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PHYSICS (SHORT)

- Single-spin asymmeties: inclusive and exclusive reactions,
including elastic, of the light (u, d, s — quarks) hadrons in the
beam fragmentation region with polarized beam or target

 The hyperon and vector mesons polarization and
depolarization

- Study dependence on kinematic values (0<xg <1, 0< p;<2.9,
12<Eg,,, <70 GeV), event multiplicity and atomic number with
high precision due to full azimuthal coverage within the wide
aperture

* Double-spin asymmetry A, in charmonium production to study
gluon polarization AG/G(x) at large X
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STAGE 1 PHYSICS

« Systematic study of spin effects for the particles from light
(u,d,s) quarks:

* Single-spin asymmetry in unpolarized beam fragmentation
region

* Exclusive meson production with the registration both
neutral and charged particle. Expected asymmetry 30-
40% and oscillation.

* Asymmetry in the reaction 7p+— a,(980)n->n(550)7n
will be measured for the first timel

* Inclusive reactions
* Hyperon(?) and vector-meson study
* Single spin effects with polarized proton and antiproton beams
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EXISTING EXCLUSIVE AND INCLUSIVE
MEASUREMENTS
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INCLUSIVE STATISTICS WITH I1--BEAM
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SPASCHARM WITH K--BEAM AND ANTIPROTONS
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EXPECTATIONS (SIMULATIONS) FOR INCLUSIVE
REACTIONS

e Asymmetry
measurement statistic
errors In reactions

p.— W(782)X, pX,
é58 X are 0.3+3%

for dlfferent Kinematic
intervals

e Accuracy Iin the
reaction mpy—
f,(1270) X Is even
better (0.1+1%)

V. MOCHALOV, SPASCHARM EXPERIMRNT

22.10.2014 8



STAGE 2 PHYSICS

e Stage 2 with polarized and un-polarized beams and without
polarized target:

e Single-spin asymmetry A, in J/w and y,/y, inclusive production
polarized proton beam. Expected statistics (conservative) for 40 days of
data taking is:

p (40 GeV) beam (107 p/cycle): 20000 J/y and 2500 y./y, states.

e Statistic error of J/¥asymmetry measurements is 7% for

e The cross-section ratio for xF{ZQ production will be measured to
determine the mechanism of charmonium production using pion and
proton beams.

e Stage 2 with longitudinally polarized beam and target:
e Double-spin asymmetry A,, measurements to study AG/G(x).

e Ay measurements for Drell-Yan pairs to study transverslity h(x).
Simultaneously Ay, and Ay in J/w, y./x,. production will be studied.

e Double spin asymmetry measurements at different channels
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Leader et al, PRD 82, 114018 (2010)
Fit to DIS and SIDIS data

PROTON SPIN STRUCTURE |

‘ EMC’ HERMES, CMS discovered, - == LSS"0 (pos) 0.3250.1
that spin of the proton is not the s

sum of quark spins (only 30%) |

* Gluon contribution seems also

small (between 0 and 20%) )
DSSV, PRL 113, 012001

* QOrbital moment contribution is 0.04
required

« Nevertheless RHIC announced
first observation of non-zero
AG/G. evidence for positive gluon
polarization:

* 0.23+£0.07 for 0.05 <x < 0.5
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CHARMONIUM MONTE-CARLO SIMULATION
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SPASCHARM SETUP — MULTIPURPOSE DETECTOR




DETECTOR DESCRIPTION
« Tracking system AP/P=0.4% at 10 GeV/c:
« Spectrometer magnet (1.5 Tm Field), full aperture 250x500 mrad,
« 2 GEM stations,
5 thin-wall drift tube chamber stations (20 plates, 60 sub-planes)

« Particle identification
« Cherenkov 1: pions above 3 GeV/c, kaons above 11 GeV/c,
« Cherenkov 2: pions above 6 GeV/c and kaons above 23 GeV/c,

« Hodoscopes as TOF (p/K-separation up to 2.5 GeV, K/pi up to 1.5
€1=\Y))
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DETECTOR 2

+ Fine-segmented lead-scintillator electromagnetic
calorimeter (shashlyk-type): o(E)/E=1.3®2.8/sqrt(E),
5.5x5.5 cm cell size (Full transverse size 2x3 m)

« Compensated lead-scintillator hadron-calorimeter
(sandwich, 7 int. length, about 50/sqrt(E))

. : 2 Scintillation fiber hodoscopes (fiber
width 0.44 cm), GEM station, Threshold Cherenkov
counters

- Tagging system in the intermediate focus, beam
momentum measurements and absolute polarimeter

( )
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SPASCHARM POLARIZED BEAM OPTION

» Beam will be delivered to external target (up to
2-10"3 p/cyc.) to create secondary beams in the
beam-line 24

» 24A - polarized beam channel (polarized protons
and antiprotons, unpolarized hadron and electron
beams)

 24B — unpolarized hadron and electron beams

V. MOCHALOV, SPASCHARM EXPERIMENT 08.09.2014 16



b | |

SPASCHARM BEAM-

INE 24A

i |65 4 . I

=t 7 |
L el || L) - L [ ] ]

o — I — ] e ‘

V. MOCHALOV, SPASCHARM EXPERIMENT 22.10.2014




OPTICAL SCHEME CHANNEL 24A

M3 Q56 a7-8 M4

Main optic scheme for polarized beam p<40 GeV/c from hyperon-decay.
Q - quads, M — dipoles K - collimators, T, T, — targets (channel and
experiment), green — spin flipper (

)
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SPIN FLIPPER (SHATUNOV TALK)

2 Helical magnets:

B,... =47 kGs; A=2.5m
Correctors:L=30 cm; B= 23 kGs;
tilt =+ 0.1 rad;

Total length 6.5 m

Flipper optics: practically is
equal to empty straight 6.5 m;
S
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POLARIZED PROTON BEAM 40 GEV/C

Momentum collimator position Min Max

Momentum spread Ap/p, % +4.5(c=21) 11.0(c=5.3)
Beam size, oy x oy, mm 13 x 11 17 x 14

Beam divergence oy x oy, mrad 1.6 x 2.0 1.5x1.9

Full intensity for 10" protons in the 4.9x10’ 1.3%108
target at 60 GeV

Polarized proton beam energy may vary between 12 and 50 GeV
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POLARIZED ANTIPROTON BEAM (14 GEV/C)

Momentum collimator position Min Max

Momentum interval Aplp, % +5.5 (0=2.3) 12.0 (c=5.6)
Beam size, oy x oy, mm 18 x 19 20 x 19
Beam divergence oy x oy, mrad 1.6%x1.9 1.5%x2.0
Full intensity for 10'® protons 1.4%105 3.9%10°

Anti-proton P, GeV/c Full anti-proton beam intensity for 10'® p/cyc. @ ext. target
10 1.9%105
14 3.9x10°
20 3.4%10°
30 9.3x10%
40 1.6x104
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WHY ANTI-P P IS INTERESTING?

1. Simply there are no (almost) data.

2. Direct access to annihilation channel (pp reactions
give mainly access to gg processes and gg-
Processes):

* Access to “heavy” (¢,s) quarks..., light glueballs (if
higher intensity - exotics, hybrids...)

 Access to the nucleon spin structure (DY,
transversity...)

» Even Possibility to search for CP violation in
polarization experiments (not SPASCHARM task)
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COMBINATION OF P-P,PI-P AND ANTI-P-P
STUDIES

o (0= (0)+2| c®(0)+ ¥ (0) |+mope
-l FE LA |- LA G oA 11}
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Charmonium J/w and y;/y, production:
In pp-reaction g-q(bar) contribution is less than 10%,

In pp(bar)- qg-bar annihilation gives 95% contribution
Similar behavior for meson(?)
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SPASCHARM SCHEDULE
» SPASCHARM

» 2014 — Setup commissioning

« 2014-2016 — SSA measurements with the new Dubna polarized
target at the beam-line 14

e 2017 — Transition to the beam-line 24

« 2017 - Start of the SSA measurements with the polarized beam
* Polarized beam at the beam-line 24

» 2014 - Final design

+ 2015-2016 - Construction

« 2017 - Commissioning
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SPASCHARM “FIRST DAY” EXPERIMENTS

* “First Day” —

» 2015 - Single spin asymmetry in charge pion
production (7= and their combinations-p...)

» 2016 — combination of neutral and charged pions

( , ...) both inclusive
and exclusive.
» 2016-2017 — Kaon kombination ( ) and

moving to polarized beam channel
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CONCLUSIONS

New experiment SPASCHARM, devoted to systematic study of
polarization phenomena in hadron-hadron interactions, is under
preparation (commisioning is started)

Detection of charged and neutral particles in the final state in a wide
solid angle will allow to explore dozens of reactions (spin PDG) using
different beams and targets

A special feature of the experiment is the simultaneous
measurements of different spin-dependent physical observables
(SSA, the polarization of hyperons, the spin density matrix elements
for vector mesons, spin transfer parameters)

Polarized anti-proton beam gives us unique possibility
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CONCLUSIONS-2

* The Setup allows to detect particles kinematic parameters with
high precision, which is crucial for charmonium study as well as
for the separation of resonances from combinatorial background

« SPASCHARM will measure polarization effects with
unprecendent accuracy, especially with polarized beam

» SPASCHARM will start physics in 2014 (
)
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