
The activity of LPP in 2006 was concentrated on the
current particle physics experiments and preparation of

the new ones, R&D of particle detectors, and various
acceleration systems.

ONGOING EXPERIMENTS

The HERA collider continued operation after the
luminosity upgrade in 2006. The H1 experiment accu-
mulated luminosity of 150 pb−1 (or 350 pb−1 for period
of 2004Ä2006) in collisions of 920 GeV protons with
27.5 GeV longitudinally polarized electrons/positrons.
The polarized lepton beam allows HERA experiments
to constrain further parton densities of the proton by
measurements of polarization asymmetries, and test the
electroweak part of the Standard Model. The LPP JINR
group participating in the H1 experiment has made ma-
jor contribution to measurement of diffractive struc-
ture function FD

2 in diffractive deep-inelastic scattering
(DIS) in processes with a large rapidity gap [1] and
processes with a leading proton [2].

The recent physics results have been presented by
the LPP JINR group representative, Dr. M.Kapishin on
behalf of the H1 collaboration at the 33rd International
Conference on High Energy Physics ®ICHEP-06¯ [3].
Members of the LPP JINR group are co-authors of
10 articles published on behalf of the H1 collabora-
tion in physics journals in 2006. Within the upgrade
program of the H1 experiment the LPP JINR group is
responsible for the upgrade, installation and operation
of three important detectors: the Forward Proton Spec-
trometer, Backward Proportional Chamber and Plug de-
tector.

An LPP group has taken part in analysis of the
HERMES data, and performed technical maintenance
of the mini-drift vertex chambers. The main HERMES
results obtained in 2006 are the following:

• Precise measurements [4] of the polarized spin
structure function g1(x, Q2) of the proton and deuteron

are presented over the kinematic range 0.0041 < x <
0.9 and 0.18 < Q2 < 20 GeV2.

• The ˇrst measurements [5] of double-hadron pro-
duction in deep-inelastic scattering within the nuclear
medium were made with the HERMES spectrometer.

• Single-spin asymmetries [6] in the semi-inclusive
production of charged pions in deep-inelastic scatter-
ing are measured with transversely and longitudinally
polarized proton targets.

Throughout this reported period the JINR LPP
(Dubna) group has performed technical maintenance of
the Drift Vertex Chambers (DVC) during the HER-
MES data taking. The DVCs were removed for a
shutdown that lasted from November 2005 till Janu-
ary 2006; then they were reinstalled for the 2006Ä2007
data taking period. The DVCs have operated stably
till now.

The JINR LPP group efforts were focused on the
analysis of the semi-inclusive 1996Ä2000 polarized data
aiming to extract the polarized quark distributions and
its moments in NLO. The analysis is based on a new
method [7Ä11] which needs the data from difference
and sum pion asymmetries. The obtained results were
presented at HERMES collaboration meetings in March
and July of 2006.

After the SPS shutdown of 2005, COMPASS
(NA58) has resumed the data taking in 2006, with the
muon beam using a new polarized target and new up-
graded/improved detectors. The 2006 run took place
from June till November. JINR participants have per-
formed more than 200 eight-hour shifts. Among the
new detectors there is a so-called RICH WALL, a tra-
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cking detector located behind the RICH constructed
with the JINR (LNP) participation.

The analysis of data collected in 2002Ä2004 has
been continued. A large number of results has been
released, presented at various international conferences
(49 talks, including [12Ä16] by JINR physicists), pub-
lished [17, 18] and was submitted for publications in
2006 [19, 20]. The current status of the analysis is
summarized in 11 notes, three of which are written
with JINR participants. Main results of the analysis are
summarized below.

New results of the deuteron spin asymmetry
Ad

1(x, Q2) and the spin-dependent structure function
gd
1(x, Q2) covering the range 1 < Q2 < 100 GeV2 and

0.004 < x < 0.7 have been obtained [21] with a 2.5
times larger statistics than previously published. These
data provide an accurate evaluation of Γd

1(Q2
0), the ˇrst

moment of gd
1(x, Q2

0), and the singlet axial current, a0:

Γd
1(Q

2
0 = 3 GeV2) = 0.050 ± 0.003 (stat.)±

± 0.003 (evol.) + 0.005 (syst.),

a0(Q2
0 = 3 GeV2) = 0.35 ± 0.03 (stat.) ± 0.05 (syst.).

The new COMPASS measurements of gd
1(x, Q2) and

all world data on g1 have been ˇtted [21, 22] using
two different QCD evolution formalisms. Both methods
of the QCD analysis have produced consistent results
that the gluon contribution to the nucleon spin is rather
small.

The direct measurements of the gluon polarization
ΔG(x)/G(x), where G(x) is PDF of unpolarised glu-
ons, could help to choose between the two solutions for
ΔG. The available data, including three values mea-
sured by COMPASS

ΔG/G = −0.57 ± 0.41 ± 0.058 from open charm

production,

ΔG/G = 0.016 ± 0.058± 0.055 from production of

high pT hadron pairs

with Q2 < 1 GeV2,

ΔG/G = 0.06 ± 0.31 ± 0.06 from production of

high pT hadron pairs

with Q2 >1 GeV2, are compared to the other data
and to the QCD ˇtted ΔG(x)/G(x) and are shown in
Fig.1. The most precise COMPASS point is closer to
the ΔG > 0 solution, although it is only 1.3σ away
from ΔG < 0. Further improvement of the precision
is needed. Contrary to the gluon PDF, the polarized
strange quark distributions obtained from two solutions
are almost identical for ΔG > 0 and ΔG < 0. The ˇrst
moment of this PDF, found from ˇts at Q2

0 = 3 GeV2,
is (Δs+Δs̄) = −0.10±0.01(stat.)±0.01(evol.), where
the evolution error is estimated from results obtained by
two methods of the QCD analysis.

Fig. 1. The gluon polarization ΔG(x)/G(x) at Q2 = 3 GeV2 for the ˇts with ΔG > 0 (solid line) and ΔG < 0 (dashed line).
The bands correspond to the statistical errors

Analysis of 2002 data with transversely polarized
deuterium target [23] has shown that the so-called
Collins and Sivers asymmetries in azimuthal distri-
butions of hadrons produced in semi-inclusive DIS
processes are small and consistent with zero in the
whole regions of kinematic variables x and pT . These

results are conˇrmed by the overall data of 2002Ä
2004 [18] (see Fig. 2) with the statistics increased by
a factor of ∼ 7. The most likely interpretation, tak-
ing into account the corresponding measurements of
HERMES on a proton target, is that in the COMPASS
isoscalar target there is a cancellation between the pro-
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Fig. 2. Overall results for Collins asymmetry (aÄc) and Sivers asymmetry (dÄf) against x, z and ph
T for all positive (full circles)

and all negative hadrons (open circles) from 2002, 2003, and 2004 data. Error bars are statistical only. In all the plots the open
circles are slightly shifted horizontally with respect to the measured value

ton and the neutron asymmetries. This is conˇrmed by
the theoretical analysis by A.V. Efremov presented at
the SPIN 2006 conference [24].

The sequence of experiments NA48, NA48/1,
NA48/2 and preparation for the new experiment in the
K+ beam (proposal P326) carried out by the NA48 col-
laboration are devoted to search for and precise mea-
surement of direct CP -violation parameters in kaon
decays, and to study of kaon and hyperon rare de-
cays. The main goals of the NA48 and NA48/1 ex-
periments have been fulˇlled. Data analysis is con-
tinued to search for and to study rare kaon decays
with a sensitivity of about 10−9. The main goals
of the NA48/2 experiment are the search for direct
CP -violating charge asymmetry in K± → π+π−π±

and K± → π0π0π± decays with a precision of one
order of magnitude better than existing data, and to
measure the ππ scattering length, a basic parameter of
the χPT theory, using more than a million Ke4 de-
cays (a record statistics). The data were accumulated
in 2003 and 2004 runs at the CERN SPS, and ana-
lyzed in 2005 and 2006. The collaboration has started
off a new program (P326) at the CERN SPS, which is
devoted to study a very rare decay of charged kaon
into pion and two neutrinos. The responsibility of
JINR in the framework of this program is related to
R&D of straw detector operating in vacuum. The fol-
lowing results are obtained using the data accumulated
in 2003Ä2004 in the framework of the NA48/2 expe-
riment.

• A ˇnal result on the charge asymmetry measure-
ment in K± → π+π−π± decays based on the 2003
data is: Ac

g = (1.7 ± 2.1(stat.) ± 1.4(stat.(trig.))±
1.4(syst.) · 10−4 = (1.7 ± 2.9) · 10−4 [25]. This re-
sult is compatible with the SM predictions, and has
already an order of magnitude better precision than

similar previous measurements. Preliminary results
on this asymmetry based on 2003Ä2004 data: Ac

g =
(−1.3±1.5(stat.)±0.9(trig.(stat.))±1.4(syst.) ·10−4 =
(−1.3 ± 2.3) · 10−4 was presented [26] and published
as a JINR report [27].

• The preliminary result for asymmetry measure-
ment in the ®neutral¯ mode K± → π0π0π± based
on the 2003 data has been obtained as well: A0

g(1.8 ±
2.2(stat.)±1.0(trig.(stat.))±0.8(syst.)±0.2(ext.) ·10−4=
(−1.8 ± 2.6) · 10−4 [28].

This result does not indicate to a CP -violation at
the precision level, which is one order of magnitude
better than other experiments. A more precise prelim-
inary result was already obtained using in addition the
statistics accumulated in 2004, and presented at the 33rd
Rochester conference in Moscow by a JINR represen-
tative S. Balev.

• A study of a partial sample of 2.3 · 107 K± →
π0π0π± decays. An anomaly was discovered in the
spectrum of the invariant mass of the π0π0 subsys-
tem (M00) in the region around M00 = 2m+, where
m+ is the charged pion mass. This anomaly, never
observed in previous experiments, was interpreted with
high conˇdence as an effect mainly due to the ˇnal state
charge exchange scattering process π+π− → π0π0 in
the K± → π+π−π± decay [29]. It provides a pre-
cise determination of a0Äa2, the difference between
the ππ scattering lengths in the isospin I = 0 and
I = 2 states. A best ˇt to a rescattering model corrected
for isospin symmetry breaking gives (a0 − a2)m+ =
0.268 ± 0.010(stat.) ± 0.004(syst.), with additional ex-
ternal uncertainty of ±0.013 due to K3π branching
fractions and theoretical uncertainties. Obtained re-
sults were presented at many international conferences,
including 6 presentations of JINR group representa-
tives [25, 30, 31].
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The LPP participates in the experiment on the 4π-
detector STAR at the RHIC collider at the Brookhaven
National Laboratory (BNL). The following tasks were
completed by the LPP group during the reported period:

1. The paper ®Transverse Momentum and Centrality
Dependence of High-pT Nonphotonic Electron Suppres-
sion in Au + Au Collisions at

√
sNN = 200 GeV¯ has

been prepared for publication [32].
2. Inclusive yields of the low-pT photons produced

in Au+ Au collisions at
√

sNN = 200 GeV at RHIC
have been studied using the STAR TPC conversion
method, more work on low-pT direct photon produc-
tion at RHIC is expected in the following year.

3. ®Crystal R&D Proposal for Soft Photon Mea-
surement at STAR¯ is the joint effort of Laboratory
of Particle Physics (JINR), University of California at
Los-Angeles (USA) and Institute of Modern Physics at
Lanzhou (China) for soft photon measurement at STAR
experiment at RHIC. A new specialized crystal detector

(CRD) for ultra low-pT photon measurements is pro-
posed. During the pre-R&D phase the LPP group stu-
died the background conditions, detector response and
photon rates and yields using the full MC simulations
of the proposed detector.

4. The LPP group has participated in visualization
software development for physics studies, and in the
development of the new Open Science GRID tools.

5. The development of a program tool for correlator
analysis of STAR data has been continued. First results
obtained for Cu++Cu collisions at

√
sNN = 200 GeV.

6. Also the papers entitled ®Neutral Kaon In-
terferometry in Au+ Au collisions at

√
sNN =

200 GeV¯ [33], ®Proton-Lambda Correlations in Cent-
ral Au +Au Collisions at

√
sNN = 200 GeV¯ [34],

®Correlation Femtoscopy¯ [35], ®Femtoscopy Theo-
ry¯ [36], ®Evolution of Observables in a Numerical
Kinetic Model¯ [37], ®A Fast Hadron Freeze-out Gene-
rator¯ [38] were prepared for publication.

PREPARATION OF NEW EXPERIMENTS

JINR participates in the CMS project in the frame-
work of the Russia and Dubna Member states CMS
collaboration (RDMS). The main effort of JINR in the
CMS Project is concentrated on the construction of
the CMS inner endcap detectors, with RDMS bearing
the full responsibility for Endcap Hadron Calorimeters
(HE) and First Forward muon Stations (ME1/1). Also,
JINR participates in Endcap Preshower (ES). In summer
2006, the magnet yoke was closed for the ˇrst time, and
magnet current was ramped up to achieve design goal
of 4 T. JINR group took part in a cosmic test of the
whole CMS Detector (MTCC), equipped with 60 deg
read-out, trigger and DAQ, in magnetic ˇeld in the sur-
face hall. Second stage of the cosmic test and ˇeld
mapping was completed in October. Putting the detec-
tors into the underground experimental hall was started
in November 2006 with a goal to be ready for a pilot
LHC run on September 1, 2007. In line with commis-
sioning of the detectors, JINR actively participates in
the development of long-term physics research program
within CMS sub-systems: Physics, Reconstruction and
Selection (PRS subsystem) and Computing and Core-
Software (CCS subsystem).

The main JINR obligation on construction of End-
cap Hadron Calorimeters is fulˇlled. In co-operation
with IHEP (Protvino), NC PHEP (Minsk), HTTC
NIKIET (Moscow), MZOR plant (Minsk), ISC and
NSC KIPT (Kharkov) both HE endcaps were delivered,
assembled, dressed with front-end electronics and tested
at CERN. Industry of Russia and JINR member states,
such as ®Krasny Vyborjets¯ and ®Izhorskie Zavody¯
in St. Petersburg, October Revolution Plant in Minsk,

Single Crystal Institute in Kharkov, and others were
deeply involved into the construction of endcap hadron
calorimeters. In particular, a technology of brass pro-
duction out of artillery case cartridges for calorimeter
absorbers was developed by NIKIET (Moscow) in co-
operation with St. Petersburg plants. In 2006, both End-
cap Hadron Calorimeters are calibrated with LED, laser
and radioactive source without magnetic ˇeld. Cali-
bration results demonstrate good stability and timing.
RMS of tile signals from single read-out channel is
about 10%. The levelling coefˇcients for reach channel
were extracted. Four HE+ wedges were in operation
in MTCC. Data were taken with cosmic muons and ra-
dioactive source from calibration with ˇeld, and study
of magnetic ˇeld in�uence on scintillator brightening is
foreseen during a second stage of MTCC. Data analysis
is going on. Lowering of HE+ is scheduled by the end
of 2006.

JINR obligation on proportional chamber construc-
tion for ME1/1 muon stations is also fulˇlled. All
ME1/1 cathode strip chambers are delivered (includ-
ing spares), installed and tested at CERN. All CSCs
were tested repeatedly after transportation, before and
after installation. Commissioning of CSC in SX5 with-
out magnetic ˇeld is almost completed. A set of six
chambers was in operation in MTCC. A combined cos-
mic test of HE and ME1/1 was performed. Data were
taken during a second stage of MTCC with the goal to
study magnetic ˇeld effects both in ME1/1 and HE, and
common operation of two neighbouring detectors as a
part of CMS with magnetic ˇeld and with ˇnal con-
ˇguration of trigger/DAQ. Mass production of silicon
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radiation hard detectors 63×63 mm (paid by Russia) in
co-operation with RIMST (Zelenograd) has been com-
pleted by the end of 2006. A part of the produced de-
tectors was tested for radiation hardness at IBR-2. De-
tector database was developed at JINR and installed at
CERN to manage with the data of the detector measure-
ments. Assembly of detector modules at a Dubna re-
gional center was started. During 2006, the main efforts
of JINR physicists in CMS were focused on the devel-
opment of CMS physics program and the Physics TDR
preparation. They made a major contribution to cali-
bration of the endcap hadron calorimeters, development
of core and reconstruction software for muon and jet,
beam test data analysis, development of data processing
and analysis scenarios. The ˇeld of a special interest
of JINR group is the program for studies of processes
with heavy dimuons which is an integral part of the
CMS physics program.

The main results based on a full simulation and re-
construction analyses and with taking into account pos-
sible systematic effects performed by JINR group are
as follows:

The detailed studies of the CMS performances for
triggering and off-line reconstruction of dimuon pairs
have been performed.

The ˇrst realistic misalignment scenarios have been
developed. These scenarios introduce misalignments for
the tracking devices of the CMS (the Tracker and the
Muon system). Misalignment is carried out at the re-
construction level (in the ORCA software). This makes
possible to use the existing data samples for various
misalignment studies.

The analysis of the experimental data of the com-
bined HEÄME beam test has been carried out.

The potential of the CMS experiment to measure
the cross section and the forwardÄbackward asymmetry
for dimuon pairs up to the highest masses that will be
accessible at the LHC, and to test the Standard Model
up to very high momentum transfers in a new and unex-
plored energy range was investigated. The total relative
systematic uncertainties for the cross section of DrellÄ
Yan pair production are estimated.

The study of Randall-Sundrum graviton decay into
muon pairs has been performed.

The analysis of the CMS discovery potential to ob-
serve the signal from virtual ADD gravitons in the
dimuon channel has been carried out. The fundamental
Planck scale reachable with the CMS detector has been
computed for various values of integrated luminosity.
The uncertainties related to misalignment and trigger
systematic effects, PDFs, QCD-scale errors, EW and
QCD corrections were taken into account.

A procedure was developed in details for evaluat-
ing the jet energy scale from direct photons in γ + jet
events. The systematic shifts obtained on the jet energy
scale with this technique are estimated. It is shown that
the process γ + jet can provide sufˇcient statistics for
the calibration of jets up to an Ejet

T ≈ 1000 GeV.

All results were included in the CMS Physics TDR,
published in the 17 CMS Notes and external jour-
nals. Also, the results were presented and discussed
in 17 talks at 11th RDMS CMS Annual Collaboration
conference in Varna on September 12Ä18, 2006 and
3 presentations at ICHEP2006 Conference, Moscow.

The development of the RDMS LCG regional cen-
ter was continued. The new CMS software framework
was installed in LIT, JINR. The CMS Data Model, data
services, and a system of job submission were tested.
The important works aimed on development of CERNÄ
JINR data management system for Magnet Test and
Cosmic Challenge and Data Base management were
completed. Validation of data transformation chains,
Tier-0→Tier-1→Tier-2 has been performed. The re-
spective references on LPP JINR activities in CMS are
given in [39Ä44].

According to the JINR obligations in the ATLAS
experiment, which is under preparation at CERN, the
LPP participates in the construction of the Liquid Argon
Hadronic End-cap Calorimeter (LArHEC) and Transi-
tion Radiation Tracker (TRT).

The studies on possibility to use the LArHEC mo-
dules for the case of LHC high luminosity program
are started with 70 GeV proton beam in Protvino. All
equipment has been tested and installed to perform these
studies, the ˇrst run was in December 2006.

The software studies are continued with the aim to
start the MC analysis of the possibilities to detect the
reactions with Higgs bozons and top-quarks produced
simultaneously [45, 46]. Also, the analysis of the re-
sults of the LArHEC characteristics measurements is in
progress.

The last three 8-layer EC TRT detectors produced
in JINR were tested. The LPP physicists have partici-
pated in installation of the LArHEC and barrel part of
TRT/STC in ATLAS experimental set-up. The service
systems are under installation. The studies of the time-
amplitude characteristics of the ®straw¯ tubes aimed to
optimize the dead time for high occupancy were per-
formed. The installation, testing and integration of TRT
will be completed in 2007 [47, 48].

The experiment NIS at the JINR Nuclotron is aimed
at searching for effects of the hidden polarized strange-
ness of nucleons. In 2006, the work on NIS project
was carried out in two main directions:

1. Development of software tools (on-line and off-
line);

2. Hardware development (including production of
electronics).

The following work was done:
• New Monte-Carlo tools were developed; the ˇeld

map was implemented.
• New event reconstruction tools were created: the

algorithm was developed and tested; the corresponding
codes were developed and implemented.

• Monte-Carlo estimations of the set-up character-
istics were revised using new reconstruction tools.
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Results of these works were reported at the XVIII
International Baldin Seminar on High Energy Physics
Problems, ®Relativistic Nuclear Physics and Quantum
Chromodynamics¯, JINR, Dubna, September 25Ä30,
2006 and will be published. The results were also
discussed at the NIS Workshop which was held on No-
vember 1Ä2 in LPP of JINR.

The following works were fulˇlled in hardware de-
velopment:

• Two runs of the set-up were done: in October and
in December of 2006. In both runs the NIS equipment
was integrated with the GIBS detectors and NIS DAQ
system was used for collecting data from all the detec-
tors. The main goal of the October run was achieved,
but the run in December was not successful because the
required 6Li beam was not obtained.

• Liquid hydrogen target (10 cm in length, 3 cm in
diameter) was produced in LHE. Support for it is being
produced at the LPP Workshop (ˇnal stage). Installa-
tion of the target at place was planned for January 2007.

• TOF detectors (RPC) were tested and studied at
a test-bench with cosmic rays; the optimal working
regime was deˇned. Two TOF walls from the RPC
were mounted at the planned place. Parts of the elec-
tronics (TQDC modules) were produced. A part of the
high voltage connectors was purchased; a part of the

HV supply system was produced. But this work was
not completed due to the lack of funding (the HV cells
and a part of the necessary connectors could not be
funded).

• Proportional chambers with their electronics were
prepared for the runs (autumn of 2006) and used in
October run.

• Minidrift chamber (MDC) production (gas con-
tainer) is ongoing in the JINR Workshop, after delay in
the 1st half of 2006 due to the lack of funding. It is
expected that the chamber will be ready in the 1st half
of 2007. High-voltage supply system was produced.
Boards for preampliˇers were re-designed and prepared
for production in the JINR Workshop. The TDC mod-
ules for the MDC1 are produced in amount necessary
for the beam tests.

• R&D of start-TOF detector was done; tests of this
detector were done in the October run at the Nuclotron.

• Beam proˇlometer (to be placed before the target)
was commissioned and used during beam runs.

• Data acquisition system was prepared; trigger
module was produced. The system was tested dur-
ing preparation for the beam runs and the beam time.
All the DAQ electronics as well as the electronics
for RPC and MDC was developed and produced by
LHE team.

ACCELERATION TECHNIQUES

The Transverse Damping System at LHC is con-
structed at the Laboratory of Particle Physics of JINR in
collaboration with the Radio Frequency Group of Ac-
celerators and Beams Department (AB-RF) at CERN.
The LHC Damper will be used for preventing transverse
coupled bunch instabilities, for damping the transverse
injection errors, and for excitation of transverse oscilla-
tions for beam measurements. The LHC Damper is in
the list of the systems that must already operate for the
ˇrst beam injection into the LHC. The JINR's oblig-
ations in the framework of the CERNÄRussiaÄJINR
agreements are the design and construction of 20 de-
�ectors and 20 push-pull wideband power ampliˇers for
the LHC Damper. The design stage for de�ectors and
ampliˇers was successfully completed at LPP, and its
results were accepted by CERN. The 20 vacuum tanks
and electrode structures for de�ectors as well as the de-
�ectors' supports and alignment devices were manufac-
tured in the Russian industry and at JINR in 2004Ä2005.
After vacuum cleaning of the de�ectors' components,
the de�ectors were assembled by the JINR team jointly
with the CERN team in March 2006. Bake-out proce-
dure and vacuum tests at CERN were done for 8 pairs
of de�ectors in AprilÄMay 2006. The obtained pres-
sure limits were from 2.0 · 10−10 to 1.7 · 10−9 Torr (all

data are better than the expected limit of 2 ·10−9 Torr).
These 8 pairs of de�ectors were installed into the LHC
tunnel in AugustÄSeptember 2006.

The push-pull wideband power ampliˇer was de-
signed and constructed at LPP in collaboration with
ABRF CERN. Tests of the ampliˇer were done in
JuneÄAugust 2006 at the specialized tests stand of LPP.
Amplitude of ±7.5 kV was obtained on the de�ector
that corresponds to required magnitude. The mea-
sured amplitude-frequency and phase-frequency char-
acteristics of the ampliˇer in the frequency range from
100 kHz to 30 MHz. Full-scale tests of the push-pull
wideband power ampliˇer have shown that the exper-
imental results correspond to the design speciˇcations.
Series production and pre-assembly of push-pull wide-
band power ampliˇers were completed at JINR in No-
vember 2006. The ˇnal assembly of 16 ampliˇers was
done by the JINR team jointly with the CERN team
in NovemberÄDecember 2006. These power ampli-
ˇers in junction with the preampliˇers and the high-
voltage power converters were tested at CERN (Decem-
ber 2006) and prepared for installation into the LHC
tunnel. Four power ampliˇers will be assembled and
tested in the beginning of 2007. These 4 ampliˇers as
well as 4 de�ectors will be used in spare units.
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Theoretical studies of the transverse feedback sys-
tems for modern synchrotrons are being continued [49].
A proposal on a transverse damping system at SIS100
synchrotron, which will be constructed within the
framework of new international project FAIR, was pre-
sented at the tenth European Particle Accelerator Con-
ference [50].

Future plans of the LPP team are determined by
participation in the commissioning of the LHC Damper
as well as in the investigations of transverse beam dy-
namics with the aim of obtaining the ultimate beam pa-
rameters at the LHC. The nearest plans in 2007 concern
the hardware commissioning of 16 power ampliˇers and
16 de�ectors installed into the LHC tunnel in junction
with the preampliˇers and the high-voltage power con-
verters located in the LHC POINT 4 ground hall. Beam
commissioning of the LHC Damper is planned at the
turn of the year. At the same time, ˇrst measurements
with beam to optimise LHC Damper performance will
be started.

In the framework of the CLIC project aimed to pro-
vide a new level of investigations in the ˇeld of particle
physics by an electronÄpositron linear collider of TeV
energy range, LPP participates in preparation of the
test cavity undergoing the action of 106 pulses with the
power 2Ä30 MW and duration of 150Ä200 ns to study
the lifetime of the accelerating structure of the CLIC
collider with respect to pulsed repetitive heating. The
main results obtained in 2006 are:

• The test facility was designed and built to deter-
mine the resource of high gradient accelerating struc-
tures for linear collider imposed by pulsed heating at
operating frequency of 30 GHz.

• According to second stage requirements the 105

pulses were realized with the operating arrangement Å
a test cavity during the experimental run (the end of
2005 Å the beginning of 2006). The following conclu-
sions can be formulated:

• The powering of the test cavity is fulˇlled at the
frequency of 30 GHz using the high power FEM os-
cillator.

• The temperature of an operating range of the test
cavity (RTC) was raised during every pulse by 45 ◦‘.
During the third contract stage it must be provided that
the RTC temperature rises by about 120 ◦‘ in every
pulse. According to the run results, the change to the
test cavity design was fulˇlled to reach the necessary
temperature rise. The 120 ◦‘ temperature rise can be
reached without the RF pulse changing. The new test
cavity is being manufactured in LPP now to prepare
and guide the control experiment. The new master test
cavity will be manufactured in CERN.

• Several technical and physical problems were dis-
covered during the test facility starting and tuning:

• Pulse re�ections change the FEM output parame-
ters very much (up to break off the generation).

• RF breakdowns at the power level about 0.3Ä0.5
were registered in the various regions of the experimen-
tal device.

• Operating mode splitting led to RF power re�ec-
tions from the test cavity.

These problems were not considered in the contract.
The re�ection and breakdown problems demanded

to carry out the three-dimensional computational mod-
eling, cold measurements and the experiments with the
electron beam. As a result, the radical changes were
done practically in all the equipment elements. The
suitable solutions of such problems are discovered now.
The operating mode splitting into two modes with the
relational frequency distance about 0.1% was observed
at the FEM output as well as in cold measurements
of the Bragg mirrors. From 30 to 70% of operating
pulses can be unsuitable for test cavity feeding due to
the splitting effect. An explanation of splitting mode
effect is absent now. New more complicated Bragg
mirrors (with a calculated proˇled form) are tested now
to eliminate the splitting effect.

The investigations of sub-millimeter range FEM
scheme were continued. Experiments with new triple-
wave FEM scheme are fulˇlled. This scheme was pro-
posed by the scientists from IAP RAN (Nizhny Nov-
gorod).

COMPUTING

The goal of the project is to construct a mod-
ern computing infrastructure at LPP JINR for ongo-
ing experiments on particle and nuclear physics. The
F-cluster Project is devoted to the essential devel-
opment of the informational and computer infrastruc-
ture of the Laboratory of Particle Physics as a basic
tool for simulation and data analysis of ongoing ex-
periments on particle and nuclear physics with par-
ticipation of JINR physicists. Development of LPPÄ
LHE computer farm was continued according to the
Project [51]. In 2006, the total power of the comput-

ers of the farm is about 60K SI2K, and the number
of computers is 34. For the moment it is possible
to run up to 94 batch jobs by these batch computers
simultaneously. On request of ATLAS experts 8 com-
puters are equipped by 1 and more GB of memory.
Six CPU switches KVM Master View 9138 (48 ports
in total) are used to control all computers of the PC-
farm from 1 console. Available disk space for users
has been increased up to about 75 GB. Main part of
the disk space is organized as RAID5 by raid con-
trollers:
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• 3ware7500 with Seagate 80 GB IDE discs;
• 3ware8500 with Seagate 200 GB IDE discs;
• 3ware9500S with Seagate 400 GB SATA discs.
The last part of discs is organized as RAID1 and

consists of 6 Seagate 750 GB SATA disks. A new air
condition system has been mounted and put in oper-
ation into the PC-farm hall. IP-telephony has started
to be used in the Laboratory. New version of the
LINUX operation system: Scientiˇc Linux CERN 3
(SLC3), which has substituted Red Hat Linux 7.3, has
been installed at the PC-farm computers. New appli-
cation software like GEANT4 and Virtual Monte-Carlo
system for new OKAPI project has been installed to-
gether with experts from DLNP. New application ser-
vices for organization of scientiˇc actions and man-

agements of document circulation in the Laboratory
were introduced [52]. The current situation with the
computing at JINR requires the continuation of the
works under Project because the existing computing
resources are not sufˇcient to support the ongoing ex-
periment (NA48, COMPASS, STAR). Moreover, ac-
cumulated experience during the work under Project
shows that for experts of future experiments (OKAPI,
CMS, ATLAS and so on) it is more useful and ef-
ˇcient to use the network infrastructure of the Lab-
oratory together with computers and disk servers of
the LPPÄLHE PC-farm. To enlarge these capabili-
ties it is necessary to prolong the Project within re-
sources requested for its realization at the beginning of
works.

INNOVATION ACTIVITY

In the framework of the JINR ®Innovation band¯
the LPP participates in development of the ®Applica-
tion of Nuclear Physics Methods for Identiˇcation of
Complex Chemical Substances¯. The main goal of the
project is to develop methods for identiˇcation of com-
plex chemical substances by registration of the γ-quanta
spectra induced by fast neutrons irradiation. The neu-
trons are produced in the reaction d + t → α + n. The
γ-quanta are registered in coincidence with α-particles.
For each event the coordinates and the arrival time of
α-particles in the alpha-detector are measured as well
as amplitudes and arrival time of γ in the γ-detectors.
This information allows one to ˇnd a 3D position of
an object inside an interrogated volume. Investigations
of different detectors for α and γ registration will be
performed. The data acquisition and data analysis sys-
tems will be manufactured. Simulation of the neutrons
and γ-quanta interactions in the interrogated volume
will be done to optimize the detector. The prototypes
of the detector to identify hidden substances will be
constructed.

In 2006, the experiments devoted to the study of
the properties of the prototype of the device for re-
mote nondestructive identiˇcation of illicit substances,
based on the API technique, were continued. The As-
sociated Particle Imaging (API) is a technique which
could provide a 3D imaging and identiˇcation of ob-
jects hidden in various containers or in soil. The study
of the API method is carried out at the Los Alamos
National Laboratory [53], Argonne National Labora-
tory [54], Bechtel Nevada Special Technologies Labo-
ratory [55], INFN (Italy) [56], JINR [57Ä60] as well
as at other laboratories. The API technique uses fast
monochromatic neutrons with energy of 14.1 MeV pro-
duced in binary reaction d + t → He + n. In this
reaction the α-particle with the energy of 3.5 MeV
�ights back-to-back with the neutron (in c.m. sys-

tem). By measuring the α-particle trajectory, the di-
rection of the corresponding neutron is determined.
These ®tagged¯ neutrons interact with the interrogated
object and can produce γ quanta in A(n, γ)A′ reac-
tions with energy spectra which are unique for each
chemical element in the object. The characteristic γ-
spectra could serve as ®ˇngerprints¯ to identify the hid-
den substance. The key feature of the API method is
the measurement of the time difference between de-
tection of α particle and γ quantum. It provides the
possibility to determine the distance traveled by the
neutron before it is inelastically scattered by the nu-
clei of the interrogated object. It is thus possible to
determine a γ-spectrum from the deˇnite localized re-
gion in the object. It strongly suppresses the back-
ground. A large signal-to-background ratio provided
by the API method signiˇcantly facilitates the identi-
ˇcation of the hidden substances. The unique advan-
tage of the API method is to provide the image of
the hidden object in 3 dimensions. The use of the
fast 14 MeV neutrons signiˇcantly increases the prob-
ing depth in the investigated object. An important dis-
tinctive feature of the API method pertains to its high
sensitivity to chemical composition of the illicit sub-
stance. In 2005, laboratory tests for the stationary sys-
tem for detection of explosives hidden in the small and
middle size (600 × 600 × 600 mm) containers were
ˇnished. The system comprises a neutron generator
with a 9-pixel silicon α-detector. It allows 9 beams
of tagged neutrons to be produced. The γ-spectra are
measured by the two BGO gamma-detectors. The DAQ
electronics have been created for 16α- or γ-channels.
The decision making software based on the neural net
method provides identiˇcation of the hidden subjects.
The stationary system successfully passed the inspec-
tion tests, its experimental exploitation is starting at
the demining center. Another stationary system is con-
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structing for the Federal Courier Service. This sys-
tem is aimed for the detection of the drugs, explosives
and other illicit substances. The exploitation will start
in 2007. Some results of the work have been published
in [61].
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