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The Hadron Physics Program
at COSY-ANKE: selected results

June 26, 2013 | Andro Kacharava (JCHP/IKP, FZ-Julich)
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Introduction: Program overview

COSY proposal #152
ArXiv:nucl-ex/0511028
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Introduction: COSY storage ring

COSY (COoler SYnchrotron) at Julich (Germany)

® Energy range:
0.045 - 2.8 GeV (p)
0.023 — 2.3 GeV (d)
® Max. momentum ~ 3.7 GeV/c
® Energy variation (ramping mode)
® Electron and Stochastic cooling

® Internal and external beams

» Hadronic probes: protns, deuterons

® High polarization (p,d)

. ® Spin manipulation
> Polarization: beam and targets
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Introduction: COSY overview

Hadron physics with hadronic probes

» ANKE
» WASA

> EDM
(BNL/JEDI)

» PAX

>

... the machine for
hadron spin physics
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Apparatus: ANKE spectrometer o JULICH

Tm

TOF-stop Tt TOF-stop

TOF —start ND A DS,,,
: ‘ MWPC i

Target

MWDC, MWPC

TOF-start

scintillation

WM 2 counters

Main features:

»  Excellent Kaon identification (Positive and Negative)
»  Low energy proton (spectator) detection (STT)

»  Di-proton ({pp}.) selection (by FD)

»  Polarized (unpolarized) dense targets




JULICH
Apparatus: PIT at ANKE

Atomic

Polarized Internal Target (PIT):

» Polarised H (D) gas (ABS) in the cell
*Q, =0, -1, +1, high degree >90%
* Density 2 1013 cm-2

Storage cell: 20 x 15 x 390 mm3
Lamb-shift Polarimeter

A\

A\
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~
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cosybeam GG
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o — -

Lambzghift
Polarimeter

Target c':‘hafnbeff!?“-‘—
hosting ST'T, storage cﬁir
“or jet catcher
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NN scattering: Motivation (pp)

« Description of nucleon-nucleon
interaction requires precise data fo
Phase Shift Analysis (PSA)

r

« COSY-EDDA collaboration produced

wealth of data (35°<6,<90°) for
pp elastic scattering

« Large impact on PSA > 0.5 GeV:
Significantly reduced ambiguities
in I=1 phase shifts

* No exp. data at smaller angles
(6,<35°) above T,=1.0 GeV
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NN scattering: Motivation (np)
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NN scattering: Measurements at ANKE

» np system: different isospin channel

> via Charge-Exchange deuteron breakup:

ol

deuteron beam: dp—{pp}<(0°)+n
deuteron target: pd—{pp}<(180°)+n

dp observables: do/dQ, T,, Ty, C,,

I
guasi-free

|
np observables: A, A,,, C

yy’ CXy,y

» Transition from d — (pp)1so:
pn — np spin flip

» np spin-dependent
amplitudes:

do
E:]’TZO’ T22 :’”2 +’/8|2”6[2”£‘2




NN scattering: pp elastic

= do/dQ at 8 beam energies: Tp = 1.0, 1.6,
1.8,2.0,2.2,2.4,26,2.8

= Precision measurements:
» Luminosity by Schottky technique ~ 2%

» Absolute cross section ~ 5%

Details: Stein et al., PR ST-AB 11, (2008)
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NN scattering: pp elastic (A )
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= 0.8 GeV
ANKE exp., April 2013, P

on-line fast analysis

Ay for pp elastic (ANKE) at 6 beam
energies: T,=0.8,1.6,1.8,2.0,2.2,2.4

Only FD system is used (up to now)

D

ANKE 2013

SAID

— @ COSY ALTMEIER, EFJAZ23, 351(2005)
— B KEK KOBAYASHI, NPA569, 791(04)
— & KEK KOBAYASHI, NPA569, 791(94)
— % LASL BEVINGTON, PRL41, 384(78)
————— CERN ALBROW, NPB23, 445(70)
— F— LASL BEVINGTON, PRL&1, 384(78)

— < LASL MCNAUGHTON, PRC23, 1128(B1)
— 4 LASL IROM, PRC25, 373{82)
—&—— LAMP GLASS, PRC47, 1369(93)

—— — LAMP GLASS, PRC47, 1369(93)

— % LAMP PAULETTA, PRC27, 282(83)
———— LAMP BARLETT, PRCZ7, 682(83)

— = LAMP BARLETT, PRCZ7, 682(83)

Beam polarization from EDDA
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= 50 to 65% (Preliminary)

ANKE data shows different shape
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compared with SAID at higher energies!

ANKE 2013
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——#—— COSY ALTMEIER, EPJAZ3, 351(2005)
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— % KEK KOBAYASHI, NPASE, 791(34)
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———— KEK KOBAYASHI, NPASE, 791(34)
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—F—— KEK KOBAYASHI, NPASE9, 791(24)
—— —— CERN ALBROW, NPB23, 445(70)
——<—— ARGO PARRY, PRDE, 45(73)
——¥—— SATU ALLGOWER, NPAG3T, 231(98)
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NN scattering: np system

Di-proton program: {pp}in 1S, state

Deuteron breakup: dp = {pp}.n
(polarized beam)

» np-data at T, = 1.2 GeV:
Proof of method !

» theory: Impulse approx. with current

SAID input (pDB&CwW, NPA 467, 1987)

Achievements:

 Method works at T, = 1.2 GeV

 Application to higher energies
T,~=1.6, 1.8, 2.27 GeV
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D.Chiladze et al. EPJA 40, 23 (2009)
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NN scattering: np system (d o/dqg, A;)

D.Mchedlish. et al., EPJA 49, 49 (2013)

Analysing powers
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do/dq [ub / (MeV/c)]

£(Qq) reduced by 25%
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NN scattering: np system (A , C;;)

. dp— {pp}n

 E,,<3MeV
* New: measurement for C,, and C,,
g i L L L
S 01 Ty=12GeV —
o | T,=227GeV | .
2 Pt :
s Lo,
c Or 1
9
= |
o \+\_
0.1F -
S R O S R A R T S S R R R
0 50 100 150
q [MeV/c]

Problem with V(CI)

£(Q) reduced by 25%

Spin correlations

#) )0LICH

FORSCHUNGSZENTRUM

D.Mchedlish. et al., EPJ A 49, 49 (2013)

T,= 1.2 GeV i

T,=2.27 GeV

1 : AR R SN AU SN N R N YT AN SN SR AN S __
0 50 100 150
q [MeV/c]

Challenge: put info (about np spin-dependent amplitudes) into the SAID program !




NN scattering: np with A-isobar

Di-proton program: {pp}in 'S, state (E,, < 3 MeV)

Deuteron breakup: dp = {pp}; A° (polarized)
np = pA°

first measurement (at 2.3 GeV)!
- significant differences (A° and n):

- relative sign of A’s interchanged
- A’s ~ O for low momentum transfer

Tensor analysing powers
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D. Mchedlishvili et al., arXiv:nucl-ex/1305.54
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NN scattering:

np — pA°channel

Direct mechanism:

A isobar direct production
by the one pion exchange

do/dm [ub/(MeV/c?)]

Exchange mechanism:

A isobar excites inside
the projectile deuteron

1. Pion-nucleon are from
different vertices

2. 1=1/2 and 1=3/2 both are
allowed

D. Mchedlishvili et al., arXiv:nucl-ex/1305.54
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NN scattering: np — pA°channel

Analysing powers
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< High mass region: 1.19 < My < 1.35 GeV/c?

< COMPARE! >

Differences:

dp—{pp}.n at T, = 1.2 GeV

Us e

Tensor analysing powers
.

» Signs are flipped for all T4

» A, and A, are small at q=0

TR N ST
100

L 1
150
q [MeV/c]

Constraints on the modeling of the

np—pA° amplitudes !
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Pion production: Physics case

Extension of ChPT to the NN—NNTT process

* Afull data set of all observables in pp — {pp}.® and np — {pp}TT

* Partial wave amplitudes and test the ChPT predictions.
(Di-proton {pp},: free {pp}-pair in 1S, state, E ;< 3 MeV)

pp — {pp}T® includes °P,— !Sys, 3P, — 1S,d and 3F,— 1S;d
np — {pp}n" adds 35, > 1S,p and 3D, —1S,p

* p-wave amplitudes give access to the 4NTr contact operator,
controlled by the Low Energy Constant (LEC) d.

NN NN77 SN .

scattering

LEC d connects different low-energy reactions: pp—de*v, pd—pd, yd—nnt*

Our goal is to establish that the same LEC controls NN—NNTT



Pion production: 1°channel
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PLB, 712, 370 (2012)

i 0 D. Tsirkov et al.,
do/anndAylnpp—>{pp}STr =
Near threshold at Tp=353 MeV =

=~
l k % o0
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Pion production:

do/dQ) and A, in pn—{pp}TT" T,=353 MeV

do k n
(), e,

n=>0

A, (j—g) i sin 0. Z bp+1 cos™ O,

U:@ n=0
2 "0 « ANKE
c | 1 TRIUMF
© n
S osF
O.Bf—
0.4:—
B $
0.2F B
O; - ‘-0‘.5| — Cl) %;.5“ — 1
coso:™
TRIUMF data (green)

H. Hahn et al., Phys. Rev. Lett. 82 (1999) 2258,
F. Duncan et al., Phys. Rev. Lett. 80 (1998) 4390

T channel

o
Ao

A, do/dQ [ubrsr]
o
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-0.1
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1
—

#) )0LICH

FORSCHUNGSZENTRUM

a)

o
ol
O;
o
o

S. Dymov et al.,

T T T T T R R B
90 120 150 1800
67" [deg]

PLB, 712, 375 (2012)
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Pion production: 1~ channel

e o 4
A, and A in np—{pp} T (T,=353 MeV)  All Observables in pn—{pp}.T (ANKE data)

Lram) L 1> [ T
A, = 1 conservation laws 7
— 9 i
< | | - R 0.5]
< A —+— —<< . —4 g
=7 : (i 3
i + ] [ —4— B O
— 1 —t ©o5 r
0.5+ 1 03¢

°} Lo+

-0.5

50 100 180
0, [deg]

1 -0.5

50

100 150
0, [deg]

A, , measurementin:
« pp—{pp}. 7 will test the PWA assumptions

* pn—{pp}.m will choose between the solutions

50100 150
6, [deg]
S. Dymov et al., arXiv:nucl-ex/1304.36

50 100 150
0, [deg]

Data will allow a full PWA and determine relevant pion p-wave production strength

making contact with ChPT theory !




Strangeness: YN interaction

pp =2 K'YN (mostly COSY data)

» Importance of Final State
Interaction

> Incoherent sum of
35S, and 'S,

> FSI with unknown relative
strengths

» Spin dependence of FSI
unknown

cross section [ nb ]

10

#) )0LICH

FORSCHUNGSZENTRUM

__ PLB 649, (2007); PLB 652, (2007)
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Strangeness: spin-singlet/triplet Ap interaction

Separation of spin-singlet (a,) and triplet (a,) Ap amplitudes and FSI

through the measurement of :

p'p’ — K*(Ap) spin correlation Cy

Experimental information:

« Some data on low energy spin-averaged /Ap cross sections;

* Binding energies of hypernuclei suggest a. (/Ap) is more attractive than a; ;

* Ap FSl in K-d — 117 (AAp) is purely S-wave spin-triplet;

* FSI of pp — K*(Ap) is unknown mixture of a, and &, ;

 Precise (inclusive) measurements carried out at SATURNE and HIRES/COSY;

* HIRES: global fit of all relevant data gave best fit with purely singlet (Ap) amplitude
> Better to measure in a single experiment !

COSY proposal #219 (2013)
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Strangeness: spin-singlet/triplet  Ap interaction

Further information:

* COSY-TOF has clearly shown dominance of N* prodiction in pp — K*(Ap):
suggests S-wave final state dominance;
» There are two pp — K*(/Ap) final S-wave production amplitudes:

M, =[W,;nepe&+iW, pe(gxg)] Xie X
» The unpolarized cross section is proportional to:
I(pp — K¥Ap) = Va(|W | + 2 [W,,|2)
» The spin-correlation picks out purely the singlet:
I (pp — K*AAp) C\ (PP — K*Ap) = V4| W,

» The ratio of spin-triplet to spin-singlet is fixed completely by spin-correlation:

[1-Cyy (pp — K*AP) ]/ 2.C = |I/V1t|2/ |I/V1$

2

2

S. Abd El-Samad et al., PLB 688, 142 (2010)

G. Faldt and C. Wilkin, EPJ A 24, 431 (2005)




#) )0LICH

FORSCHUNGSZENTRUM

Strangeness: proposed measuremnets at ANKE

q (MeV/c)
[:JSIO '|[I)O 1|5U 2CI}U

2007 > Each of the W, ,and W, will have

own FSI factor, depending on

p+p—> K +X
1,=1.923 GeV 0,=0°

spin-triplet/singlet scattering lenghts;
» We want to measure C,,, as a function

of the kaon momentum of the

Ap invariant mass;

d*c /d0/dM, (nb/sr/MeV)

» Simple T"p exchange model near
threshold suggests that singlet production
IS 5 times stronger than triplet.

This will give globally C,,, = 0.84 !

50

H|||||

Sb5G 2060 2070 2080 2090 2100 2110
My (MeV) »ANKE has considarable experience in

A. Budzanowski et al., PLB, 687, 31 (2010) detecting K*p correlations and able to

measure such an observable !




#) )0LICH

FORSCHUNGSZENTRUM

Future measurements: ANKE experiments

Double polarization:
(1) EF\ - np (spin observables)
(i) Np = {pp}.TT (A, parameter)
(i) pp > K*Ap (Cyy coefficient)

All experiments are approved and scheduled for 2013/14 !
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Summary
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The END

Many thanks to the conference
organizers

International Conference on the Structure of Baryons

Baryons2013

hitp://nuclear.gla.ac.uk/Baryons2013/

| adran Interactions -

Spectrascapy 1

Electromagnetic and weak interactions: +adrans at finite density and temperature

Structure of hadrons fecent Appraachas to non-perturbative QCD
t topics.

New Facilities and Instrumentation Other retated




Physics at COSY using longitudinally 0 JULICH

polarized beams: Snake Concept

» Should allow for flexible use
at two locations

ANKE-location

« Fast ramping (< 30s)

« Cryogen-free system

B@l (Tm) &
pn - {ppl.TT at 353 MeV 3.329 °

PAX at COSY 140 MeV 1.994
BUP at COSY 30-50 MeV 1.165
T at COSY 2.88 GeV 13.887

max
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Facilities: ANKE apparatus

Negative ejectiles
(m™, K7)
1m SN /
TOF—SfOp N . TOF—S‘fOp
/’)” D3
TOF—start o -
. MWPC6,7 [ -
STT MWPC3-5
beam § s
Sl
Positive ejectiles
(mt, kY, p, d, )
»  Excellent Kaon identification (Positive and Negative)
»  Low energy proton (spectator) detection (STT)
»  Di-proton ({pp}) selection (by FD)
»  Polarized (un-polarized) dense targets
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Pion production: 1~ channel

Three minima with close x?

Observables in pn—{pp}. " (ANKE data)
Solutions 2 and 3 have close phases —_ o> ]
but very different magnitudes! 3 ) :
— 200 =R 03 ]
[
a — NN phase shift © L
TE_ 180 ana:;sis _-‘ /@) 0-5
O ==
@ 160 ’
©
L
D_ |-
140?
120;
100"
phase of Mﬁ [deg] %% & F O N
xPT calculation predicts the phases close to the

free NN scattering in spite of strong coupling

A, , measured in

* pp—{pp}. 7 will test the PWA assumptions
* pn—{pp}.m will choose between the minima

S. Dymov et al., arXiv:nucl-ex/1304.36
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ANKE Silicon Tracking Telescopes:
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ANKE Target Rail System




