se e uee e |8 v
Tz |Ru | Rh Pd Ag | Cd In ’Sn nSb n’le ’

SN | PN | SRR | e 1 o
04[5 100t |96 19022 |7 9222 108 10a 0 |09 e |80 00w 81 Nee 82 B eaoe B84 on [98 2wy @

Re [Os [ Ir | Pt | Au | Hg | TI Pb Bl Po
AT | OIMAN | ROWM | PUTHA m b add ‘ T u;

« Enhancement of APV (~Z3) effects ....m.. alalinv= |~

19483063 0 e a gt st b

0 e[ 106 15w [0 w168 san] I STl wass | ma 0 mar
l\d Pm | Sm | Eu Gd Tb[D) "0 Er TII‘I Yb | Lu
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- Several isotopes with relatively long ~ —— i
ictimes (minutes) fo reduce systematies

* No stable 1sotopes, but scarcity
compensated by accumulation in
Magneto-Optical Trap ————>

*Francium produced via fusion-evaporation reactionsﬂ _ T
(O beam on Au target), released as ions, guidedto ™ T

MOT and neutralized by Yttrium foil ——_ —



"
Francium t-pping at LNL

7P3/2

Trap laser (718 nm

Repumper (817 nm)

751/2



"
Goals of the experiment

m Maximization of trapping efficiency and number of
trapped francium atoms in a magneto-optical trap.

m Ability to excite and detect weak transitions (1.e.
quadrupole transitions 7S-6D)

m Ability to excite and detect the forbidden transition

7S-8S, measurement of scalar and ——

vector polarizabilities, fundamental « _—" 7, Yocohanns

to extract APV contribution
m Development of experimental
techniques for precise transition

frequency measurements.




Thank you !



