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Fisica de Altas Energias
Espafa, 1983

a) 3 grupos; 43 fisicos
b) Inversiones: 130 MPtas
c) Cuota CERN 980 Mptas
d) Presupuesto de I+D 0,4%




Fisica de Altas Energias
Espana, 2003

a) 13 grupos: 250 fisicos (x 5,8)
b) Inversiones: 10 M€ (x 12,5)
c) Cuota CERN 45 M€ (x 7,5)
d) Presupuesto I+D 1,1% (x 2,9)




La Fisica de Altas Energias en el

V Plan Nacional
(2004-2007)

Uno de los 23 Programas Nacionales de I+D :

Investigacion Bdsica. Astronomia & Astrofisica
Fisica de Particulas

Fisica, ..



Prioridades del Programa Nacional

. Fisica de Particulas Elementales (CERN).

- Quarks & Le tones, Astroparticulas, Neutrino,
Hadrones, Teoria.

. Fisica de Astroparticulas & Cosmologia.

. Fisica Nuclear Experimental (N-TOF, ISOLDE,GSI).
. Tecnologias GRID.

. Tecnologias de Detectores and Acceleratores.




Recursos humanos

(1999) (2002)

Experimental (200) (270) Staff 42%
Fellows 29%
Contracts 17% (4% RyC)
Technical 12%
Theoretical (190) (220) Staff 41%
Fellows 36%

Contracts 22% (12% RyC)

PhD's (exp) outside Spain: 24 ( 11% of total exp.)
11 got Ramon y Cajal contract



| (Spain)

HEP Geographica




Ndmero de Proyectos

(2003)
1. Theory 15 (5+5+5)
2. LHC 12 (5+5+3)
3. HERA 2
4. ASTROPARTICLES 12 (6+5+1)
5. ISOLDE & ions 7 (3+2+2)
6. Neutronics 6 (6+0)
7. Sync. Rad. 4

Acciones Especiales... (2 CDF, 1 BABAR,...)
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Programa Nacional
(2003)

Theory ... i
LHC (ATLAS, CMS, LHC-b) ..............
GRID (ATLAS, CMS, LHC-b) ..................
HERA (Zeus) ...,
PS+ISOLDE (Dirac, +Legnaro, Ganil) ........
AsTr'opar'Ticle (Auger, Canfranc, Magic, Antares, Icarus)
Neutronics... N-Tof,Ions,Spallation .........
Tecnologias ............cccoiiiiiiiiiiia....
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Grupos & proyectos

2. Experimental

CIEMAT (Madrid) CMS AMS ICARUS FAST N-TOF
UAM (Madrid) ATLAS ZEUS (DESY)

UCM (Madrid) MAGIC AUGER

UAH (Madrid) AUGER

IEM (CSIC, Madrid) nuc ISOLDE-LEGNARO-GANIL ILL
IFAE (Barcelona) ATLAS MAGIC CDF(FNAL) K2K
UAB (Barcelona) MAGIC

UB (Barcelona) LHC-b HERA-b

ICMB (Barcelona) ATLAS

UPC (Barcelona) nuc N-TOF
IFIC (Valencia) ATLAS ANTARES HARP K2K
IFIC (Valencia) nuc 6SI ISOLDE-LEGNARO HADES N-TOF
IFCA (Santander) CMS CDF (FNAL)

IFAE (Santiago) LHC-b DIRAC HADES AUGER N-TOF
IFPFN (Zaragoza) CAST LSC (Canfranc)
Huelva-Sevilla nuc ISOLDE N-TOF

UGR ICARUS






n_TOF Collaboration Q

Spain: CIEMAT, CSIC-IFIC, U. Santiago, U. Sevilla,
U.P. Cataluna, U.P. Madrid

[J Measurement of high quality neutron reaction cross
sections: (n,f), (n,y),(n,x), ..., of key interest in
Nuclear Technology (ADS, transmutation), Nuclear
Astrophysics and Basic Nuclear Physics
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[J Construction of a neutron Time Of Flight facility at
CERN: high instantaneous flux (10 n/bunch), low duty
cycle (10-8), wide energy range (1eV-250MeV), (good
resolution) long flight path (185m).

&

N

nTOF Neutron Fluence (PRELIMINARY)

— i simulation + Gegmetrical Transport
— | 235y n.n
/\ — | By
10° I“'( 8 1975y gctivationimeasurenents E=1.9 eV
I si-Monttors-Stitat-—
K T9TR (R " and YAtES () with Cgbg

Neutron Fluence (dn/dInE/7 1012 protons)

-2 -1 2 2 4 5 5] 7 a8 9
10 10 1 10 10 10 10 10 10 10 10 10
Neutron Energy (eV)

Operative since 2002



Participacion espanola en el LEP
1985-2000

1. ALEPH (19 PhD)

IFAE- Barcelona Luminosity Monitor (BCAL,BCAL++) &
FALCON

2. DELPHI (28 PhD)

IFIC- Valencia TOF (100% ) & FEMC (20%)
IFCA - Santander

UCM - Madrid
3. L3 (17 PhD)
CIEMAT Muon Chambers (100% Z, 2/3 P)

64 Ph D, unas 1000 publicaciones



El boson Z°

Los tres resultados mas
destacados:

- 3 familias de neutrinos.
- Estimacion de masa top.
- Limites masa de Higgs.

Mas

- Muchisimas medidas de
alta precision sobre el
Modelo Estandar.

88 89 90 91 92 93 94 95
Energy, GeV



HERA
(DESY, Hamburgo)

ZEUS
UAM - Madrid
U + Scint. Calorimeter
Light Guides + PMs + Electronics
RO Electronics of HES
HERA-b

UB - Barcelona



Contribuciones espatolas al
LHC

ATLAS IFIC-Valencia

CMS

LHCb

IFIC-Valencia
Barcelona IFAE

Madrid UAM

CIEMAT

IFCA Santander
Madrid UAM

USC
UB-URL

TiCal

STC

TiCal

315 submaddulos (50% of EB)
1500 PMs

ROD

200 modulos de silicio (+IMB)
315 submodulos

65 modulos (1 Extended Barrel)
Forward LAr Calorimeter

Camaras MB2
Electronica
Alineamiento
Trigger, Electronica

Si Tracker
RICH (PM, Electronica)



Contribuciones espaiolas al

LHC

ATLAS Core Fund
SCT (IFIC) 1.2
TiCal (IFAE) 1.2
TiCal (IFIC) 0.9
LAr (VUAM) 2.4
Total 5.7 4.1
cMmMSs Core Fund
Mu (CIEMAT) 3.5
Align (IFCA) 0.7
Total 4.2 1.8
LHCb Core Fund
Calo (UB) 0.63

SiT (USC) 0.80

Total 1.43 0.57

9.8 MCHF (2.0%)

6.0 MCHF (1.3%)

2.0 MCHF (2.7%)
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El colisionador LHC del CERN
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El complejo de aceleradores
del CERN

LEP/LHC
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El desafio del LHC

. p+Pp 14 Tev s=100 mb
L= 10 em2 st 10° collisions/s

- ~ 100 events registered/s 100 Mbytes/s
- 107 events/year 1 Pbyte/year

Un nuevo desafio para el cdlculo cientifico:

el GRID



LCG en Espaha
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El espectrometro ATLAS




Muon Detectors

End-cap
Toroid

Barrel Toroid

Electromagnetic
calorimeters

Inner Detector

Solenoid

calorimeters

ATLAS-1

Hadronic

Forward
Calorimeters

The ATLAS Detector for LHC



Submodulo del Calorimetro TileCal
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Modulo del Calorimetro TileCal

Ch: = .-:1"-...1_.._‘-

Y

s

Espana construye 1 EB
= 64 modulos
640 Toneladas

50% submddulos en
Valencia (IFIC)
50% submaddulos en
Barcelona (IFAE)

Extended Barrel montado
e instrumentado en IFAE






SCT (Inner Tracker)

IFIC - Valencia
CNM-Barcelona

Barrel Silicon Strip
Detector

Forward Silicon Strip
Detector

2 Forward Wheels

200 modules

Test, Bond, Mount

ST ILLIIIE=="  Transition Radiation
Tracker
Pixel Detectors

Inner Tracker



IFIC SCT Lab
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IFIC, sala blanca (SCT)




CMS
A Compact Solenoidal Detector for LHC

FOANARD HIION CHAMEERE THR CEER CRYETAL ECRL HCARL
Ch LOAMETER
1

Total weight : 4 :

Overall diameter : 15.00m St .

Overall length : 21.60m |RETIRN YOKE
Magnetic field : 4 Tesla




Construccion de camaras de muones
en el CIEMAT




Flrst MBZ Chamber Assembled at CIEMA'T




El espectrometro LHCb

Bending Plane
Shield MNaonet

T

Muon Detector

HCAIL
ECAIL. =




Astroparticulas+neutrinos
. Experimentos en el LSC CANFRANC + CAST

UZ
. ANTARES IFIC
. AMS CIEMAT
. MAGIC IFAE - UAB - UCM
. AUGER USC-UCM-UAH
. K2K IFAE+IFIC (HARP)

. ICARUS UGR - CIEMAT



THE CANFRANC UNDERGROUND LABORATORY

PHYSICS RESEARCH PROGRAM
STATUS, RESULTS AND PROSPECTS

Laboratory of Nuclear and High Energy Physics
University of Zaragoza



Spanish Pyrences

Railway tunnel {not in use)

1080m

CANFRANC UNDEROROUND LABORATORY
[ SPAMESH PYRENEES ) -

Mal 32
COSME 1
IGEX
COSME 2
ROSEBUD
ANAIS
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Canfranc Underground Laboratory

Control room ANAIS , IGEX

Control room
ROSEBUD




Antares; objetivos cientificos

Am2 = 3, 10-3 eV2
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ANTARES 0.1km? Detector

Shore station
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El Roaue de los Muchachos (MAGIC)




Magic, the inauguration day




El Proyecto AUGER

Propésito: De‘l‘ectar'1§ descubrlr el origen de los rayos
cosmicos con E>

2 despliegues (uno por hemisferio; coste 50 M$)
En cada hemisferio:

1600 detectores (de superficie) y 30
fluorescencia desplegados en 3000 km

Z'relescopios de

Sur: Provincia de Mendoza, Argentina
Norte:
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Observatorio Auger en el
Hemisferio Sur
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El Proyecto AUGER

Contribucion
espafola:

- | Paneles solares

(1000) de los
detectores de
superficie
(Cerenkov)

Simulacion de
cascadas









AMS-02 Ring Imaging Cerenkov Counter
3 cm silica aerogel (n=1.05) radiator

o(B)/p =0.1% @ P =1 (protons)

radiator
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Yield in GV/c intervals, for 3 years on 1SS

AMS-02 Antimatter Sensitivity

107
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Financiacion en los 12 dltimos anos

-

MEuros

o = MW Oy 1 o

1992 1994 1996 1998 2000 2002

Year



Gasto de I+D respecto al PIB
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Gasto I+D respecto PIB (2002)

0,00 1,00 2,00 3,00 4,00

Sweden B

Finland
Japan

Us
Germany
France
Denmark
Netherlands
Belgium

EU

United Kingdom
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Italy

Spain
Portugal
Greece




Fondos de I+D por Programa Nacional
(2002)

Thermonuclear Fusion
Astronomy and Astrophysics

Socioeconomics

Space Sciences
Chemical Products and Processes
Particle Physics and Accelerators

Biotechnology

Industrial Production and Design
Natural Resources

Material Sciences

Agricultural Sciences

Health Sciences

Information Society Technologies

General Promotion of Knowledge




Espana y el CERN

Spain's CERN budget 7.0% Staff: 85 ( 3.3%)

Excellent Fellows candidates: 29 (13.4%). low EP
high TH

Paid Associates 22 ( 7.5%)

Students 25 (15.8%)

Unpaid Associates 181 ( 3%)

Reasonable industrial return (since 1998, about 80%).

Special contributions: CNGS 4 MCHF
LHCG 0.7 MCHF
+5 men-year during phase 1



Futuro (Perspectivas)

(Mejorar los retornos cientificos & tecnoldgicos)

1. Integrar PhD's en extranjero a través del Programa
"Ramon y Cajal”
Reforzar la participacion en el LHC (Técnicos)
CREAR el INFP para mejorar la coordinacion

2. Computing para LHC (Data GRID).

3. Participar en I+D de tecnologias de aceleradores
Neutrino beam al 6ran Sasso
TESLA Linear Collider + XFEL
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