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Frascati National Labs (LNF)

Total Staff Researchers Technologist | Technicians Administration/
of which: / Engineers Services
293 80 38 142 33
External Users Italian Foreign
501 257 244
Visitors Stages Conference Participantsto | Course forteachers
Workshops Seminars of high school
3426 184 21 765 172




Electro- synchrotron In Frascatl 1959 1975













The Frascatl (D—Factory
Abundant production of ® particles coming from

the annihilation of electrons and positrons at the’ | o |
energy of the ®- resonance. -/ |
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Syncrotron ligth from DAFNE
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FINUDA
Hypernuclear Physics (and more) at DA®NE e*e- collider

Kt slow=16 MeV and emitted stop Z @
(almost) back-to-bac

- A HYPERNUCLEI SPECTROSCOPY
essential tool for testing :

* theoretical models of A-N potentials

* single particle nuclear model predictions

* bound states with strangeness

- HYPERNUCLEAR DECAYS
* study of baryon-baryon weak processes in nuclear

matter: A 57N and AN—NN and A(NN)—>NNN
* Neutron-rich hypernuclei

and, moreover: 6$

- SEARCH FOR:
K- multi-nucleon absorption
» Deeply bound kaonic nuclei




FINUDA
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First measurements
~energies
~probabilities of different hypernuclear
~states = allowing a meaningful study
- of the mechanisms of formation of

- p-shell hypernuclei.

B,

of

and th

the binding

e formation

_72%



SIDDHARTA

Sllicon Drift Detector for Hadronic Atom Research by Timing Applications

The determination of the isospin dependent
KN scattering lengths through a

precision measurement of the shift
and of the width
(induced by the strong interaction

of the K_ line of kaonic hydrogen and

the first measurement of kaonic deuterium

Less hadronic background due to the beam




WINNING CARD OF SIDDHARTA:
Fast (triggerable) spectroscopic SDD-detectors

2 array of 3cm?SDD SIDDHARTA measurements in 2009:
© - "W .Kaonic Hydrogen: 400 pb

-Most precise measurement in the world
-Phys. Lett. B 704 (2011) 113, Nuel. Phys. A.

(2012)

- Kaonic helium 4: 30 pb*?

- first measurement in the world in gs
-Phys. Lett. B 681 (2009) 310

144 SDDs used by SIDDHARTA -Kaonic helfum 3: 10 pb‘I

= first measurement in the world
Phys. Lett. B 697 (2011) 199

9
C. Curceanw’s Talk o0 ie deuterium 100 pb?,

~ first exploratory measurement ,small signal,
significance ~ 2o, paper in preparation.

SIDDHARTA-2: Kaonic deuterium and other types of exotic atoms




~ panda experiment at  FAIR

Facility for Antiproton and lon Research Antiproton production
e Proton Linac 70 MeV

e Accelerate p in SIS18/ 100
e Produce p on Cu target
e
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Luminosity up to L~ 2x1032 cm2s! dirsctionof 4
Beam cooling (stochastic & electron) antiprotons §
Paola Gianotti “, «
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e Slow synchrotron (1.5-15 GeV/c)
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FAIR Timeline

o S e S
O &

Building permits

Site preparation

Civil construction contracts

Building of accelerator & detector components
Completion of civil construction work
Installation of accelerators and detectors

Data taking

6606 @@3

Italy is not a FAIR shareholder.
Around 60 INFN involved in the PANDA experiment Paola Gianotti



( @pamda Scientific program
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Doubly strange systems

(S==2) hyperon —antihyperon systems are fully accessible at PANDA

Exotic hyperatom: Double A Hypernucleus: AA strong interaction
= occupies an atomic level « only possible in double hypernuclei
[ . 2 A 's replace 2 nucleons in a nucleus « Y'Y potential: attractive/repulsive?
- « hyperfragments probability
dependence on Y'Y potential

One Boson Exchange features
o AA = AA: only non strange, | =0

°° meson exchange (®,n...)

AA weak interaction: hyperon induced
decay:
*AA 2AnN T, <<I}y, (expected)
*AA 2 Xply, <<y, (expected)

- Doubly Strange Hypernucleus:
Z'" -nucleus interaction - occupies a nuclear level

 Atomic orbits overlap nucleus
o Z -N interaction:
* short range interaction

» Lowest atomic levels are shifted
and broadened
* Potential: Coulomb + optical

» Strong interaction and Coulomb
force interplay
e Iong range interaction
o 16

Paola Gianotti




Status of the art:

AA Hypernuclei

Nucleus | B (4,"2) [MeV] | AB,,(u,*2) [MeV] Reference Reaction
AAloBe 17.7+ 0.4 4.3+0.4 M.Danysz et al., PRL.11(1963) 29 K+A>K+2-
anHe 10.9+0.5 4.6%0.5 D.J.Prowse, PRL.17(1966) 782 K-+A> K+ 2
1\ 1%Be 8.5£0.7 -4.920.7 KEK-E176 | w+p>K+=@n
3B 27.6+0.7 4.9+0.7 S.Aoki et al., PTP.85(1991) 1287 J K+p > K +E2(q.f)
2B 4.5+0.5 P.Khaustov et al., (*2C)atomE 2 2B+ N

PRC.61(2000)027601
AAGHe 7.25+0.19 1.01+0.2 KEK-E373,NAGARA H.Takahashi et K +p > K'+ E(q.f)
+018 +018 al., PRL.87(2001)212502-1
-0.11 -0.11
2B o (0<8%) = 6-10nb K.Yamamoto et al., PLB.478(2000) 401 K-+12C > K* + 2B, ,

Up to know these systems have been studied in cosmic rays or using kaon-

beams:

K~+p— =+ K* From =~ to Double Hypernuclei
KEK, BNL-AGS, have demonstrated that the systems are produced.

At JPARC with high intensity kaon-beams the goal is to stop 10* Z-in a
nuclear target.

At PANDA the same amount of data will be collected, with the possibility to run

with different nuclear targets at the same time.




Micro Vertex Detector GEM Detectors

Shashlyk Calorimeter
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The JLAB12 Italian Collaboration

JLab is a laboratory for QCD studies from quarks to
nuclei
- nucleon’s partonic distribution functions
-form factors
-baryon and meson spectroscopy
-nuclear effects and nuclear structure
- physics beyond the Standard Model

e 12 GeV upgrade

- up to 12 GeV e beam

- upgrade of the existing Halls

- new Hall D

- transition already underway

- start of commissioning end of 2013
- start of physics ops. end of 2014

*The LNF is involved since the beginning in Hall A, B

*JLAB12 is the Italian Collaboration born in 2009

It includes more than 70 experimental and theoretical physicists and 30
technicians from about 15 INFN sections




Main goal: the study of the internal structure of the nucleon
Physics observables: Trasverse Momentum Dependent parton
distribution functions (TMDs)

Tool: Semi-Inclusive Deep Inelastic Scattering experiments

Physics activity of the LNF group

s
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TMDs are the 3D generalization of DIS collinear PDFs
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Accessing TMDs in SIDIS
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Fits of data give different transverse
momentum dependence for f; and g,

High statistics allows
multidimensional analysis



LNF plans for the 12 GeV

Approved experiments in Hall B for the first 5 years of the 12 GeV data taking

"ropasal Physics Contfact Ratng [lays Group New eguiemeni Energy Group Target
IE12-ﬂE-1DH- Hard exclusive eleciro-production of % P. Stoler 3 1 RICH licguaid
=12-08-112 Profon's guark dynamics in SI0IS gion production H. Agian " ' :E:' oA tzaazr "
=12.06-119 Deeely Virtual Comedon Scatiering F.Sak N VY . I;:;:tié

=12-408-103 Excitation of auclaon rescmancss at high GF 11

=11-005 Hadron speciroscopy with forward tagger

"R12-11-103 DVMP of p,w, @

=12-07-104 Newtron magneatic form factor lioquaidl
*R12-11-108 [a} Dikadron DI5 production ‘ RG-B .
=12.09-007a Study of partonic distibutions in SIDIS kaon p K. Hafii

=12409-008 Boer-Mulders asymmetry in K SI0IS wi H and D targe™

11-003 DVCS on newiron target

=12-06-109 Longitudinal Spin Structure of the Nucleon NH;
=12-06- 119k} DWCS on longitudinally polarized g NEs
=42-07-107 Spin-Orbit Comel. with Longtudnall w " sﬁ?ﬁn

"RA2-11-108 (k] Diihadron stwdies on long. polanzed

=12-09-007 () Siudy of partonic distibutions using «

=12-09-009 Spin-Orkit cormelations in ¥ production wi pol. targets

=12-06-108 Color transparency in exclusive vector meson production i RG-0 Muclear
=12-06-117 CQuark propagation and hadron formation 11 RG-E MNuclear
=12-10-102 Free Mewtron stucture at lamge = 11 RG-F Gas Dy
"Ri2-11-108 SIDIS on transverse polarized targe: M. Contalerigy Transverse tamget 11 RG-G HO




RICH detector for Hall B/CILLAS12

« Kaon ID necessary for TMD flavor separation

CLAS12

Drift Cha mbefs
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F d Tme of-Flight

* Rejection factor >1000 because of relative /K
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ALICE @ LNF : EM Calorimeter for jet quenching

Parton energy loss through medium induced gluon radiation makes the jet

reconstruction and its quenching the golden channel to study the Quark Gluon Plasma
_ _ s P A i —

3 European Super-Modules:
end of installation Jen. 2011

. ‘Shashlik> WLS fiber readout

. Granularity: 12.672 towers
AnxA¢p ~ 0.014x0.014

«  4towers grouped into module | 4§

i gy

«  Super-Module =24 stripsof | R. Nania’s Talk

12 modules each=288 modules

. 11 Super-Modules in total
AD = 110°
-0.7<n<0.7

Study of Strongly Interacting Matter

JRA18
i**“}""'“"""s“‘s'i Di- JETCal: e.m. Calorimeter for
Quenching Study by jet, di-jet, y-jet
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Measurement of event background fluctuations for
charged particle jet reconstruction in Pb-Pb collisions

K at /S — 2.76 TeV /

4 )

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

ALICE >
CERN-PH-EP-To be specified
To be specified

anlusive jet spectrum in PbPb collisions at [Is\=2.76 TeV)
4 N

EUROPEAN ORGANIZATION FOR NUCL EAR RESEARCH

CERN-PH-EP-To be specified
To be specified

Jet structure in PbPb collisions at [Is\=2.76 TeV

ALICE

- )

LNF first author

LNF Co-first author
In preparation

LNF first author
In preparation

-



SPARC_LAB
Sources for Plasma Accelerators and Radiation Compton
with Lasers And Beams

N A facility based on
the unique combination of
high brightness electron beams with
high intensity ultra-short laser pulses
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FLAME s Frascati Laser for Acceleration

and Multidisciplinary Experiments
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Back scattering ’

s Fhomson™™

)/ Plasma‘

Ext. Inj. . New installations

L

Investigation of
different
configurations of
plasma accelerator.

Production of
monhochromatic

ultra-fast X-rays by
Thomson b-s driven
by high-quality
electron beam.




CNAO( Centro Nazionale Adroterapia Oncologica)

S. Rossi’ s Talk

A
® b

LNF —Accelerator Division participated in the
construction of the proton synchrotron.



LNF Tasks

1) Conventional Magnets INFN - LNF (C. Sanelli)

1 bis)Magnetic Measurements INFN - LNF (6. Bazzano - C.
Sanelli)

2) Conv. Magnets Power Supply
INFN - LNF (I. De Cesaris - C.

Sanelli)

3) Vacuum System INFN - LNF (A. Clozza)

4) Installation and Alineament  INFN - LNF (F. Sgamma)

5) Electrical Systems INFN - LNF (R. Ricci)

6) Fluid Systems INFN - LNF (L. Pellegrino)
7) Radioprotection INFN - LNF (A. Esposito)

8) Commissioning INFN - LNF  (C. Biscari)

32



Magnets delivered on Dec. 06 — Feb. 07
Installation schedule April — May 07

MAGNETS

Produced by Sigmaphi




DA®NE is completing its scientific program and, exploiting the
know-how developed with this accelerator, we are pushing the
project of a new factory, at higher energies and luminosities

The new accelerator SuperB

-

-~

Injection &

RF section

N /

Llna(‘Chan
complex

Parameter

Luminosity (cm-2s?)
C (m)

E (GeV)

Crossing angle (mrad)
Piwinski angle

I (mA)

&yy (NMm/pm) (with IBS)
IP 6,4, (mm/nm)

o (mm)

N. bunches
Part/bunch (x1010)
o/E (x10%)

bb tune shift (x/y)
Beam losses (MeV)
Total beam lifetime (s)
Polarization (%)

RF (MHz)

SuperB
HER (e*) LER (e)
1036
1200
6.7 4.18
60
20.8 16.9
1900 2440
2/5 2.5/6.2
7.2/36 8.9/36
5 5
978
51 6.6
6.4 7.3
0.0026/0.107 0.004/0.107
2.1 0.86
254 269
0 70-80
476



KEKB-DAFNE
Collaboration Meetings

. ICFA Beam Dynamics Workshop on Collective
Instabilities, Tsukuba, 1995

. Workshop on Beam Dynamics Issues for e+e-
Factories, Frascati, 1997

. Workshop “e+e- Factories” at KEK, Tsukuba 1999
. DAFNE-KEKB Meeting at Frascati, February 2002

. DAFNE-KEKB Meeting on Control Systems at
Frascati, January 2003

. Japan-Italy Collaboration Meeting "Crab Factories”
December 2008



INFN-LNF KEK relationship

* Beam Dinamics studies in the existing INFN
and KEK factories: crab waist adopted in
SuperB and SuperKEK-B.

» Longitudinal and transverse feedback systems
for DAFNE and KEKB

* High power test in KEK labs of C-Band RF
structure realized in INFN LNF for SPARC



