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Numerous  and diversified activity

Excellent technical support

Multi-disciplinary

Maintaining expertise in colliders

Large collaborations

Growing expertise in plasma acceleration and 
light source 

DAFNE

DAFNE-Light

STAR2_TT 

FCC_ee MDI
FCC_ee Injector

CERN
Geneva

UniCal
Rende

IFIN-HH
Magurele

SSRIP
Scalable Source
Radio Isotope 
Production

Outline: LNF Accelerator activitiesOutline: LNF Accelerator activities
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DAFNE
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DAFNE accelerator complex layoutDAFNE accelerator complex layout

 X-ray   900 - 3000 eV
IR    1.24 meV - 1.24 eV

UV   2 - 10 eV

e+ e-

C ≈ 97 m
ECM = 1.02 GeV (F)

LINAC
e+ 550 MeV
e- 800 MeV

Scientific activities based on 
DAFNE :

• Collisions for SIDDHARTA-2 
experiment,

• DAFNE-light Facility,
• DAFNE LINAC is securing data to two 

BTF lines, and to the PADME 
experiment. 

SIDDHARTA-2
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The enduring interest in DAThe enduring interest in DAFFNENE

The DAFNE lepton collider has been powering physics research at the LNF since 
almost 20 years.  This has been possible because DAFNE implemented and 
successfully tested, with detectors of different complexity, a new collision 
scheme: the Crab-Waist Collision Scheme.

The Crab-Waist concept was conceived, implemented, and tested in about two 
years, and allowed to increase the DAFNE luminosity by about a factor three, 
reducing at the same time the background on the detector.

Colliders Location Status

DAFNE
F-Factory

Frascati, Italy
In operation

(SIDDHARTA, KLOE-2, 
SIDDHARTA-2)            

SuperKEKB B-Factory 
Tsukuba, Japan

Adopted CW collision in 2020

SuperC-Tau C-Tau-Factory 
Novosibirsk, Russia

Russian mega-science 
project

SuperCharmTau Tau-Charm Factory
Sarov, Russia

Design study

SuperTauCharm Tau-Charm Factory
Hefei, China

Proposed, significant R&D 
funding

FCC-ee Z,W,H,tt-Factory
CERN,Switzerland

91 km, CDR 

CEPC Z,W,H,tt-Factory
China

100 km, CDR released in 
September 2018

The family tre
e of th

e 

Crab-Waist 

Is still g
rowing 
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DAFNE HistoryDAFNE History

1998-2002: KLOE

2002: DEAR

2004-06: KLOE

2003: FINUDA

2007: FINUDA

2009: SIDDHARTA2009: SIDDHARTA

2010-13: KLOE-2 (Test Run)2010-13: KLOE-2 (Test Run)

2014-18: KLOE-22014-18: KLOE-2

Crab-Waist Collision schemeCrab-Waist Collision scheme

Native Collision schemeNative Collision scheme
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Crab-WaistCrab-Waist collision scheme collision scheme
Large horizontal crossing angle.
Large Piwinsky angle.
Overlap area, no longer bunch length, is the limit to avoid hourglass effect, this 
allows to have a lower b*y at IP.
Beam-beam non-linear resonances suppressed by a pair of Crab-Waist Sextupole

P. Raimondi , 2° SuperB Workshop, March 2006,
M.Zobov et al., Phys.Rev.Lett. 104 (2010) 174801,
C. Milardi et al., Int.J.Mod.Phys.A24, 2009.

sextupole (anti)sextupole

 IP

Crab-Waist transformation
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SIDDHARTA-2 TimelineSIDDHARTA-2 Timeline

SIDDHARTINO test setupSIDDHARTINO test setup
Sep - Dec 2019 collider new IR commissioning for SIDDHARTA-2 

Mid Jan – March 2020   (pandemic)

February – Jul 2021

Apr – Jul 2022 SIDDHARTINO run completed, and preliminary run with 
Deuterium target

Jul 2022 – Apr 2023 SIDDHARTA-2 final setup assembly

SIDDHARTA-2 Setup SIDDHARTA-2 Setup 
Apr – May 2023 Neon run
May – Jul 2023 Deuterium Run I
Oct – Dec 2023 Deuterium Run II
Feb 2024 – Now Deuterium Run III
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SIDDHARTA-2 Physics RunSIDDHARTA-2 Physics Run

Luminosity Delivery efficiency (LLuminosity Delivery efficiency (Linstinst>10>103131 cm cm-2-2 s s-1-1))

DEUTERIUM
 TARGET

DEUTERIUM
 TARGET

RUN-II (344 pb-1)
RUN-II (344 pb-1)

DEUTERIUM
 TARGET

DEUTERIUM
 TARGET

RUN-III (366 pb-1)
RUN-III (366 pb-1)

Total Delivered 1.2 fbTotal Delivered 1.2 fb-1-1

DEUTERIUM
 TARGET

DEUTERIUM
 TARGET

RUN-I (196 pb-1)
RUN-I (196 pb-1)

NEON TARGET
NEON TARGET

SHUT DOW
N

SHUT DOW
N

M
AINTENANCE

M
AINTENANCE

SHUT DOW
N

SHUT DOW
N
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SIDDHARTA-2 Physics RunSIDDHARTA-2 Physics Run

Daily maximum luminosityDaily maximum luminosity

Daily integrated luminosityDaily integrated luminosity
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SIDDHARTA-2 Physics RunSIDDHARTA-2 Physics Run

GOOD-DATAGOOD-DATA
FractionFraction

Performance tune-up includes machine induced 
background minimization

During the SIDDHARTA-2 phase 86% of the delivered 
luminosity has physics grade (according to experiment 
definition)

Continuous improvements have been obtained adjusting 
collider setup and keeping the optimal
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Beam Test Facility Beam Test Facility 
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BTF LayoutBTF Layout
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BTF Hall1BTF Hall1

• Hall Operative devoted to PADME/X17 
experiment (dark matter searches)

• Foreseen activity in 2024 Q4

• Straight Line used for irradiation with 
electron/positron using the full DAFNE 
LINAC power (1010 particle/pulse)

• Hall authorized for high dose 
experiments

BTFEH1 – BTF1 (2 lines)
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BTF Hall2BTF Hall2

• Hall operative since 2022

• BTF2 line to external usersBTF2 line to external users

• Weekly based user shifts

• Only secondary beamOnly secondary beam

• 0.4x0.4mm2 at BTF2 Exit window 

• Beamtime in 2024 till June 

BTFEH2 – BTF2 (1 line)
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Beam Test Facility characteristicsBeam Test Facility characteristics
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• Interaction region and Machine-Detector Interface LNF, Pisa, Perugia         
(FCCIS, AidaInnova) 
• Collimation studies, CERN doctoral student & Sapienza /LNF 
• Superconducting RF cavities, LNL (iFAST) 
• Collective effects, INFN-Roma1, LNF (FCCIS) 
• Hybrid crystal Positron source, INFN-Ferrara (PRIN) 
• Beam dynamics e+ beamline from source to damping ring, INFN-Milano 
• Bunch-by-bunch current control via Compton scattering, INFN-Milano 
• Positron Damping Ring e+ and TL, LNF (CHART) 
• High-field magnets for FCC-hh, [separate project and funding] INFN-Genova, 
INFN-Mi

Italian participation to the FCC_ee study and 
LNF contribution

FCC_ee: INFN contributionFCC_ee: INFN contribution
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Dedicated talk:
A. Ciarma - Overview of MDI challenging issues of circular colliders 
Thursday@9:30 

FCC_ee IR & MDIFCC_ee IR & MDI
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FCC_ee Injector complex: general layoutFCC_ee Injector complex: general layout

Project structure:
● WP1/2: Electron Source, Electron and Positron Linacs
● WP3: Positron Source: Target and Capture System 
● WP4:WP4: Damping Ring and Transfer Lines (LNF) Damping Ring and Transfer Lines (LNF)
● WP6: PSI Positron Production (P3) Project
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FCC_ee Injector: transfer line from LINAC to DRFCC_ee Injector: transfer line from LINAC to DR

ECS trasport efficiency: 94%

Tlp from LINAC to Damping Ring 
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FCC_ee@LNF: Damping ring FCC_ee@LNF: Damping ring 

Parameter FCC_ee DR
Circumference 239.2 m

Harmonic number 319

Eq. Emittance (x/y/z) 1.01 nm/ - / 1.46 mm

Dipole length, Field 0.21 m, 0.66 T
Wiggler #,Lenght, Field 4, 6.64 m, 1.8 T

Cavity #, Lenght, Voltage 2, 1.5 m, 4 MV
Bunch stored #, charge 18 , 4.0 nC
Damping Time (x/y/z) 10.8 / 10.8 / 5.4 ms

Store Time 42.5 ms
Energy loss per turn 0.227 MV

SR Power Loss (WGL ) 15.7 kW

DR DBA Cell

Injection section
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EuPRAXIA
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Two EuPRAXIA pillars at LNF:

1) EuPRAXIA@SPARC_LAB 
Plasma acceleration stage
X-Band LINAC
Two FEL (4-10 nm e 50-180 nm)

2)EuAPS (Advanced Photon Sources)
a fast, cheap and compact X-ray source 

EuPRAXIA networkEuPRAXIA network
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Plasma accelerationPlasma acceleration
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EuPRAXIA@SPARC_LAB layoutEuPRAXIA@SPARC_LAB layout
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X-band LINAC, tests @ TEXX-band LINAC, tests @ TEX

First EuPRAXIA@SPARC_LAB X-band 
structure prototype at TEX Facility 

● RF prototype 20 cells, constant impedance
● Input pulse of 35 MW, 100 ns,  50 Hz 

repetition rate
● Average gradient 74 MV/m and 
● Peak gradient 80 MV/m
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FEL beamlinesFEL beamlines
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SPARCLab MilestonesSPARCLab Milestones

Pompili,R., et al, Nature Physics 17,499 (2021) 

Energy spread control

Bending with plasma
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SPARCLab MilestonesSPARCLab Milestones

First FEL First FEL 
with PWFAwith PWFA

““All-in-one” All-in-one” 
capillarycapillary
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SPARCLab upgrade under SABINA projectSPARCLab upgrade under SABINA project

SOURCE OF ADVANCED BEAM IMAGING FOR NOVEL APPLICATIONS
BANDO: INFRASTRUTTURE DI RICERCA PNIR
POR-FESR 2014-2020

• Goals:
 SPARC technical plants consolidation aimed at doubling the uptime (from ≈1200 to ≈2400 h/y)
 New instrumentation (photoinjector, beam transport, diagnostics,…)
 Set up of 2 new user facilities:

1. THz: spectroscopic analysis  (single point or imaging), also at cryogenic temperatures

2. FLAME: surface coating tests (at green and IR wavelengths), vacuum tests
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Numerous  and diversified activity

Excellent technical support

Multi-disciplinary

Maintaining expertise in colliders

Large collaborations

Growing expertise in plasma acceleration 
and light source 

DAFNE

DAFNE-Light

STAR2_TT 

FCC_ee MDI
FCC_ee Injector

CERN
Geneva

UniCal
Rende

IFIN-HH
Magurele

SSRIP
Scalable Source
Radio Isotope 
Production

LNF Accelerator activities: ConclusionsLNF Accelerator activities: Conclusions



8 April 2024 A. De Santis - LNF Accelerator activity summary 34/47

SPARE SLIDES
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KLOE-2 Interaction regionKLOE-2 Interaction region
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KLOE-2 Run (2014-2018)KLOE-2 Run (2014-2018)
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Crab-Waist luminosity gainCrab-Waist luminosity gain
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Energy compressor optimizationEnergy compressor optimization
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FCC_ee@LNF: Damping Ring FCC_ee@LNF: Damping Ring 
Transverse acceptance
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RF power modules 

1 GeV LINAC

Beam user areas

FEL user area @4nm

Undulators

Plasma module

0.5 PW Laser

Secondary 
Sources
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Plasma modulePlasma module

Large R&D program for the capillary 
Material and shape on a smaller scale
3D printing for fast prototyping 
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Plasma modulePlasma module

EUPRAXIA Baseline
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EuPRAXIA timelineEuPRAXIA timeline
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New parts

Reassembled 
parts

STAR High Energy upgrade 
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Accelerator Division structureAccelerator Division structure
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