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In 2005 the activity of LPP in 2005 was concentrated on the current
particle physics experiments and preparation of the new ones, R&D of
the particle detectors, and different acceleration systems.

1. ONGOING EXPERIMENTS

The Common Muon and Proton Apparatus for Structure and
Spectroscopy, COMPASS (NASS), has been proposed to perform a
series of experiments with the high energy muon and hadron beams at
CERN including a study of inclusive and semi-inclusive DIS of muons
on polarized targets, search for effects of the nucleon strange sea
polarization in the production of A hyperons, and determination of the
quark and gluon contribution to the spin of nucleon.

In 2005 COMPASS analyzed the data collected in 2002-2004.

The values of the spin dependent structure function of deuteron
were obtained from the data collected in 2002 and 2003 [1] and
compared with the data previously measured in the same region by
SMC experiment with JINR participation. An improvement ‘in the
accuracy is obvious. The QCD analysis of the above and world data
has shown that with new COMPASS data the errors of the value AZ of
quark contributions to the nucleon spin are reduced by a factor of 2.

The transverse spin asymmetries of the deuteron in semi-inclusive
deep inelastic scattering were measured for the first time [2]. The so
called “Collins and Sivers azimuthal asymmetries” were calculated by
COMPASS from the 2002 data. All the asymmetries are consistent with
zero. The results have been confirmed by recent theoretical estimations
and indicate that transverse effects in protons-and neutrons compensate
each other. .

Search for the ®(1860) pentaquark at COMPASS [3]. No exotic
narrow resonances in the systems of En* and ='n* are found at
COMPASS while the ordinary hyperon states E(1530)° and =(1530°)
- are clearly seen. The expected number of events in COMPASS,
assuming the same ®(1860)/Z(1320) ratio as in NA49, is almost ten
times bigger than the observed upper limit. ‘

The Gluon polarization in the nucleon from quasi-real
photoproduction of high-pr hadron pairs [4]. The COMPASS data of
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2002 and 2003 were analyzed and AG/G was estimated based on the
"MC PYTHIA calculations of the fraction of the high-pr events from the
photon-gluon fusion (PGF) process, directly related with AG/G, and
from other background processes. In COMPASS this fraction
Rpgr=0.313. So, the results on AG/G are model dependent:
, Ag (x, =0.095)=0.024 0. 089(stat)+0.057(syst),
‘jwhere the systematlc error also 1ncludes theoretical uncertainties.
N The COMPASS results indicate that the large value of AG,
7?needed to resolve the so called “Spin crisis”, is unlikely.
B Longltudlnal polarization of A and A in Deep Inelastic Scattering
‘has been also measured by COMPASS [5]. The data of 2003 only are
bigger than the world statistics, especially for A
The pre11m1nary data of 2003 have shown that polarization of A and A
.is equal within the errors in spite of different mechanisms of their
_production.

‘The NA48 cycle of experiments is devoted to the precise measurement

- of the ratio €’/e in K— 2 decays, to the study of kaon and hyperon rare

decays and to the search for CP violating asymmetry in charged kaon

decays. . .

'The following kaon and hyperon decays have been studied:

“©" e The relative branching ratio of the decay K; — mevy (Ke3y)

- with respect to K, & mev () (Ke3+Ke3y) decay has been

- measured [6]. The value of the branching ratio is: Br(Ke3y,

Ey>30 MeV, 6(e7) >20°)Br(Ke3)= (0.964 "+ 0.008

© +0.011

. .—0.009

., differs from a recently published result.

)%. This result agrees with theoretical predictions but

e A search for the CP violating decay Ks — 37’ has been
~ performed [7]. From a fit to the lifetime distribution of about
" 4.9 million reconstructed K°/k°—> 37 decays, the CP violating

amphtude Nooo = A(Ks — 37zo)/A(Ks — 37°) has been found to -
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be Re(77000) = -0.002.+ 0.011 + 0.015 and Im(7700) = -0.003 +
0.013 % 0.017. This corresponds to the upper limit of the
branching fraction of Br(Ks — 37%) < 7.4- 107 at'the 90%

confidence level

The amplitude of the CP-conserving component of the decay
Ks — 7 72’ relative to K, — #* 77’ , has been measured [8]
For the characteristic parameter A, the values Re(A) = 0.038 +
0.010 and Im(A) = -0.013 £ 0.007 have been extracted. These
values agree with -earlier measurements and theoretical -
predictions of the chiral perturbation theory.

Branchlng ratio of K;— 7’ e v has been measured Br(X; —»

e V) = (6.8 £ 0.245 + 0.25y5) 10, This value is in agreement
with the PDG value and decreases the uncertainty.

Branchmg ratio K; — 7 77’ has been measured: Br(X; -
+2.2 +1.7
T ady= 4.7
= ~1.7°% —1.5™
CHIPT and with two other measurements with comparable
uncertainties. :

0107 ‘The result agrees with

A value for the branching ratio of & —3* e';e'has been

extracted: Br(Z’ —Ie'v )= (2.51 £ 0.034a £ 0.0955)-10™.
Including the dependence of form factors on the momentum
transfer and radiative corrections, the following value for V,,

can be extracted from the branchlng ratio measurement:
+0.030

Vuws=0.208 £ 0. 006 3 gi/fi.
Branching ratio of E° - T*ev, ‘has been  extracted:
BrE® - $%671,) = (2.57 %0124 — *0. (1)05,5,) 104,

Branchlng ratio of £ -—)2* ,u v, has. been extracted Br(=’

—)z*p va)= (22 % 0 3sm + 0.245) 10°. This is the largest,«

sample collected so far of muonic decays.
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A preliminary result on the asymmetry measurement in K:—)
7 7t decays is: Ag" = (0.5 £ 2.4ga & 2. Lsiaguigy = 2-15ys)-10™ =

0.5 + 3.8)-10*. This result is compatible with the SM -

predictions, and has already an order of magnitude better
precision than previous similar measurements.

The preliminary result for asymmetry measurement in the -

"neutral” mode K* — 72’2’7 has been obtained: 4,° = (1.7 £
1 7 1. 750 £ O.2cxt)-104. This result does not indicate a CP-
violation at the precision level of 3-10%, which is one order of
"~ magnitude better than other experiments. A more precise result

will be obtained using larger statistics accumulated in 2004.

A new structure (a “cusp” effect) has been observed for the
first time in the invariant mass spectrum of the 777’ subsystem
(Myo) in K2 > 22727* decays. The observed effect allowed. to
measure the 7z s-wave isoscalar ‘and isotensor scattering
"'len'gths ap and a; with a high precision: (ap-az).m+ = 0.268 +

0.0IOStat i 0.004syst and a2m+ = -0-041 i 0.0215{3( i 0.0l4syst. )

These values are in good agreement with the results obtained in
- the E865 BNL ‘and DIRAC experiments. The measured

difference (ap-ay).is limited by 5% uncertainty of the theoretical -

- model implementation

The large statistics of charged kaon decays, collected in 2003

i “and 2004 allows one to study a wide variety of rare kaon

" decays. In most cases the statistics exceeds those of previous
o experiments by one or even several orders of magnitude. K.,

- decays analysis has advanced forward, the statistical precision

on the determination of ag m. is expected to be about +0.01.

“New measurements of charged kaon semileptonic decays have

- been done: K* — #utv (K,3) and K& — Zetv (K.3). The main
- goals of this study are to extract the individual decay widths

because they will allow one to contribute to the measurement of
the Vs parameter in the Cabibbo-Kobayashi-Maskawa (CKM)

quark mixing matrix and to measure the decay width ratio

o T'(K,3)T(K.5) which is a unique function of the g]opef
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parameters of ~the form factors.. This ratio - provides a
consistency check between the measurements made from the

form factors and the partial decay widths. The ratios have been
measured: : :

Rieszr=T(K* — 2e*WIT(K* - #7%) = 0.2505 + 0.0009,,,,
+0.001255, )

Riuamen=T(K* - i WD KE - 7)) =0.1646 +
0.0006z + 0.001 15y, |

and : . -
Rkwy kes = T( K* - 221 WIT( K > 2ev) = 0.657 +
0.0035 = 0.003,y5; which is the most precise measurement.

The LPP participates in upgrade of HI detector to investigate' DIS
processes at.the ep collider HERA, DESY. The ep collision data has
been taken with longitudinally polarized electrons for the first time. The
polarization of the lepton beam allows the HERA experiments to further
constrain the parton densities of the proton through measurements of
the polarization.asymmetries and to test the Electroweak part of the
Standard Model. : ’ -

Measurements of the Polarization Dependence of the Total Charged
Current Cross Section at HERA have been done by HI collaboration
[17, 18]. New data taken with the H1 ‘detector, for longitudinally
polarized positrons and electrons in the left and right handed: states in

“collision with unpolarized protons at HERA, are used to measure the

total charged current cross section for Q? >‘400’_GeV2. The polarization
dependence of the total charged current cross section is compared with
Standard Model expectations. The Standard Model predicts that the CC
cross. section should have a linear dependenceé on polarization, and

. furthermore, the cross section for fully left handed positrons should be

zero (similarly for fully right handed electrons). This follows from the
nonexistence of right-handed currents within the framework of the
Standard Model. The data of the H1 and ZEUS experiments are used to
obtain an extrapolated total charged current cross section for the fully
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left handed positron beam: o = 0.2 £+ 1.8(stat) & 1.6(syst) pb . This
extrapolation is found to be consistent with the expectatlons of the
Standard Model.

Within the upgrade program of the Hl experlment the LPP JINR
group is responsible for upgrade, installation-and operation of three
important detectors: the Forward Proton Spectrometer, Backward
Proportional Chamber and Plug detector. : ,

The LPP group has taken part in analysis of the HERMES data
collected in 1995-2004 and performed the technical maintenance of the
mini-drift vertex chambers. In 2005 HERMES completed data taking
with the polarized targets. About 6 millions events were collected to
study the nucleon transversity structure. During the 2005 data taking
period (about 10 months) the DVC operation was very stable. In
November 2005 HERA was stopped for a long shutdown. During this
shutdown (about 4 months) DVC will be removed from the front part of
the HERMES spectrometer and after testing and small repair the DVC
will be installed again. Special survey measurements have been done to
define precisely the DVC. geometrical position in the front part of the
HERMES spectrometer. In 2005 the work was continued to extract the
polarized valence distributions and their moments. This analysis was
based on the method proposed by O.Yu. Shevchenko, O.N. Ivanov and
AN. Sissakian [22], [23]. The authors have offered a procedure of
direct extraction of the moments of the polarized valence distributions
from - the semi-inclusive (SIDIS) data as well as of the moment
difference of the light sea quark polarized distributions in the next to

leading (NLO) QCD order. The validity of the procedure was

confirmed by the respective simulations. It was also shown that this
procedure could be applied to the HERMES polarized experimental
data [24-26]. The preliminary results were obtained and reported at the
- HERMES Collaboration Meeting in April 2005 [27-28]. This analysis

is in progress now. The authors of the above method have offered a -

modification of the Jacobi polynomial expansion method (MJEM)
based .on the application of the truncated moments instead of the full
ones. . This allows one to reconstruct the local quark helicity
distributions with a high precision.even for a narrow measured region
of: Bjorken x using only four first moments extracted from the data in
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NLO QCD as an input [29]. The analysis of the HERMES experimental
data taken in 1995-2000 is in progress to get the data on pion and kaon
difference asymmetries. Also the analysis of the HERMES data taken in
2003-2005 with the hydrogen transversely polarized target is in
progress to -extract the Q° dependence of Geras1mov-Drell-Heam'
(GDH) Integral.

One of the most interesting new HERMES studies is the measurement
of the transversity distributions in the nucleon. These studies were
completed and the results' were published in 2005. = Single- spm
asymmetries for the semi-inclusive electro-production of charged pions.
in deep-inelastic scattering of positrons were measured for the first time
with a transversely polarized target [30]. The asymmetry depends on
the azimuthal angles of both the pion (¢) and the target spin (¢s) axes

about the virtual photon direction and relative to the lepton scattermg

plane. The extracted Fourier component (sm(¢+¢S ), is a signal of

the previously unmeasured quark transversity distribution, - in
conjunction with the so-called “Collins fragmentation function”, also

unknown. The Fourier:component " (SIn(¢ ¢S)>ur of the asymmetry'

arises from a correlation between the transverse polarization. of the.
target nucleon and the intrinsic transverse momentum of quarks, as
represented by the previously unmeasured Sivers distribution function.

Evidence for the both signals is observed, but the Sivers ‘asymmetry
may be affected by the exclusive vector meson productlon In 2005
HERMES finished all the studies on the tensor spin structure of the
deuteron [31]. The use of a tensor polarized deuteron gas target with
only a negligible residuil vector polanzatlon enabled the first
measurement of the tensor asymmetry A%, and the tensor structure
functlon bY). The covered kmematlc reglon 0.01<x<0.45 and 0.5 GeV2
<Q* <5 GeV?. The quantities 4%, and b%, aré found to be non-zero.

The rise of b at small x can be 1nterpreted as originating from the same
mechanism that leads to nuclear shadowing in unpolarized scattering.

Accordmg to the JINR commitments, LPP pammpated in the
comm1ssmnmg of the Outer Tracker (OTR) of the HERA-B detector
which is a large-aperture spectrometer built to study collisions of 920
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_ GeV.protons with the nuclei of target wires positioned in the halo ofthe
HERA proton beam. The OTR is a large system of planar drift
" chambers . with about 113000 .read-out ' channels (world-largest
honeycomb-chamber tracker) [32-34]. Its inner pg.rt has been des1gned
to be exposed to a particle flux of up to 2- 10° cm ! thus coping with
conditions similar to those expected in future colllder experiments. 13’
superlayers, each consisting of two individual chambers, have been
assembled and installed in the expériment.

- The stereo layers inside each chamber were composed of pokalon-C
honeycomb drift tube modules with 5 and 10 mm diameter cells.
Chamber aging was prevented by coating the cathode foils with thin
layers of copper and - gold, together with a proper drift gas choice
‘Ar/CF4/CO2. Longitudinal wire segmentation was used to limit the
occupancy in the most irradiated detector regions to about 20%. The
production of 978 modules was distributed among six different
laboratories and took 15 months (LPP JINR produced about 40% of
modules). The successful operation of the OTR showed that a large
tracker could be efficiently built and safely operated under a huge
radiation load at a hadron collider. The OTR provided efficient
reconstruction of charged particle tracks from a distance of 20 cm from
the HERA proton beam to the outer acceptance limit of the experlment
as well as fast trigger signals for the first-level trigger in the
environment of high track density. The Dubna group also dominated in
the preparation and installation of the OTR superlayers, as well as in
debugging and monitoring the setup and tuning the electromcs
thresholds to obtain the optimal performance of tracking and triggering.
" The search for O+ (1540) and E- -(1540) pentaquark candidates was
camed out in proton-induced reactions on the carbon, titanium and

tungsten targets at mid-rapidity (Yem ~ 0) and Js=41.6 GeV [35]..In
2.10% inelastic events there was no evidence found for narrow (o~ 5
MeV/c?) signals in the®* — pK,— pr* and ET 5> E 7" > An'n”
channels. The 95% CL upper limits for the inclusive production cross
section multiplied by branching fraction Brdo/ dy| 05 are 3.7 and 2.5

pb/nucleon. The upper limit of the yield ratio of ©*/ A (1520) <2.7%
is significantly lower than model predictions. The upper limit of
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Br=" /E(1530)° < 4% is at variance with the results that have prov1ded
the first evidence for the E signal. ‘

The experiment EXCHARM is devoted to the study of charmed
and strange particle production characteristics and to search for. narrow
baryonia in neutron-nuclon interactions at the Serpukhov accelerator. In
2005 the studies on searching for pentaquark states were finished and

. the results were published.

Searching for pentaquark states was conducted [36] in the effectlve
mass spectra for the following.decays: Z(1860)° — 5 7, B( 1860)

E 7, where E was identified. by its decay to A%, and A" - by the
decay to pr. The signal from A° — pr decay is clearly detected in the
pr effective mass distribution. The background comes from the
combinations of charged particles produced in the target = 53%) and in
the air (= 43%). The background from K% — =n'n decays, where the
positive pion was wrongly identified as a proton, is around 4%. The
experiment selected 3 million events with candidates for A° — pn”
decays and -around 150 thousand' combinations with at least one
candidate for =" decay. For'the final analysis 37 thousand candidates for
& — A% decay were selected. The background in the s1gnal ‘region
was around 14.6 thousand combinations.

Finally 17379 candidates for Z(1860)° decay and 7215 candidates for
._.( 1860)" decay were selected. A clear signal of Z(1530)° was observed
in M(E" ©") spectrum. The fitted mass M, = (1532.9 £ 0.4) MeV/c? and
and width ' = (10.0 £+ 1.7) MeV/c .are close to the table values. The
M(En") resolution in the reglon of 1530 MeV/c? was determined by
Monte-Carlo to be 3.7 MeV/c?. The number of decays resulting from
the fit is 1492 £ 93. ,

There are no stat1st1cally sngmﬁcant s1gnals in the reglon of large
masses or in the region of the desired signal (1862 MeV/c? ) There are

" no signals in M(E) spectra either. The resolution in =7* mass in the

region of the desired signal, determined by Monte-Carlo, is 6.5 MeV/c2.
The estimated upper llmlts on the production of the searched states, -
normalized to Z( 1530) productlon are presented in table 4.1.
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i Table 4.1. Upper limits on the productlon of Z(1 860)
and Z(1860) (9 % CL)

Decay Ratioto Acceptance Cross
| £(1530)°. | section
o production upper limit
| E(1860)° — <0.035 0.0036 : <4.6 ub
l=a <0.019 0.0023 <4.0 ub
| 2(1860)° —
Ll E T

The THERMALIZATION project started in .2003 at the
Serpukhov accelerator and it is aimed to study the collective behavior
of particles in the process of multiparticle production in pp interaction
pp = ng © +2N at the beam energy E;x=70 GeV. The domain of high

: mult1p11c1ty nz =20 + 35 will be studied. Near the threshold of reaction
" Nz —> Nyim, all particles get small relative momenta. As a consequence of
multiboson interference a number of collective effects may show up.
- A drastic increase of partial production cross section o(n) of n
partlcles is expected compared with commonly accepted extrapolations.
..~ The formation of jets cons1stmg of identical partlcles may
occur.

- Larger,ﬂuctuations of charged n(n ,m) and neutral n(®)

components, onset of centauros or chiral condensate effects, is
anticipated.

- Increase of the rate of the direct photons as a result of the
bremsstrahlung in parton cascade and annihilation n° + =~ — ny in
dense and cold pionic gas or condensate, is expected

- 'In the domain of high multiplicity, the major part of the center
of mass energ'y'Ecms‘ 11.6 GeV is materialized leading to high density
of the hadronic system. Under this condition a phase transition to cold
QGP may occur.

The experiment is carried out with the extracted proton beam of
IHEP ‘(Prctvino) 70 GeV accelerator. The Spectrometer with Vertex
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Detector - SVD-2 setup — is used. In the last run (November, 2005) the
set up included the following basic elements: a scintillation trigger
hodoscope, a silicon micro-strip vertex detector, a liquid hydrogen
target, a drift tube tracker, a magnetic spectrometer with proportional
chambers, and a threshold Cherenkov detector. The required beam
intensity ~ 107 /s was reached. The purpose of the run was debugging
the new elements of the setup and data taking at the modemlzed
installation.

The setup is a Spectrometer w1th the Vertex Detector which is
supplied with the trigger system- (scintillation hodoscope) to register.
rare events with high multiplicity. This trigger was des1gned and
manufactured by the - members of the LPP group.

This run has shown that some modification and further
improvements of the setup elements are necessary:

1. A system to deliver liquid helium to the hydrogen target must be
modified to reduce helium consumption.

2. Further test and debuggmg of the tngger system electronics are
necessary.

3. Further test and debuggmg of the dnﬂ tube tracker electromcs
are necessary.

4. The sample of 128-channel circuit VIKING of the silicon vertex
detectors has to be upgraded.

5. A significant part of both online and offline software has to be
upgraded. :

The work performed during 2005 [36-42].

1. The physical motivation of the project was completed The :
corresponding proposal "Thermalization" has been published.

2. Mathematical simulation of the SVD work is in progress and -
the software package of data processing is developed.

3. The scintillation trigger hodoscope, to register events of pp -
interactions with high multiplicity, was designed, manufactured
and tested in the November run.

4. ‘The llquld hydrogen target was manufactured and put in
operation in the November run. :

5. The drift tube tracker with 2000 channels was manufactured and
put in operation.
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. 6. The Monte Carlo generator of events with high multiplicity was
- developed based on the statistical description of the thermalized
. - .hadron systems.
7. The SVD-2 experimental data have been analyzed to search for
an exotic 8'-baryon state in the pK decay mode in pA
o collisions. New results were obtained and published.
- 8. The development of the Gluon Dominance Model was
' continued to calculate the multiplicity dlstnbutlon in pp
. ... interactions,.
9. The program package for setup element alignment was
- implemented using the 2002 runs data. :
10. More than ten reports were given at the conferences (Jef.Lab.,
..~ ISMD2005, RNP, TD70 and others).
11. A scientific report at the November PAC session was given by
- V.A. Nikitin.
" 12. The computers park of the collaboration was expanded toa
- _minimally necessary level allowing to enable the JINR group to
| participate in the project performance.
... 13. The applications for grant “Russia — Byelorussxa cooperation”
and for extraordinary support grant (RFFI) were submitted.

The LPP takes part in the experiments on the 4n-detector STAR at the
- collider RHIC at the Brookhaven National Laboratory (BNL). -
The PPL STAR working group at Wayne State University (Detroit,
~ USA) .. completed construction of the Barrel Electromagnetic
- Calorimeter. (BEMC) of the STAR detector at RHIC, BNL. The last,
120th BEMC module was manufactured and installed on the STAR
" “magnet in January 2005.
- Investigation of the non-photonic high-pr electron spectra in' Aut+Au
collisions at 200 GeV per NN pair has been continued within the joint
* Brasil-Dubna-WSU team (heavy flavor physics working group). A
- suppression of heavy flavor mesons (mainly D particles) with respect to
binary scaling has been observed and an indication of its increase from
peripheral to central Au+Au events has been obtained.
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The first preliminary results on soft thermal photon spectra emitted
in d+Au and Au+Au collisions at 200 GeV/c per NN palr have been
obtained. The overall analysis is in progress.

Proton-lambda and neutral kaon correlations in Au+Au colllslons at
200 GeV per NN pair have been studied within the STAR femtoscopy
working group. The measured radii of kaon, proton and lambda sources
agree with the transverse mass scaling thus indicating a ‘universal
collective flow. The spin averaged s-wave proton-antilambda scattering
length was estimated for the first time [43]. Plenary and invited reports
on correlation femtoscopy were respectively given at the 18%
International Conference on Ultra-Relativistic Nucleus-Nucleus
Collisions [44] and Workshop on Particle Correlations and Femtoscopy
[45].

The LPP specialists participate in the international prOJect for a
precise and direct determination of the flux of the solar neutrinos
produced in the Be7 electron capture process in the Sun to study the
phenomenon of neutrino 0sc1llat10ns The low energy solar neutrino
spectrum will be measured by using calorimetric, liquid scintillator -
and low background detector BOREXINO located at-  the
underground laboratory Gran Sasso, Italy. Operatlonal act1v1ty in
2005 was as follows [46-52]: : :
- CTF vertex reconstruction tests were carrled out by. usmg a
radioactive source (SHZ) for several months. A -set: of
measurements was performed on z,x-axis. A study of systematic
errors due to miss-reconstruction has been done. Using the chain
Bi-214-Po-214 the spatlal accuracy ofl ~2 cm was obtained.
- The nitrogen plant is now able to remove the cosmogemc :
activity of Ar-39 and Kr-85 to the level of one count/day. This is
a result of using pickling and passivation' to perform the final
precise cleaning. All plants (water plant, N2 plant, purification
of scintillating liquid, master solution. etc) were. checked and -
completed, commissioning has been done.
- A new method of alpha-beta dlscnmmatlon stable to the dnﬂ of
characteristics of detector, has been tested. o
- A low and high energy. cahbratnon of CTF detector has been
fulfilled.
15



. Off-line preparations of algorithms :
-~ spatial reconstruction
- alpha-beta discrimination and pulse analysis
. Flush Adc —data analysis
All is in the stage of active testing and discussion between different
groups of collaboration.
- A method of event detection by using laser effects has been
suggested and preparation of the proposal is in progress.
The operations in 2006 are expected to bring the Borexino detector to a

‘data takmg stage

: 2. PREPARATION OF NEW EXPERIMENTS
The main effort of JINR in the CMS Project is concentrated on the
design and construction of the end-cap detectors, where JINR bears full
responsibility in the frame of the RDMS CMS Collaboration: End-cap
Hadron Calorimetry (HE) and First Forward Muon Station (ME1/1).

The main: JINR obligation on construction of Endcap Hadron
Calorimeters has been fulfilled. In co-operation with IHEP (Protvino),
NCPHEP (Minsk), HTTC NIKIET (Moscow), MZOR plant (Minsk),
ISC and NSC KIPT (Kharkov) both HE endcaps were delivered and
assembled 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 in the construction of the endcap
hadron calorimeters. In particular, the technology of brass production
out of artillery case cartridges for calorimeter absorbers, was developed
by NIKIET (Moscow) in cooperation with St. -Petersburg plants.
Dressing of the both endcap hadron calorimeters at CERN with front-
-end electronics, photo transducers, laser and radioactive source systems
was completed in 2005. Construction and calibration databases are
developed in- cooperation with LIT JINR. Calibration of the
calorimeters with the laser and radioactive sources is going on well to
be completed before the Magnet test.

The JINR obligation on proportional chamber construction for ME1/1
muon stations was also fulfilled. All ME1/1 cathode strip chambers
including spares were delivered from Dubna to CERN. Installation and
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tests of the cathode strip chambers for the both ME1/1 muon stations in
the SX5 surface hall were completed in 2005. The detector database
was developed in cooperation with LIT, JINR. Commissioning of CSC
in SXS5 is going on.

Mass-production of silicon radiation hard detectors 63x63 mm? in co- -
operation with RIMST (Zelenograd) is going on the schedule. By the
end of 2005 year 1865 out of 1975 detectors paid by Russia were
produced. The Dubna regional center was prepared to assembly the
detector-modules. A part of the produced detectors was. tested for
radiation hardness at IBR-2. The detector database was developed at
JINR and installed at CERN fo treat the  data of the detector
measurements.

Now the CMS physics program is the first priority task for RDMS.
During the 2005 year the intensive work to develop the CMS Physics
Program within a special CPT project (Computing, Physics, Triggering)
was continued by the JINR and Member States physicists. The Dubna
group activity covered the file of the analysis group relative to the
specific  physics studies (Standard Model, SUSY ‘and Beyond the
Standard Model, Heavy Ion) and four “detector” groups are focused on
methodical work and development of reconstruction and analysis
software related to the detector sub-systems: Jet/MET (HCAL),
e/gamma (ECAL), Muon, B/tan (Tracker). The main results of
theoretical considerations and full-scale simulation performed by JINR
group were included in the Computlng TDR and the Physics TDR
Vol.I CMS Collaboration.

The development of reconstruction software for muon reconstruction is
continued. The performance of CMS Muon system to detect dimuon
pairs in TeV invariant mass region was specified. It was shown that the
expected invariant mass resolution for these events was better than 4%

for Drell-Yan muon pairs with invariant masses- greater than 1 TeV and
the off-line reconstruction - efficiency was close .to 98%. The
optimization of CMS trigger is continued. In partlcular it is shown that
cuts for calorimeter isolation should be removed from the trigger
solution for high-pt muon triggering. The influence of the misalignment
effect on the performance muon system was studied. A special study of
the CMS trigger system has shown that about 85% of the events have
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muons in the fiducial volume of Muon system [n|<2.4 and that the total
tngger efficiency is about 90%

The data processing of the combined EE+HE+MEL/ 1 Beam Test was
completed. A good agreement between the beam test results and

GEANT4 simulation has been demonstrated. The spatial resolution of.

HE CMS Calorimeter has been derived from the beam test data.

It was found out that Standard Model predlctlons could be checked by
CMS for the Drell-Yan processes up to the invariant mass value of 3
TeV for integrated luminosity of 300 fb? (three years of LHC operatlon
“at high luminosity regime).

" The total systematic errors in measurable cross sections coming from
- misalignment, momentum smearing by the detector and software
deficiency etc, were analyzed. Their values are about 5% while
-systematic uncertainties induced by theoretical amblgulty (PDF QCD
--and EW high-order correction) are above 8-9%. :

The CMS discovery limit to observe new phenomena beyond the
‘Standard ‘Model was derived. The new heavy resonances predicted by
~ scenario with extra dimension at TeV-energy scale and extended gauge
models, can be manifested experimentally in dimuon modes upto 1.6 =
3.5 TeVin dependence on the model parameters. In the case of non-
resonant phenomena, such as indirect estimates of fundamental energy
, scale of extra dimensions and search for multidimensional gravity in
,scenano of ADD type, the study of dimuon spectra allows one to reach
the value of the effective Planck scale at the order of 7 TeV.

“To discriminate the models giving the dimuon resonances in the final
. state, various methods of sophisticated analysis of the spin structure of
these events and leptonic forward-backward asymmetry, were applied.
The angular distribution of muons in the final state can be used to
 distinguish the spin-1 and the spin-2 resonance states, at least in the
- mass region up to 2.3 TeV. Different Z' models can be distinguished (up
 to the mass value of 2.5 TeV) by usmg the leptonic forward-backward

asymmetry

" The. jet reconstruction algorithms tand calibration techniques

. implemented in the CMS reconstruction software are studied with high-.
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statistics Monte Carlo samples of QCD dijet events.. The systematic
effects of the procedure of jet-energy scale callbratlon with gamma et
events, have been studied. : 4 . o

The development of the - -soﬂware .paekage - for
B? > JIly(—> u*p)p(—> K*K™) event analysis was completed. The

results on CMS group activity in 2005 were pubhshed in 14 papers [53—
66].

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 Calonmeter
(LATrHEC) and Transition Radiation Tracker (TRT). :

The work in the assembly hall ( building 180 of CERN") was going
on. There were 2 cryostats (cryostat “C” and cryostat “A”) in the
assembly area of the ATLAS endcap cryostats. Each cryostat is housing
a set of 3 calorimeters — electromagnetic, hadronic and forward. Both
cryostats were closed ( the “C” cryostat had been closed in 2004 ) and
successfully passed vacuum tests. Also, during that year in the both
cryostats the high and low voltage, calibration and signal cables were
checked at the room and liquid argon temperatures. The tests showed
that relative number of the subsystem’s elements, which were not
properly - functioning, was always less a 1%, and it ‘was afully
acceptable level. After putting down the cryostats to the ATLAS pit and
placing them to the beam line, the “warm” and “cold” tests will be
repeated to have the final figure of all calorimeters elements before the
start of operation with the LHC ‘beams. In December 2005 the cryostat
“C” is planned to be put down to the ATLAS pit, and the 2™ cryostat —
to be moved from assembly area of bld.180 to the ATLAS shaft. The
work on final assembly of front-end printed boards, which serve to
readout signals from the liquid argon hadronic ‘endcap calonmeter
started. In parallel the general tests of these printed boards are going on.
The total number of the printed boards to be passed through the general

- tests is equal to appr. 1500 pcs.

The general purpose ATLAS software, known as “ATHENA” , Was
installed on the PC farms of LPP and LIT . It allows one to work on the
wide range of problems starting from analysis of the experimental test
beam data, recorded during previous years, ‘up to modeling of different
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physical final states, which may appear in pp-collisions at LHC and can
be registered by the ATLAS detector. Using this software, the large
scale simulation of single particles (pions, electrons and muons of both
signs) passed thought ATLAS detector in the energy range from 10 to
1000 GeV and in the polar angle range, which covers boundary area
between the calorimeters of the barrel and endcap parts of the detector,
started. The purpose of this work is to develop the most precise
procedure by using full Monte-Carlo information to reconstruct
energies of the incoming particles or jets, causing showers in the
calorimeters in the mentioned above zone. For every from 10 energy
values 25000 events will be generated and reconstructed and . this
number of events must be sufficient to reach the final goal of the
generation. In the near future it is planned, to study at least 2 physical
processes:— production of pairs of the point-like Dirac monopoles and
simultaneous production . of Higgs boson and top-quark in pp-
interactions at 14 TeV energy in the center mass system by using the
installed Monte-Carlo program. As it is well known, the LHC collider
will be subjected by 2 steps-of further development after a period of
running with the nominal values of luminosity and beam energy —
increasing by 1 order of magnitude of the luminosity and later doubling
the beam energy. Increasing of luminosity is the most complicated
problem for the calorimeters. The institutes, that participated in the

construction of the ATLAS liquid argon calorimeters, have prepared -

and submitted a project to INTAS. In case the project is accepted, the
ATLAS calorimeters like minimodules will be studied on the proton
beam extracted from the Protvino accelerator and this will simulate the
LHC with increased luminosity conditions. In 2006 year JINR plans to
construct a liquid argon temperature measurement system as well as a
hadronic minimodule with the electrodes structure as in the' ATLAS
detector. The U-70 beam run will be performed at the end of 2006. ;
: According to the JINR obligations in the ATLAS experiment, the
LPP also participates in the construction of the Transition Radiation
Tracker (TRT). The main effort of JINR in the Project is concentrated
on- the\ design and construction of the end-cap B-type detectors
(Wheels). A part of the produced detectors was tested for radiation
hardness at IBR-2. Each end-cup B-type wheel was tested in the WTS
~at JINR. In 2005 the JINR MoU obligations regarding the ATLAS
,> 20

Transition Radiation Tracker (TRT) were completed. About 104450
straws were produced and mounted in the seventeen straw Wheels.
Sixteen Wheels passed the final testing in the building hall 154
(CERN). The last 17" wheels will be delivered from Dubna to CERN in
Dec. 2005. JINR also participates ‘in preparation' and production of
services for TRT readout to be installed in the pit. Mass-production of
the full cable system is going on and more than 50% of the harnesses
has already been sent to CERN. Preparation for the Wheels integration
is going on in SR building. The assembled end-cap C (50% of the end-
cap TRT) with the 8 B-Wheels and the 8 A-Wheels is under checking.
The second half of the EC TRT is supposed to be assembled by the end
of Feb. 2006. The main effort of . LPP is concentrated now on the
integration and preparation to-install the ATLAS Inner Detector and
commission it. The LPP specialists  have developed a set of the
technical documentation for the assembly, transportation  and
installation of the ATLAS Inner Detector: the trolleys; the rolling
system for the TRT and SCT integration; the turn-table for the 1'D
installation into the LAr Calorimeter cryostat;: the: heaters for: the
PIXEL, SCT cooling systems and support systems for suspension of the'
Beam pipe and the Pixel support tube; etc. In cooperation with MEPHI
and LPI (Moscow) LPP participates in reconstruction of the online
monitoring software tools -for TRT commissioning and operation.
Particularly it is very important for the detector calibration and
parameter tuning next year during the cosmic run for the final TRT to
the ATLAS data stream.

The experiment NIS at the JINR Nuclotron is aimed at searching for
effects of the hidden polarized strangeness of nucleons. The most
striking of these effects is a strong violation of the Okubo-Zweig-lizuki
(OZI) rule. The search for effects of the nucleon polarized hidden
strangeness in production of ¢ and ® mesons in ppand np scattering, is’
proposed. The measurements of the cross sections of the ¢ and ® meson
production in pp and np scattering I '

ptp—> ptp+é, o

ptp—> ptpto,

d+p — n+p+é+p;s
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at 83, 100 and 120 MeV above their thresholds, are planned at the
extracted beam of the JINR Nuclotron. The total beam time. for these
measurements in 3 correlated energy points is about 100 days. The
cross sections of ¢ and @ production were measured [67] in DISTO
- experiment at SATURNE-II. Measurements of ¢ production were

published by SPES-III [68] and COSY-TOF [69] collaborations.

Evidence on OZI-rule violation (factor 6 to 13) was observed. It should
‘be emphasized that to find the OZI-rule violation in proton-proton
interaction is crucially important for the very notion of the nucleon
polarized hidden strangeness. This violation was found ‘in the
antiproton-proton interaction and it is important to see whether this
- effect also exists in the nucleon-nucleon system. Significance of the
-OZl-violation problem is well emphasized by the fact that in the last
two years the investments have been made to increase the energy limit
of COSY. accelerator up to 3.8 GeV and measure ¢ meson productlon at
- ANKE setup [70, 71].
- The :search for exotic baryons with positive strangeness in pp
scattering and investigation of their properties, is suggested. The
- proposal. is motivated by the very recent claims about a possible
discovery ‘of an exotic narrow baryon resonance which™ cannot be
formed by three constituent quarks. It is expected, that at the @
production cross section of 0.07 ub it will be possible to get not less
- than 1000 ®@-events at the same energy point in 40 days of the "live"
beam time. As a by-product of the proposed ®-baryon search, an
~ additional data point on pp in ppd reaction cross section can be
~ measured at the energy excess € ~ 316 MeV over the ¢ production
‘threshold The search for other members of the ®@-baryon fam11y,
 predicted in theoretical papers trlggered by the experiments [72], is
possible. Of a particular interest is a search for multiplet members with
a-multiple electric charge. The experimental setup at Phase I will
include a tracking system based on a large area of MWPCs from
EXCHARM and newly produced MDC chambers inside the gap of the
analyzing magnet; straw tube chambers should be added at Phase II. A
part1ele identification system based on time-of-flight measurements in
combination with measured momenta, will be used. The total beam time
- for the planned measurements should be about 140 days.
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At present, the NIS setup is under construction. A part of the main
detectors (MWPC, TOF-detectors based on RPC) has been,mounted on
their place (4V beam- line in the bld. 205 of LHE). Methodlcal studies
are in progress (tests of detectors, studies of backgrounds) on the
Nuclotron beam and on the test-benches (with r/a sources and cosmic.
rays). The liquid -hydrogen target and its support are - produced.
Manufacturing of the first MDC is . almost completed; the work on
preparation of the start-detector made of scintillation fibres is close to
completion. The first beam profile-meter was manufactured, tested and
is ready for operation; elements of the other 2 profile-meters are: belng
produced. R&D and tests.of multichannel TDC and QDC modules in
VME standard have been finished; their mass-production has ‘started.
R&D on high voltage cells for RPC and MDC has been completed;
mass production of the cells and control modules has started: Front-end
pre-amplifiers for MDC and SciFi detectors are being prototyped.
Modules. of.trigger - logics are in. R&D- and - prototyping stages.
Necessary software .tools have been developed; software -for on-line
data taking at test-benches and at the beam; Monte-Carlo tools; tools for
the event reconstruction. The main components of the NIS setup were
successfullyktested. at the extracted Nuclotron beam. The future plans
are: commission of the setup; calibration: measurements at- the
Nuclotron beam with a subsequent data taking accordmg to the phys1cal
program of the project. . - .

The setup necessary for the NIS pro_]ect can be also used as 1tself for
a number of other experiments. Some of them, related with strangeness
production, have been outlined above. Note, that in most cases these
experiments can be done at the polarized proton and deuteron beams
from the Nuclotron as well, thus adding to the world data basic unique
information on. spin-dependent observables .in these reactions. The
physical program of the above mentioned studles is descrlbed in‘refs.
[73-76]. : : :

3. ACCELERATI()N TECHNIQUES : -

‘The LPP specialists participate in construction of the Transverse
Damping System at LHC. The construction of deflectors and powerful
broadband ampllﬁers for the transverse feedback system (TFBS) for the
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LHC beam was the main direction of the activity in 2005. The main
task for that year was a batch production of 20 deflectors and 4
powerful broadband amplifiers. Designing of these devices has been
carried out at LPP JINR. The Ural factories have made 19 (out of 20)
vacuum chambers from domestic steel. For maintenance of high
vacuum the unique technology of welding with thickness of a seam not
less than 1.5 mm, has been applied. The technology of processing has
been developed and successfully used for maintenance of the required
accuracy of cylindricity of the internal surface of chambers by cutting
with a specially made diamond tool. Accuracy of processing at which
the deviation (rejection) of the chamber axis does not surpass +0.25 mm
at length of 3.2 m (internal diameter of the chamber is 100 mm) has
been achieved in correspondence with LHC  specifications. The
manufactured vacuum chambers have been successfully tested at the
vacuum: stand LFCH. The vacuum chamber Ne 1 is certificated by
CERN. Now work on certification of other chambers is performed. 20
electrode units for deflectors, system for their assembly and installation
in the vacuum chamber deflector, and also 10 supports for deflectors
have been made at the JINR Workshop. Preliminary metrological
measurements at CERN have shown that the accuracy of manufacturing
of these units corresponds to the LHC specifications. Ne 1 and Ne 2
powerful broadband amplifiers have been made and successfully tested
for a full voltage £7.5 kV on the specialized stand at LPP JINR and at
half of the voltage on a new stand of CERN (employees LPP JINR
took part in construction of this stand in 2005). Installation of amplifiers
Ne 3 and Ne 4 is carried out. The 4 manufactured amplifiers are at
CERN where their acceptance after necessary testing is carried out, 16
vacuum chambers and 20 electrode units have been transported to
CERN. 3 vacuum chambers and 10 supports have been prepared for
transportation to CERN. Now employees of LPP JINR together with
experts of CERN are working to complete vacuum clearing of

deﬂectbrs at CERN, to carry out their final assembly and preparation
for installation in LHC tunnel. '

o In .the.fram.e of the CLIC project aimed to provide a new level of

1{1vest1gat1.ons‘ in the field of particle physics by an electron-positron

linear collider of TeV energy range, LPP participates in preparation of
P 24

the test cavity undergoing the action of 10® pulses with the power 2 — 30
MW and duration of 150 — 200 ns to study the lifetime of the
accelerating structure of the CLIC collider with respect to pulsed
repetitive heating. e

The microwave test facility constructed at -LPP JINR has been
designed for experimental definition of lifetime of accelerating structure
of an electron-positron collider with respect to pulsed cyclic heating at
the frequency of 30 GHz, the operating frequency of the CLIC collider.
At high operating frequency of the collider accelerating structure, the
induced thermal stresses can exceed the elastic limit of the material and
microscopic alterations in its structure can induce damage. This type of
the damage known as cyclic fatigue occurs generally on the surface
because of irregularity in the crystal lattice. Strains or stresses needed
for the occurrence of the damage due to cyclic fatigue are much less
than the ones required for the similar damage of the metal undergoing
static warping. '

The most significant scientific results obtaihed during 2005 are [77-80]:

) ‘Elimination of RF breakdown in the test cavity and the output
window of the free electron maser (FEM) when reaching the
designed parameters, has been elaborated. To  eliminate - RF

_ breakdown in the test cavity module, a new test cavity has been
‘manufactured at LPP. Its working surfaces were machined with a
higher purity degree while several technological imperfections in
the previous design were removed. To eliminate the breakdown at
the FEM output window, the integrated optimization of the length
of the FEM output Talbot waveguide and of the position of the
FEM vacuum window, has been' performed. The ‘optimization
included simulation, cold measurements and experiments with the
beam. ' A

. After removing the breakdown at the FEM output window, the
breakdown of the air channel afterwards the wavebeam extraction
from the FEM was detected. Choice of the optimal way to suppress
the mentioned breakdown is coordinated now with the IAP RAS
collaborators (Nizhny Novgorod, Russia). Overcoming of this
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breakdown is scheduled between the 2nd and 3rd stages of the
: Agreement

e The intense parasitic osc1llat1on of FEM at the frequency of
- 34.35 GHz, has been eliminated.

e  The data acquisition system collecting m1crowave radiation

" parameters in several places of the facility as well as the electron
~ beam paramieters in every pulse of the facility operation, has been
- prepared for operation. The adjustment of the system of the
"diagnostics and processing of the microwave signals for power,
spectrum etc, has been completed.

o A precise- calorimeter has been manufactured and calibrated. It
allows one to measure the microwave radiation energy in each
pulse at different space points with a high accuracy.

. Systems of stabilization of the high-voltage modules of the

o linac (electron gun and modulators) have been manufactured. The

- accuracy of the stabilization is about 0.2%. The adjustment of
these modules in the operating reglme has been completed.

The following workss are scheduled in 2006:
1. The facility operation dur1ng the run acquiring 10 pulses will
- be analyzed. Corrections in the test cavity design for the third
- stage (106 pulses), will be made.
2. Investigations to reduce the offset of the l1nac electron beam
from the axis, will be carried out.
3. The work on introducing the stabilized power supplies of linac
- magnetic systems, will be continued.
‘4. The system of on-line control of the linac and FEM output
parameters, will be put into operation.
After completion of these works, the run acquiring: 10° pulses is to
be started accord1ng to the CERN-JINR Agreement No. K723/PS
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In the framework of the: innovation activity .on Development of
Accelerator for Radiation Technologles the following works

have been done.

A series of very 51mple compact and cheap accelerators for the .
radiation technologies based on cold cathodes with threshold emission
characteristics, the low-frequency (100 kHz) coaxial resonator and the
transistor converter of electrical power from 50 Hz to 100 kHz, has
been developed.

Experimental investigations of scale models and the prototype of the
accelerator, tentative operation of.accelerators in Japan and China have
confirmed high efficiency of power transformation of an electrlc
network in the electron beam power.

The basic directions of works in the future: adaptation of accelerators
for concrete technological processes; modernization of accelerator
systems to reduce the operation costs and simplify running; increase of
the power and energy of electron beams up to 100 kW and 500-700
MeV, respectively. :

4. COMPUTING

The goal of the project is to construct a modern computing
infrastructure at LPP JINR for ongoing exper1ments on particle and
nuclear physics. ~

Main results obtained in 2005:

e The power of the LPP-LHE PC-farm has been increased by
more then 2 times in comparison with 2004 and by 4 times in
comparison with the of the beginning of the project. The total
number of CPUs 66 (34 computers); including CPUs for batch
processmg 36 (18 computers).

e A disc space for users has increased by ~2,5 times in
comparison with 2004 and is 14.3 TB at the moment.
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e The ATLAS experiment has started to use actrvely the LPP-
LHE PC-farm.

e A number of new working places has been connected in
different ways to the local subnets of the Laboratory.

e An area of the confident work of w1reless equipment has been
extended. B
e Work on effective connection of LPP employees to the JINR
computer network from home computers, is carried out.

As a result of the development of the computer infrastructure, LPP
became. for the first time the largest user of the external network
channel at JINR.

e The conference-hall and the videoconference-hall have
- been fully equipped with the advanced technique.

e Work on centralized IP-telephone usage at LPP has
started.

The main results have been published in [81,82].
Expected results in 2006:
1. The power of LPP-LHE PC-farm will be increased at least by
- 20% with purchasing and installation of modern computers and
, communication equipments.

2. A new version of LINUX will be installed in PC-farm
computers.

3. Possibilities of wireless usage to connect the LPP local subnets
will be enlarged.

4. New GRID-technologies for the running experiments in partlcle
physics will be tested.

5. The study of centralized usage of IP-telephony will be
continued.
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