#) )OLICH

FORSCHUNGSZENTRUM

of the Helmholtz-Association

Associated Strangeness Production in the
pp — pK* A\ Reaction Measured by COSY-TOF

July 20, 2016 | Florian Hauenstein | Seminar at Jefferson Lab, Virginia, USA



Member of the Helmholtz-Association

QOutline

Introduction
COSY-TOF Detector
Data Analysis

Results
Dalitz Plot
pA Scattering Length
N Polarization
Spin Transfer Coefficient Dy

Summary and Outlook

July 20, 2016 Florian Hauenstein

J

JULICH

FORSCHUNGSZENTRUM

Slide 2



Member of the Helmholtz-Association

(o M) joLicH

FORSCHUNGSZENTRUM

Production and Decay of A-Hyperons

Production in pp — pKA or vp — KA
Strangeness is conserved in strong interaction

— Creation of an s3 pair = Production of A and Kaon
— Associate strangeness production

A-Decay

= Weak decay in pr~ (64%) and
nm® (36%)

= Life time 2.63-10"105g

= Separated decay and production
vertex (¢7 = 7.89cm)

Decay: A — pr—
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Physics of pp — pKA

= Investigation of production mechanism of associated strangeness
close to threshold
= Which kind of meson-exchange (no perturbative QCD)
= Role of N* resonances (511(1650), P11(1710), P13(1720))
= Dalitz plot and polarization observables e.g. A polarization or
spin transfer coefficient Dyy

g 107 pp>pAKT

o 'F  with pA-FSI

= pA final state interaction (FSI)

= Connection to p/ interaction
" without pA-FSI 4K model = Extraction of parameter S-wave
scattering length a

L
107° 1072 0! 1

Sibirtsev et al., arXiv:nucl-th/0004022 € (Gev)
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Dalitz Plot for pp — pKA
see S. Jowzaee et al., Eur. Phys. J. A52, 7 (2016)

2.95 GeV /c|[5 08
3.2 0.7
" = Clear enhancement at low mpp
3.1 . .
z : . masses from final state
< 3 - . .
) 2_9%‘;‘}}'} e Interaction
wf KT -2 = Full phase space coverage
2_7@\” 02
g : o = pA\ — NX coupled channel
et e o JBL enhancement (cusp effect)
MWWW
Tr it | i P 12 A
S VWi Kl
il Py b <
= | Mﬁ N
y p — p
vHE T Y K

42 43 44 45 46 47 48 49 5 5.1
m2, [GeV/c'] ) . i
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The NA Interaction

= Limits of SU(3) flavor symmetry in the
correlation between NA and NN
interactions

o (mb)

= Poor data base on pA elastic scattering
(no data for pure spin singlet/triplet
states as well as nA)

= No discrimination between different % 0 100 200 300 400
theoretical calculations Pran (MVIO)

= Understanding of interaction important for

= Hyperons in neutron stars
* Hypernuclei (Nuclei with hyperons e.g. 3H,)

Strength of the interaction is given by the scattering length a

Member of the Helmholtz-
[ ]
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Determination of pA Scattering Length a

500 TR = Extraction from pA — pA scattering
400 ‘\ ] = Total cross section for k = p/hi — 0 is
_ a0 |
gk ) >
° L J lim Otot = 4ra
wor k=0 O
100 ‘k 1 .
eSS = S-wave scattering for k — 0 (/,n = 0)
%0 100 200 300 400 = Model dependent determination with
Pan (MEVIE) effective range approximation
P | 2.05Gev
Zoooo e, Ve » Model independent extraction of
32500* At .
= oottt el scattering length from the shape of the

..
H'HW

p/A\-FSI for specific spin states

S00F- nxt| pxr Gasparyan et al., Phys. Rev. C69, 034006 (2004)
R S e A . . .
025 . = Dispersion relation approach
sumau21002120214021502130zzoniﬁﬂ[ﬁ:\(}é%u [ Known theoretical precision (0.3fm)
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Determination of pA Scattering Length
Method from A. Gasparyan et al., Phys. Rev. C69, 034006 (2004)

= Integral representation of a in terms of differential cross section

= Parametrization: 42 = PS - exp [Co—l- Cl }

2
dmp/\ mp,\ Cz

= A(G,G)= ;Cl\/(mr:,‘;,/\> C (nl“&-az)ﬁz,rnng),cz)shc

max

= Spin resolved determination via suitable polarization observable

3500 f

295Gev/c | a COSY-TOF measurement at 2.95GeV/c
(42,000 events)

M. Roeder et al., Eur. Phys. J. A49, 157 (2013)

N/A/(2MeV/c?)

= Effective scattering length
aeﬂ‘ == (_1.25 i 0.0Sstat. i O~3theo.) fm

< s

ST IO T IO IO T TR0 T 00 Large systematic error (1fm) due to
’ kinematical reflection of N* resonance

£
5
i
=
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Effective pA\ Scattering Length for mgp Regions
see M. Roeder et al., Eur. Phys. J. A49, 157 (2013)

2.95 GreXE/

= 3 = (—1.25 £ 0.084tat. & 0.3theo.) fM
(full data)

o 2t = (—2.06 % 0.1644a1. & 0.3¢heo.) fm
(upper region)
s 3o = (—0.86 £ 0.06stat. = 0.3theo.) fM

| | | | | | |
050 2060 2070 2080 2000 2100 7110
M [MeVict)

g:: + T s (lower region)
§ o {:%
b ps %fﬁ"k{f# . %
: i W = Strong influence of N* resonances
: i - = Error in the order of 1fm
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Dalitz Plot Dependence on Beam Momentum
FSI  NX

38 ; «©
K Zwou
3 *t ] e 2 C1650
© L <
Ny st
g
E { AN ®
nl \ 33GeV/c o

28 |

\ 29GeV/e

N\ \ 10
N¥(1650) "N\ 276eve ) )=~ 7 7 o

26 | ~— \_J* 28 285 29 2% 3 305 31 315 32 3% 33 33
A A . . ) A p [GeVic]

L L
42 a4 a6 4B B 52 54 56

m,y,?/ GeV¥c? COSY-TOF Coll., Phys. Lett. B688, 142 (2010)

\ AN 0 s
L4 3.1 GeVic © C +C
N*(1720) * - (%- IR . 1710 1720

= Contributions of N* change with beam momenta

= Expected smaller systematic effect for measurement at
2.7GeV/c?

= Comparison of results from the COSY-TOF measurements at
2.7GeV/c and 2.95 GeV/c beam momentum
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COSY Facility

COoler SYnchroton
p——

/oﬂw

7

S Extraction

Stochasiic  cooling y
spin manipulation HE Polarimeter
‘\. . EDDA PAX o

= Circumference: 184 m

= Beam momentum: 0.3GeV/c -
3.7GeV/c

= Stochastic and electron cooling

= (Un-)Polarized proton and
deuteron beams

10m
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COSY-TOF Detector

Time Of Flight
— -5
Calorimeter "
. -
SQT STT K - ==
Start P_—Ring T =
Pgeam —— ;
R T == o
RS
2 Barrel "
MR- F = L
N —
3m

Measurements of pp — pKA:

= 2.95GeV/c with (61.0 £ 1.7) % polarization
= 2.95GeV/c with (87.5 4 2.0) % polarization
= 2.70GeV/c with (77.9 + 1.2) % polarization

July 20, 2016 Florian Hauenstein
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Features:
Full phase space coverage

Clear signature for
pKA — pK {pr}

(2 primary and

2 secondary tracks)
Primary and delayed

hyperon decay vertex
(cT(A\) =7.89cm)

— 42,000 events
— 132,000 events
— 220,000 events
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Straw-Tube-Tracker (STT)

= 2704 straw tubes (/=1m, d = 1cm)
arranged in 13 double layers

= Ar: CO; gas mixture with ratio 8 : 2 at
1.2 bar overpressure

= Drift time information used for track to wire
distance

= Obtained averaged spatial resolution
o= (1374+9)um

Eo T T NI T
LI B X R R R R X T ¥ ]

. L L L L
% 80 100 120 140
drifttime [ns]

Member of the Helmholtz-Association
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Event Reconstruction
Steps for pp — pKN reconstruction

Track finding (Hough transformation) and fitting
Vertex finding and fitting
Geometric fit of pp — pKA event topology

Kinematic fit of pp — pKA (two overconstraints)
— Kinematically complete events
— pA mass resolution o = 1.1 MeV/c?

z o],
=

6 -4 ‘z N4 é
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Event Selection at 2.7 GeV/c

Selection criteria g 3000 P
5 NDF 5 :;: 25000; —— 22/ NDF <50
" inn.ﬁt/ < 20000F
= A decay length > 3cm 18000
10000?
= £(A,decayproton) > 2° s000
= Similar for 2.95GeV/c OO 00200 R g Everay eV

Monte Carlo simulations

—— pKA

—— pKx®

arbitrary units
<%

= Low background from other
reactions (pp — pKX° < 1 %) &

= Reconstruction efficiency 1
~ 15% (20 % for 2.95 GeV/c)

£
2
s
E
=

10
X2/ NDF
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2.95GeV/c
aanas’

B S ey
P threshold

pp — pKNA Dalitz Plot

3 1 2.7GeV/c

m2, (Gev/c?)
N

, prelimina

42 43 44 a5

L L L L ) L
4277723744 75 46 a7 °

‘a9 5 54
m2, (GeV?/c?) i m2 , [GeVZ/c']
Hauenstein, nucl?éx:1607.04783 Jowzaee, PhD Thesis, 2014

Monte Carlo acceptance

o7 Gev e : = Full phase space acceptance
- = Reconstruction efficiency relatively
& flat
40
& = Strong pA final state interaction for
f: both data sets
I LA = More substructures for 2.95 GeV/c
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Effective pA Scattering Length at 2.7 GeV/c
Hauenstein et al., nucl-ex:1607.04783, submitted to PRL

“5 X2/ ndf 4482136
L H C, -0.1393 + 0.0317
3 H c, 1.211e+05 + 7.663e+03 6 X*/NDF =125
= B c, 4.158+06 + 3.470e+03 C, =-1.39e-01 + 3.06e-02 - 3.25¢-02
E] 1004 Fiagiy b = C,=1.21e+05 + 7.99e+03 - 7.26e+03
= H ,*j\.’i"\ = C, =4.16e+06 + 3.32+03 - 3.58e+03
i H 2 4
£ [E— —_— o
= - I do /ps & :
5 . do_/ps P
o 507 +fit limit MpA < +fit limit
H = 29 H
0t 1 | L | L 01 | | 1 1 1
2060 2080 2100 2120 2140 2160 2060 2080 2100 2120 2140 2160
m, 5 (Mevic?) my, (Mevic?)

= Parametrization: )
do_ _ pg. ‘A(FS/)‘ = PS - exp [co+mf1c2]
pA

dmp/\ -

o aer = (—1.387 000 ctar. £ 0.224t + 0.3¢peo.) fm
= Compatible with the result at 2.95GeV/c
(aeﬁ‘ = (_125 + 0-08stat. + 0.3the°‘) 'Fm)
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Systematic Error from N* Resonances (1)
Dalitz plot slices

2.7GeV/c

250 Cuts on
200

RpA
150 c059pK §

L
a7
m2 , [GeV?/c]

= Dalitz plot sliced by cuts on helicity angle (cos 9;‘;/\)
— same mpp phase space acceptance but different N* fraction

= Determination of effective scattering length for each slice
— Access to systematic error from N*s in the KA channel
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Systematic Error from N* Resonances (2)

a
S

% 22/ ndf 52.42/36
S 1 PO -0.1236 + 0.0779
] p1 1.188e+05 + 1.864e+04
5 30 p2 4.16€+06 + 8.48e+03
o
=

: it ;
E 20 W'll

s
=l B
° -

10 //
preliminary
i | \ \
072060 2080 2100 = 2120 2140 2160
m, , [MeV/c’]

N 22/ ndf 38.61/36
> PO -0.02102 + 0.08369
Q p1 1.213e+05 + 2.184e+04
g p2 4.152e+06 + 1.076e+04
3
G

-

:
£
o
©
°

0~2060 2080

July 20, 2016

2100

2120 2140 2160

m, , [MeV/c’]

doldm,, [nb/(MeV/c)]

dofdm, , [nb/(MeV/c?)]

36.5/36

-0.08675 + 0.09093
1.201e+05 + 2.466e+04
4.148e+06 + 1.195e+04.

prel

°

minary

72060 2080

S

|
2160
m, , [MeV/c’]

2100 2120 2140

IS

prel

22/ ndf 58.25/36
po -0.3731+0.1007
p1 1.628e+05 + 2.827e+04

p2 4.1420406 + 1.133e404.

ety

minary

0~"2060

2080

Florian Hauenstein

2100 2120 2140 2160

m, , [MeV/c’]
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Systematic Error from N* Resonances (3)

cos 05[2/\ range acfr [fm]
1) costﬁA > 0.5 ~1.51199
2) 0 < cos 95,’2/\ <05 | -133%0%
3) —0.5 < cos 05;2/\ <0 | —1.430%
4) cos 95,’;/\ <-05 ~1.3343.57
full range —1-38J_r8:82

= Systematic error from N*s is about 0.1fm

= Systematic error about factor ten weaker than for 2.95 GeV/c

(1fm)

= Assume similar error for spin triplet scattering length

July 20, 2016 Florian Hauenstein Slide 20
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Spin Triplet pA Scattering Length
see Appendix B in Gasparyan et al., Phys. Rev. C69, 034006 (2004)

= {pA} in S-wave = {pA} in spin triplet configuration only for odd
kaon partial waves

= Kaon angular distribution flat — Use analyzing power A}’f from
kaon asymmetry

] A}’f sensitive to interferences of kaon partial waves
= Expand in associated Legendre Polynomials P}'(cos )

Alf(cosB, mpp)  ~  a(mpa)Pr(cos ) + B(mpr)Ps (cos 6)

= For Af(cos@ = 0) = —« only spin triplet scattering contributes
= Determination of a; from
. 2 G
[o(mpn)] - |AFSDtx(mpn)|” = exp | Co+ —— | = [ba(mi)
mp/\ — C2
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Analyzing Power - Determination Principle
see also F. Hauenstein et al., Nucl. Inst. Meth. A817, 42 (2016)

Angular distribution with beam polarization Py :
(9%, ¢) = Io(9*) - (1 + An(9*) Py cos ¢)

L

.

¥*: cm scattering angle

d R ¢: azimuthal angle

= Formula:

« _ 2 W 2 (N[ (9*)+NE(9*)—(NE(9*)+N; (9*))
An(07) = By - eald”) = By - /vLZ(v*)+/v2('z9*)+(/vfw*)+/viL(ﬁ*)
= Beam polarization Py

. NPR countrates left or right with polarization directions
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Analyzing Power at 2.7 GeV /c

Fit with associated Legendre polynomials and dependence on mpa

[ X2/ NDF = 0.75 a t
0.2
o full data a=-0143+0.005 LR
S T =0.036 £ 0.004 £ L
: L - 200 B o
2 01 S o
£ £ I R “j‘ﬂ{b‘ Do O
= I LI
T F . £
8 ob———————— % ———————— s T : -
& S by 4
g b ° [ P PP S [
Pt PN
o b b b b b b b bvn b - ;\www\wwlw\www\w+w\wwlw\ww
1 08 06 -04 02 0 02 04 06 08 1 2060 2080 2100 2120 2140 2160

cos(8,)

My (MeVic?)

= Reasonable fit of analyzing power by Af = aP{ + 3P}

= [3 decreases for higher m,p masses (expected due to lower

kaon momentum)

=« non zero for low mpp mass — extraction of spin triplet
scattering length possible

July 20, 2016
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Spin Triplet Scattering Length a;
Hauenstein et al., nucl-ex:1607.04783, submitted to PRL

10
@
6 X2/ NDF = 1.25 = X2/ NDF =217
C,=-1.39e-01 + 3.06e-02 - 3.25e-02 B C,=5.99e-01 + 1.71e-01 - 2.33e-01
I C,=1.21e+05 + 7.99+03 - 7.26+03 £ C,=4.55€+04 + 3.53e+04 - 1.96e+04
E C,=4.16e+06 + 3.32+03 - 3.58e+03 Rebin = C,=4.200+06 + 9.87e+03 - 1.71e+04
s ———— '% 5
= [ Xlak|  ~
< o +fit limit 5‘ +
H =3 -+ $ 44
M ! + + +++ +
= . - +y
0t 1 | L L L 0ol 1 | L L L
2060 2080 2100 2120 2140 2160 2060 2080 2100 2120 2140 2160
My (MeVic?) m, (MeVic?)

= Fit limit and parametrization as for effective scattering length
= Value and statistical errors determined with bootstrapping

72
v ap = (—2.5579 2 ar. £+ 0.65yst. % 0.3theo.) fm

= First direct model-independent determination of a
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at(fm) stat.(fm) sys.(fm) theo.(fm)

COSY-TOF —255 1072 +0.6 +0.3
pp — Kt+(Ap) 1 —156 323 +0.4
pA\ scattering 2 —-1.6 J_ré:é

K-d—=n"pA3 —20 =£05
XEFT NLO (500) —1.61
XEFT NLO (700) —1.48
Jiilich 04 model —1.66
Nijmegen NSC97f —1.75

LCombined fit of inclusive data and elastic data with constraint from
K~d — m~ pA\; Budzanowski et al., Phys. Lett. B687, 31 (2010)

2Alexander et al., Phys. Rev. 173, 1452 (1968)

3Tan, Phys. Rev. Lett. 23, 395 (1969)
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A Polarization - Determination Principle
see also F. Hauenstein et al., Nucl. Inst. Meth. A817, 42 (2016)

Nsp = Pgeam X Pa

= A polarization along i, axis

= Measurement via self
analyzing A decay

scattering
plane

= Distribution of decay protons:
I = Iy (1 + aPp cos 6**)

¥ o - o = 0.642 £ 0.013 (weak
asymmetry parameter)

Paeam

= A = same hemisphere i,

= B = opposite hemisphere ng,

£
2
s
E
=
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A polarization

A polarization

Results for the A Polarization

July 20, 2016

02 €OS 19"“‘_*_ 4 Y-_Y__*_
L e -A- . Y—_'_
o A gt -i]
jk -V _*__4_'4-
g ATy |
“Lpreliminary |
5 05 05
cos O"
¥ 27GeV/c & 2.95GeV/c
05~ XF T
v ¥
T
o | T e e e v -A— +
) - Ly o
05 brehmlnary |
i 05
Xg

Florian Hauenstein
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G

Pt

o
N

v—v~“Y“~Y-Y~
.,T Py 1y, + |
+ A4 b L l_+_
| preliminary ‘ * ‘ il

.1 0.2 0.3
XF <0) P, [GeVic]

A polarization ¥
-]

o
N

*0.5(PXF 70 —

= Expected point symmetry at
cos¥* =0and xp =0
= A polarization changes sign

= No explanation available
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A Polarization Comparison
Similar Energy Regime

= HADES 2014 4.34 GeV/c

B DISTO 1998 3.67 GeV/c 0.5
05 A COSY-TOF 2.95 GeV/c 7¢7 A COSY-TOF 2.95 GeV/c
g- ¥ COSY-TOF 2.70 GeV/c \ 5 o ¥V COSY-TOF 2.70 GeV/c
T BT I 5%,
<_’°E - CaAAA | el kS 0%‘ ?AA:AA.X e wt,
osf] Preliminary oy preliminary
40808 04030 02 04705 08 02 04 06 08 1 12 14
Xe p'[GeV/c]
= DISTO (pp — pK/\, Nucl. Phys. A639, 1 (1998)) and
HADES (p + Nb — AX, Eur. Phys. J. As0, 81 (2014))
cover large part of the phase space
= Compatible results with the COSY-TOF data at 2.95GeV/c
= A polarization probably independent of target material

July 20, 2016
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A Spin Transfer Coefficient Dy
see also F. Hauenstein et al., Nucl. Inst. Meth. A817, 42 (2016)

I =1Iy-(1+ AnPpgcos ¢ + aPp cos 6** + DynyaPp cos ¢ cos 0**)

polarization +

N

production plane

I

polarization -

€beam

©hyperon
A i

hyperon decay

Dny =—F5— €D
O(PB

Nsame - Nop

€Ep =
Nsame + Nop

= 8 countrates depending on beam spin (1), ¢ angle (LR) and
hemisphere in A decay (AB)

o Neame = N7+ NET+ N2 + NP¥ (Pp & Pg same direction)
= Nop = NZ% + NEi + N,A;Q,T + NFT (Pn & Pg opposite direction)

July 20, 2016
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Results for Dy

cos Y™ [ Pt
° T e A
H—1_ | | I } [ 1 T 7#
z H o4 i ’#}Hﬁiﬂ s B f?f%h’“#—k# +
a I i e ol S a r ey T
-05- by T 05=- |+ + '
AL ' SERas ¢
m  DISTO 2.94 GeVic B m  DISTO 2.94 GeV/c
I . . v  COSY-TOF 2.7 GeV/c :[ r_e I i m i n a r v COSY-TOF 2.7 GeV/c
4L pre |rT1|nary | + | COSVTOF 295 Gevie P P ‘ ‘ Yy : COSYTOF 285 Gevie
-1 -0.5 0 0.5 1 0 0.1 0.2 0.3 0.4 0.5
cos(v°™) p, [GeVic]
DISTO, Nucl. Phys. A691, 320c (2001)
0.5 X ®  DISTO 2.94 GeVic
- F v COSY-TOF 2.7 GeV/c
Ey— | 4+ COSY-TOF 2.95 GeV/c
ok .. .
Z " . = Both data sets similar behavior
Aty A ) )
'jﬂ— by '% "1 = Results compatible with DISTO
0.5 [ R
preliminary
-1 -0.5 0 0.5 1
X
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Dpnn Theoretical Explanation
see also M. Maggiora, Nucl. Phys. A691, 329 (2001)

0.5
L XF = DISTO 2.94 GeV/c
—d— v COSY-TOF 2.7 GeV/c
E4— 4 COSY-TOF 2.95 GeV/c
0 + |
z T
° N S S i = :)n
1 TR
=1 ' ¥
o5 it gy
- | preliminary ,
- 05 0 05 1
Xg

= xg — —1: A from unpolarized target proton — Dyy =0
= xg — 1: A stems from polarized beam proton

= Pion exchange — no spin-flip at A-vertex — Dyy = +1
= Kaon exchange — spin-flip at A-vertex — Dyy = —1

= Data exhibits combination of both exchanges

= Missing contributions from vector mesons like K*7
July 20, 2016 Florian Hauenstein Slide 31
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Summary

July 20

High resolution measurement with full phase space acceptance

of the pp — pKA reaction at 2.7 GeV/c and 2.95GeV/c

Determination of pA scattering length from pA-FSI at

2.7 GeV/c (Hauenstein et al., nucl-ex:1607.04783 )

= Compatible result for effective pA scattering length with
previous TOF result at 2.95 GeV/c

= Systematic error from N* resonances factor ten weaker

= First direct measurement of spin triplet p/A scattering length
— ady = (*2-55t?:§§stat. =+ 0-6syst. =+ 0'3theo.) fm

A polarization

= Changes sign from 2.7 GeV/c to 2.95GeV/c

= Results at 2.95 GeV/c compatible to DISTO and HADES results

Spin transfer coefficient Dy

= Results for both momenta similar and compatible with DISTO

= Combination of kaon and pion exchange in the production?
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Outlook

= Partial wave analysis of the data under way

= Need: Theoretical description for the behavior of the A
polarization

= Publishing of the results for the polarization observables soon
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Overview of Considered Systematic Errors

July 20, 2016

Error Aeff at
Fit limit negligible | negligible
Wrong beam polarization negligible | negligible
Improper acceptance correction 0.2fm 0.2fm
Influence of N*s 0.1fm 0.1fm
Binning of mpa 0.02fm 0.56 fm
Total 0.22fm 0.6fm

Florian Hauenstein
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COSY-TOF Target

The Target

filled with liquid hydrogen or
deuterium

July 20, 2016

Florian Hauenstein

Veto

2.5 mm hole as beam veto
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N* Resonances

N(I=1/2) Mass/(M
2400 . .
Su2250 coupling of N* to hyperons little known
16(2220 P g yp
o\
Pl2100N r -
g&gggg& | Baryon | Status | Mass | Width | AK | K |
Fefesor = 2000 Sn ok | 16451670 | 145-185 | 3-11 | ?
oK Dis #Rk% | 1670-1680 | 130-165 | <1 | ?
;sqaggg)x tecer Fis | ** | 1680-1690 | 120-140 [? | ?
g::pg;gg Dys *kx | 1650-1750 | 50-150 | <3 | ?
o (159 tooor Py wkk | 1680-1740 | 50-250 | 5-25 | ?
D;,(15207
Pri(1440— i Pi3 :::* 1700-1750 | 150-300 | 1-15 :
Py 1550-1700 | 250-450 | - ?
w200l Das ok | 1670-1750 | 200-400 |- | ?
1000
PuO¥®) - ———————— |

July 20, 2016 Florian Hauenstein Slide 37



£
2
s
E
=

(o= M) jiLicH
\ FORSCHUNGSZENTRUM

CMS Distributions for 2.7 GeV /c

H .
ER S p R
3 [ AR A
s oo, 0
© e, et .
< e o, e,
. R e i ol

05
g -
i
=
S
< 0.5 0 0.5

cos 6"

g K
3 14
s o,
s o s i o s s I
5 3

05
g
ui
-
g
< 0.5 0 05

cos 65"
July 20, 2016

Florian Hauenstein

do/dQ [ubisr]

AC.+RE. [%]

. A
P . PRGN
B il ",
05
|
1 05 0 05
cos 65"

Distributions almost
symmetric

Small deviations at boarders
due to acceptance correction
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Measurement of a at 2.95GeV/c
see M. Roeder et al., Eur. Phys. J. A49, 157 (2013)

X2INDF = 0.54

o
N
&

coefficients
)
I
i

Analysing Power
o
N

°
&

°
S
&

sociated Legendre Polys

o

o
o 2
B G
T T T T [T T T
T T T T T T

* (0145 £ 0,013)

* (0.065 % 0.010) S
o e e L L ST

06 -04 -02 0 02 04 06

Il Il Il L Il
6] 20 40 60 80 100 120 140 160 180 200 220
cos(,%) My, - My, - m, (Mevics]

= Unexpected: ais < 11% (30) for low invariant mass
— no sufficient precision for extraction of spin triplet pA
scattering length

= (3 behavior reasonable (high pA mass — low momentum
kaons)

ST T

— Additional measurement at 2.95 GeV/c to reduce statistical

error
July 20, 2016 Florian Hauenstein Slide 39



FORSCHUNGSZENTRUM

(Cos™\ M) joLic
t ) J0LICH

Dalitz Plot for Measurements at 2.95 GeV /c

3.3F N R 1650 reso.
£ =rer 1720 reso.
3.2F R, | Nithresh.

lower region

o ‘preliminary :

—\I\\\l\\\l\\\l\\\l\\\
22 24

m | [t;eV’/c‘]2
= Left: Published in M. Roeder et al., Eur. Phys. J. A49, 157 (2013)

= Right (preliminary): S. Jowzaee, PhD Thesis, Jagiellonian
University Crakow (2014)

Enhancement at pA-FSI and NX threshold (cusp effect)

5 5.1
m?, [Gevic?]
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Dalitz Plot Projections on mpp

2.7GeV/c — s, 2.95GeV/c
:;:m, & nz* threshold § 40/ i
% i pE° threshold R Y.
=1 “M»"»“«W&.w, § M
Ngza— y’ ! MWVW% s 20}t s
H ’ M% 10‘:
104 W
/e Y o e o e
preliminary 4 .
‘ez @3 a W W e, [é:,:/c.] < sl pal.’:se IIPII.]sarXs 47 a8 a3 s
Hauenstein, PhD Thesis, 2014 Jowzaee, PhD Thesis, 2014 m2, [GeV?/c']
= Green: Scaled phase space = Brown: Scaled phase space
distribution distribution
= Small enhancement at N = Large enhancement at NX
threshold threshold compared to
2.7GeV/c
July 20, 2016
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pN — NX Cusp

COSY-TOF Coll., Eur. Phys. J. A49, 41 (2013)

140; 3.05 GeV/c
<a120:~
2T 4 -
8 100 oy
F g it = = a1 4
80 f?é* 4 (MY ty
F 4 f
r $
60F " u
40~ t
20 \
ok £, I | L 1, L
205 24 215 22 225 23
M,, [GeV/c?]

= Study of cusp at 2.95GeV/c
(Jowzaee et al., EPJA 52, 7 (2016))

= Reasonable description of spectrum by
FSI + cusp(Flatté) + N* reflections

= Further theoretical description necessary

July 20, 2016 Florian Hauenstein
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Cusp described by Flatté
distribution

Angular distributions in cusp
region point to S-wave in
K — pX and subsequent A — p
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Self Analyzing A Decay

July 20

Quantum numbers of particles in the decay A — pr~—

PN =13", JP(p)=1"and S (N)=0" - AI=0,1
S-wave or P-wave in the decay system

Decay proton distribution / = Ip(1 + aPp cos(65"))
Asymmetry parameter o = %
as and a, S-wave and P-wave amplitudes

If parity conservation holds in decay no S-wave possible
— as = 0 — o = 0 — no measurement of Px

Parity violation in weak decay — o # 0
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Results for the A Polarization

< 0.4¢
e F —v— 2.95GeV/c [Roell]
0'3? —+— 2.75 GeV/c [Piz07]
0.2 —=— 27GeVic -*ﬂ—{-—"***_
+
01 “ * * } [ ++T
S O RN SRR IO SRR Lo
oF-1-+
g - {
ot R ahllt' b
-0.2; +++_H- {
03 preliminary
R TR ™ S S
cos(65"5)
= A polarization changes sign

July 20

Expected point symmetry at cos?* = 0

#) JOLICH
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[Roel1]

M. Roeder, PhD Thesis,
University Bochum, 2012
[Piz07]

C. Pizzolotto, PhD Thesis,
University Erlangen, 2007
2.7GeV/c

Hauenstein, PhD Thesis,
University Erlangen, 2014

Further study by fitting of associated Legendre polynomials

, 2016

Florian Hauenstein
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A Polarization
Associated Legendre Polynomials Fits

0427 GeV /c
o E 2/ NDF = 1.98
0.3
E C,=-0.0020.008
0.2
£ €, =-0.1330.006
o1l ¢

——fit(C,+P} + C,*P)
C,* P} (cos6)

rrrrr C, * P} (cos6)

o

4 | | | | L L L I
-1 -08 -06 -04 02 0 02 04 06 08

2.95 GeV/c [Roet1]

cos(65"9)

%%/ NDF =2.31

7 pre|iminary C,=0.020+0.019

C,=0.066 +0.014

—m(c‘-P: +C,*P)
C, * P} (cos6)

-+ C, P, (cos)

L

I I I I I I
-08 06 -04 -02 0 02 04 06 08 1

cos(65M%)
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N

. 03,275 GeVic [Piz07]
o L —fit(c,*P} + C,+P) %2/ NDF = 0.79
C,* P} (cosh) C,=0.013+0.036
-+ C, * P, (cos) 0.030 + 0.027

>

preliminary

| | | | | L L L L
-08 06 -04 -02 0 02 04 06 08

cos(65"9)
. 3.2 GeV/c [Schr03]
o 04l . . %2/ NDF =0.75
"I pr ||m|nary C,=-0.012+0.053
[ . C,=0.188 £ 0.040

—lit(C‘OP: + C,oP)
C, * P} (cos6)
rrrrrr C, * P} (cos)

O S WA A
-1 -08 06 -04 02 0 02 04 06 08 1
cos(65M%)
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N

A Polarization
Associated Legendre Polynomials Contributions

g f c

€ 02 ~C,

s c

5 I T

o 01—

5 I {

g W iy

o [\ R ST T T P

£ L

o [

° -0.1— mi

g o, preliminary

g
. P N RO SO SR B B
0257 """28 2.9 3 3. 32

Pocam [GeV/c]

= As expected C; compatible with zero for all beam momenta
= (, strong variation with beam momentum. Linear increase?

= No theoretical calculations available
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N Polarization High Energy Data Sets

N A FNAL1978
r KEK 1986
F o CERN ISR 1987
3.5 AGS 1988 18.5 GeV/c|
F o AGS 1988 13.5 GeV/c|
L o O FNAL 1989
3- ° M FNAL 1991
L ¥ FNAL 1994
L 0 ° ) HERA-B 2006
25— o d CERN NA48 1999
s I 0O ATLAS 2015
L
% L
o 2
ot |-
o r
1.5
L
Fi
0.5

Measurements with very
limited kinematic regions

Different target materials

Reactions from inclusive to
exclusive A production
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N Polarization Comparison High Energy Data

Limited xr Regions

0.5

A polarization
o

00<x]<03f

03<[x| <05

A polarization
o

0.5+

b

July 20, 2016

P -
0 02 04 06 08

p| [GeVic]

L

06 08 1
p‘ [GeV/c]

Florian Hauenstein

Most data exhibit
different behavior

Common Feature:
Linear increase of the
polarization with p;

Increase of polarization
with higher xg
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Analyzing Power of Final State Particles

o
o

g L —a— 2.95 GeVic [Jow14] § ) ; :i:gigi‘\?’ﬁﬁm‘}]
50_05:, —=— 27GeVic % 0.1F . 278 Gevie Puo) 1 {
5 F} t -,io.osf— } i i
HE §ot R i} | g %
I3 E < E
Zoos, } # {T oot 0051 ‘ r% L F ‘ h il
: Pty T o
-0.1— . - E - .
- preliminary 015- prellémnary
0153 -d.s 6 015 1 '0‘2-; -6.5 6 015
cos(65™) cos(65)
5 030 .
I Ipreliminary = Proton and kaon analyzing
2 0.2j . . . .
5 Ll ]' 4 } l } power: Similar behavior for
g o [ .
g o | i F different momenta
3 2 I B . )
: [ —— 295GeVic [Roet1] J’ ", = A ana|yZ|ng power: for
z [ —+— 2.95GeV/c [Jow1d] T .
3 O L e e ‘ ‘ COS(GEMS > 0) different
g B os ’ R, behavior
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pp Elastics Event Selection and Beam Polarization
Determination

p, [GeVic]

T

2
10
issip,

0 - - 5 B 1
0 0.5 ] 15 2 N [%iwc] '9 Ene,g}‘,’ e
S = Selection of elastics with
¥t +—1—__ . ..
: 0 T+ ! circular cut on missing energy
o and coplanarity (cos a)
0_4} x2/ ndf 6.044/8 . . . .
F Polarization 0.7897:£ 00113 = Determination of polarization
0.2 . . .
. in bins of GEMS using
0 55 60 65 70 75 80 85 90

o analyzing power from SAID
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Track Reconstruction with
Hough Transformation
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Analyzing Power - Determination Principle
see also F. Hauenstein et al., Nucl. Inst. Meth. A817, 42 (2016)

Angular distribution with beam polarization Pg:
(9%, ¢) = Io(9*) - (1 + An(9*)Pg cos ¢)

L Y¥*: cm scattering angle
¢: Angle between polarization

,’l direction (Y’) and normal on
=1 R roduction plane (N)
P, Ay p P

= Formula:

.

£y _ 2 gy _ 2 (NJ(9*)+NE(9*))—(NE () +N} (97))
An(7) = B €alV”) = Bg TR Gy sNA ) TN () LN 07)
= Beam polarization Pg

. NPR countrates left or right with polarization directions

July 20, 2016 Florian Hauenstein Slide 52



iation

Member of the Helmholtz-Associ

_(% #) JULICH
\ FORSCHUNGSZENTRUM

Angular distribution for particles with polarization Py:
(93)pol. = (§3)0 - (1 + AnPn) = (580 - (1 + AnPy cos ¢)

L

g gCMS
”' AN(COS QCMS) _ ELR(COS ’(b)

annmandes R cos(®) - py
I:)Y AN
= Azimuthal left-right asymmetry

L(O5™5,0)—R(0,™° )
€cr(cos M, 6) = Tty TR 0)

Analyzing Power
Determination Principle

= Count rates
L(OSMS, ¢)) = /N*+(¢) - N=(¢ + ) and
R(9EMS,¢ = /N*(¢+7) N-(¢)

= Beam polarization py
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