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HEP Research in Spain

Particle Physics
Experiment & Theory

Nuclear Physics
Experiment
Some Theory

Astroparticle Physics
& Cosmology
Theory & Experiment

Information Technology

R&D in Accelerators
and Detectors

Physics Applications

Technology
Theory 3%
11%
Nuclear LHC
9% 34%
Astro-
Particles
Particle Computing
Experiments Grid
9% 15%

Average Funding 2002-2006
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HEP Research in Spain

Ministry of Education and Science

' . v v
Universities (over 60) CSIC CIEMAT Others
10 with active 120 Research Basic LSC
programs in HEP Institutes Research

Debt IAC

« some have joint IFIC**,IFCA, pt. PIC
institutes with CSIC IEM*,IMAFF, Largest &

IFIC IFT* oldest group

IFCA (“only theory) strongest in
-some with Institutes (Tpartly theory) technology
funded by regional IAA
governments

IFAE Barcelona

CAFP Granada

IFGA Santiago
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he Spanish National Plan 2004-2007
for Scientific Research,
Development & Technological Innovation

Organised in 11 areas and 31 National Programs

- National Space Program

- National Astronomy & Astrophysics Program

« National Particle Physics Program <

- National Mathematics Program

- National Physics Program
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National Plan Instruments

Funds allocated to research groups in form of
* Projects (2-3 year)

 “Special Actions”
Personnel

* Fellowship program
FPU (National Level), FPI (Project related), others (Regional...)
« Ramén y Cajal program

* Juan de la Cierva )
» Support for technicians

Permanent scientific Staff & infrastructure depend generally on
Institutions

Spain Mid-Term Report Plenary ECFA December 2006



Human resources
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HEP staff & graduate students in Spain
(projects supported by PNFPA as of 1-1-06)

230 203
135 162

2 1 2 O Theorist
@ Experimentalists

7 2 250

200

437

100

Scientif Staff

Including Experimental 1
Nuclear Physics 0
& LHC Computing

1983 1990 2002 2005 2006
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Experimental Particle Physics Survey

Total Total/Population | Total/Population | Total/GDP Total/GDP
FTE/million hab. | Average CERN FTE/G€ Average CERN
(40.4 m) Member states (835 G€) Member states
Graduate | 17 2.6 4.0 0.13 0.18
Students
65% 72%
Fhbs 147 3.6 8.9 0.18 0.41
40% 44%
Total 254 6.3 13.0 0.30 0.59
48% 51%
Spain 8.7% Population of CERN 20 member states

8.2% Gross Domestic Product
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Scientific contributions
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10
11

12
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16
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18
19
20

LHC: ATLAS, CMS, LHCb

LHC: ALICE Experimental Particle

Ongoing Tevatron experiments

Preparations for a linear collider P h yS i CS S u rvey

Ongoing accelerator neutrino programmes

Preparing for future accelerator neutrino programmes

Ongoing non-accelerator based neutrino

programmes B Graduate students @ PhDs

Preparing for future non-accelerator based neutrino | 14°

programmes 120 |~

Ongoing b-, quarkonium-factories 100 3

Next generation b-, quarkonium-factories 80

Double beta decay & electron neutrino mass 60 1 |—|

Future precision measurements of particle properties 40

(e.g. EDM, g-2,) 20 H

OngO|ng heavy |On phyS|CS 0 - T \u\ \E\ e B B m \E\ \u\ \i

Ast ticle bhvsi 123 456 7 8 9 10111213 14 1516 17 18 19 20
stroparticle physics

Observational cosmology

HERA

Spectroscopy, muon/neutrino DIS (COMPASS...)
Detector R&D

Accelerator R&D
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ATLAS
T2K
CDF
LHCDb
BaBar

ATLAS
CMS
ZEUS
CDF -
D-CHOOZ ATLAS
T2K

BaBar

A a |©
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CMS Experiment:
Contribution

to the detector construction
> Barrel Muon Drift Chambers (CIEMAT)

Design and production of 70 1 l I | I |
Ikl chambers (~ 25 % of the total ,
| 700 readout channels /chamber )
Aim: to identify, trigger, and
measure the position (to 100 um)
and angle (to 1mrad) of muon

tracks with efficiencies better than
99%

= 85% of production e & S s
completed (may 2005) Chamber Assembly Hall at CIEMA

/'~ 1 » Muon Chamber Readout Electronics (CIEMAT)
1 Design and fabrication of the muon chamber readout

system | oop (Readout Boards)

» ROS (Readout Server Board)

Internal =

» Alignment System (CIEMAT — IFCA)

Monitor the relative positions of muon chambers with

respect to the central tracker (200 um precision) h | o
o = - Lo ??

> Design of the opto-mechanical system A nectmg the i

» Tests and calibration of all system components
» Associated Electronics

1 End cop monito;




VALENCIA - IFIC:

- 280 Si Strip Tracker modules
- equiv. to 3 of 18 EndCap disks
- 430 kStrips altogether.

1 module = 2 wafers + 6 chips

|| L
e BN

= e
I\ sty
|

MADRID - UAM:

- Pb absorber stacks for one LAr
EM End Cap wheel

- HV, summing, test boards,
totaling 6700.




et = IFAE: mech.& g _‘
mmwn OPt. @ssembly of P&
Bizass one TileCal
=== Endcap (64 mod.
. (W/IFIC: part of
mech ass’y),

— -Barcelona-
64 modules, CERN May ‘03 =
! " -

110 k channels

k
!
i -Valencia IFIC:
¢ 10 k channels 8
: Read Out Driversig
32 ROD mod.)

bz ATLAS Spanish Commion Project:
> 8 Barrel Toroid Vac. Vessels (25mx5m)

T T




Q Experimental group(s)

‘ Scientific infrastructure

A

Canfranc

i

’..f }

Astroparticle

experimental
activity in Spain

La Palma

Spain Mid-Term Report Plenary ECFA December 2006 16



THE CANFRANC UNDERGROUND FACILITE




':-.'.'_'"--. : "
The Camera of the Magic Telescope in La Palma
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Theoritical Physics

o
)
Particle, Astroparticle & " 4 Y,
. - .
Gravity/Cosmology
’ Theory groups | o Dz




HEP Theory

Distribution of HEP articles by country SRR 2 <Ot L7
Data: 5015 preprints submitted to arXiv in 2005 and subsequently published, Co-authorship is taken into account.

CERN Germany
Rest 1,35% B,8%
16,2% __—
LK
"
India Gk
2,6% s INFN
China 74 5’3%, France
4,7% " 3,2%
Russia e Span
4,8% | —  4,8%
- Sweden
7. 4% F oo - Portugal
[ L .
. AR 0,9%
. = b "...
R % Netherlands
g i 0,9%
s '-I'
us ', Other Member States
24,2% 7.9%
:é- (= T “E.'I
]
E = u v = £ [ E
T = E = . = T = L] = @ e o s
= v = [ m t £ a @ = = [T
g 85 & 5 = & & & & 2 B 2 & 2 & E &
hep-ex 338 0,9% 6,8% 6,4% 11,1% 4,1%| 0,8% |0,2% 0,3% 0,5% 4,8% 40,3% 5,6% 5,0% 6,4% 0,4% 6,3%
hep-lat 245 1,1% 19,5% 6,3% 5,8% 2,0%| 1,2% |1,2% 0,5% 0,5% 4,0% 30,0% 9,2% 3,5% 2.3% 2,0% 11,0%
hep-ph 2207 1,7% 10,3% 6,6% 5,5% 3,3%| 3,5% |0,8% 1,4% 0,5% 7,8% 23.0% 6,4% 56% 67% 2,7% 14,1%
hep-th 2225 1,1% 6,5% 8,5% 5,3% 3,2%| 2,60:|1,0% 0,50 1,4% 8,8% 22 4% 84% 4,0% 28% 3,0% 20,4%
Average 1,3% 8,8% 7,4% 5,8% 3,2%|2 8% (0,9% 0,9% 0,9% 7,9% 24,2% 7,4% 4,8% 4,7% 2,6% 16,2%

Source: CERN Scientific Informatlon Service {contact: Salvatore Mele)



PUBLICATIONS 2005

Phenomenology

Experimental

Theory

Gravitation &
Cosmology

Nuclear - Theory

Instrumentation

Nuclear - Experimental

Lattice

Astroparticle

Publications from Spain in 2005: 599
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Nuclear Physics

FAIR
ISOLDE
N-TOF
GANIL

LEGNARO
JEFFLAB
LOUVAIN

JAVALSKAYA

O Experimental group(s) ‘ - f
Q Theory groups - ¢

- A
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Proposed
h

Synchrotron
ALBA

Tandem

Medical Physics
Facility

Proposed

T@’HL_‘};J

Accelerator Infrastructure ¥
&

A a |©
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Technology

e Semiconductors:

— Silicon detectors

— Medical Imaging

— Radiation Hardness

— High density bonding
* Accelerators:

— Magnets

— Cryogeny

— RF, Power Supplies

Spain Mid-Term Report

Some examples
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Funding
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HEP Funding

@ Yearly Funding (projects only) m Total (Million Euros)

12

10-

o N B~ OO ©

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

Spain's GNP (2005) : 0.89 T€ = 21,000 €/per capita).
Sustained growth for the last 10 yrs ~3%.
Total R&D: 10 GE€ (1.2%).

Budget for R+D has increased >50% during last 3 years.

5th contributor to the CERN budget (8%= 51M€).
Spain Mid-Term Report Plenary ECFA December 2006
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CERN

Spanish membership
8% - 51ME€ Spain = 5th contributor

Core Contribution to LHC experiments
ATLAS (2.1%); CMS (1.5%); LHCDb (2.7%)

2006 M&O costs
ATLAS (200 k€); CMS (170 k€); LHCb (40k€)
~10% of spanish membership fee

CNGS Contribution 4MCHF
CTF3 Contribution 2MCHF
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Education - Students
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Universities

» About 60 Public Universities in Spain

+ ~20 private universities with more specialized
offer

* 1.4 Million students (Population 40.1M)

50% Social Sciences & Law
26% Technical Education
9% Humanities
8% Health Science
/% Experimental Science
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Evolution of Physics Graduate Students

160

O Physics Graduates UB m UV

140 -
120 -
100 -
80 -
60 -
40 -
20 +

1999

2000 2001 2002 2003 2004

2005

O Physics Graduates (% of Total) UB m UV

1.8
1.6
1.4 1
1.2 1

0.8 -
0.6 -
0.4
0.2

1999

2000 2001 2002 2003 2004

2005

Examples of two
important universities

with contribution to HEP

University of
Valencia

University of
Barcelona
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100-
90
80+
70+
60
50+
40
30
20
10+

Ph D students

2001/02 2002/03 2003/04 2004/05

[J Total
M 1st year
B 2nd year

Evolution of the number of graduate students in Physics at the
Universitat de Barcelona in the last years (students enroled in course
or tutorial work for the obtention of the DEA)
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LHC Computing
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Spanish WLCG participation
Goal: ~5% of ATLAS and CMS, ~6.5% of LHCb

« Phase 1 (2002-2005)

— Prototyping work funded by a coordinated project between all
sites

— Useful to clarify “best pratices”, both technically and

managerially, including relationships with experiments, WLCG,
EGEE

* Phase 2a (2006-2007)

— Tier-2 projects by experiment, federated to all sites
« ATLAS: IFAE, IFIC (coordinator), UAM
« CMS: CIEMAT, IFCA (coordinator)
» LHCb: UB (coordinator), USC
— Tier-1 project at PIC
* Multi-experiment (ATLAS, CMS, LHCD)
» Executed through CIEMAT and IFAE, as PIC is not legal entity

. Phase 2b (2008-2010)

— Funding requests submitted as continuation of Phase 2a

Spain Mid-Term Report Plenary ECFA December 2006
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System in operation:

Total LHCb MC production 2005-2006

[Output data 201.371 TB

RE
o
w
=+
aa

F3E8

— Spanish contribution (USC,UB,PIC) 7,24% £
— Around 300M events 5
— More than 200 TB of output data

— Almost 20M hours CPU time

T I Y T I T T T T O T I

ERECERAS

@2006-10-10 Belween 2005-01-01 — 2006-10-09

Wall Time of ATLAS MC prod Jan-Sep
2006 (plot) :

Spanish sites contributed with about 3%

Netherlands

aaaaaa
1

In the CMS recent production of 50M events for the CSA06 test
Spanish sites contribution was of 7%

Accounting on the Grid works and is being used daily in production
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Throughput (MB/s)

CMS File Transfer Service Tests
SC4 Transfers

Hundreds of TB of data transferred by the CMS Phedex system testing
the TO-T1-T2 data flow chain since May 2006
70

60

PIC—T2-Spain

20 -

40

T2-Spain — PIC

30

20

10 -

CERN — PIC

Z%Dﬁfl? 2[][]6,«'1 2006725 2006/29 EDDE,-’ 2006/37
Week
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PIC Tier-1 Costs and Budget Estimates (updated October 2006)

Estimated Budget PIC Tier-1 Hardware

Status of PIC Personnel

Spain Mid-Term Report Plenary ECFA December 2006
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RECFA in Barcelona April 2003

Observation of RECFA in 2003 -

« Smaller community or physicists per head of population or per GDP
than comparable European countries

— recommend to continue developing Particle Physics & increase
value for money obtained from CERN membership

« Relation between Theory & Experiment too loose
— suggest strenghtening phenomenology

* Provide the resources to support the developing computing area
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RECFA in Barcelona April 2003

Need for new positions senior & junior, recommend
— Some senior position should be University Faculty positions
— National Institute to help funding these positions

— Maintain good collaboration between experimental groups and regional
governments

— Continue the Ramon y Cajal program

Support efforts in Astroparticle Physics & integrate in European efforts

Better coordination between groups to prepare a suitable program for
graduate courses

Spain Mid-Term Report Plenary ECFA December 2006
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