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Spontaneous Transverse Polarization

Transverse polarization

Sokolov-Ternov effect ) ]
in hadron scattering

Magnetic field

electron
polarization unpolarized beam unpolarized target
e
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P~S.n n:pbeamXpT

(rerllzcr:\r(:,nntum scattered,
T —odd combination produced
hadron
Directed along magnetic field Polarization along normal n to scattering
(production) plane
Me;hanism un_derstqod Well known phenomenon in pp, ntp, pA
_in the frame of QED scattering in GeV energy domain.

In general Single Spin Asymmetry SSA




SSA at High Energies

Perturbative QCD in collinear factorization approach, e.g. contribution
subprocess qg - qg : quark of p,, interacts with gluon of p,, .,

c ~q(X,)®g(x,)® 8qg—>qg ®D,,,(2) (D, (z)incollinearapproach)

m
P ~ aSTSq small =0atm, -0 G.L.Kane, et al PRL 1978

At high energy substantial spin effects phenomena of produced hyperons are
observed in disagreement with naive perturbative QCD expectation

In order to see transverse spin transverse momentum to take into account:

D,,,(2)=D,,,(k,.2)=D; ,,(k,,2)+ D, (k,,2) Collins Fragmentation Function,
o _ ol —ok Dy ,(k;,2)-Dy,,(k,,2) RJ.MLII\;deIrsP ,c;nd I;.gé?ngerman,
" ol+o; DI, (k,2)+D,,(k,,2) ucl.Phys

Transverse polarization is nonperturbative effect.

Unpolarized quark becomes polarized in hadronization process.

Recently: twist-3 FF (qark-gluon correlations) = SSA

K.Kanazawa and Y.Koike 2013-2015 based on idea of Efremov and Teryaev




Hyperon Polarization . Famous Fermilab Data.
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A(u+u) | A(d+d) [A (s+9)
p(uud) |0.84 |-0.43 |-0.09
n(udd) |-043 |0.84 |-0.09

(uds) |
¥(dds) |(-0.09

=0 @

(uss) s - U
=(dss) |(0.09) |C0.43) (0.84)

Hyperen Octet Spin Strueture SU(3);

A2=0.32 HERMES/COMPASS

AZ=A (U+U)+A (d+d)+A (5+5)

Assuming that
u(d) quark positively polarized

AP ECE polarization negative

X+¥" polarization positive

Lattice-QCD

Au=Ad=-0.02  As=0.68 (+0.04)



Mere about A polarization. LHC/ATLAS Results.
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F1G. 8. The A transverse polarization measured by ATLAS
compared to measurements from lower center-ol-mass energy
experiments. HERA-B data are taken from Ref. |5, NA4S
from Ref. [4]. ET99 data from Ref. [3], and M2 from Ref, [2].
The HERA-B results are transtormed to positive values u| Tp
using Eq. (1).



Transverse A poelarization summary

P, weakly depending of the beam momentum

Its magnitude rises with p; and x. up to P, = 0,3+0.4 atp,=1 GeV
At 1< p,. <3 GeV P, stays constant (at larger p; no data available)
In pp, pA inclusive production P, negative

Polarization of antiA compatible with zero

For K, > beams P, positive (valence s-quark)

P,shows a tendency to decrease with A ( by 20% for Cu vs Be)

At heavy ion collisions P, similar to pp at p> 2 GeV

P, in electro/photo production practically unknown
(2 tagged experiments CERN ,SLAC very poor statistics) 7



Transverse A pelarization in phetepreduction
at HERMES

Deep Inelastic Scattering regime e+ p,A—>e'+ A+ X Q*>1GeV* DLL

both detected,
Q2 defined

Q° =—4E_ E_sin’ ezab Q°—0 ato,_, —0

A vyield

Quasi-real photoproduction regime 10°

Most of A(A) events

e+p,A— A+X Q220 | within photo production
only detected : (for 80% events Q2<0.05 GeV?)
(inclusively)
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Kinematies of Quasi-Real Photoproeduction

VDA A+X A= pr <Ey*>z15GeV at HERMES

Y +p,A>A+X A=pr’
As photons not tagged and only measured

are A (antiA) momentum components p,;
and p,,, X cannot be built (!)

Xp —>¢= EytPy light cone variable
" E +pzA

transverse momentum Ppy
and

light - cone variable (

two variables define reaction kinematics

= 1.0
= f
o 0B

0.6
0.4

0.2f

X¢ Vs light —cone variable for HERMES

from PYTHIA MC



A detection with HERMES spectrometer
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A polarization measurement

Standard way to measure particle polarization is scattering off analyzing target:
do do

— =—— (1+PAcos¢) P from azimuthal (left-right) asymmetry measurements.
annaI dQO e ree .
Difficulty: at high energy A small

N\ >pn weak decay is self —analyzing:

do (A—)pn):d—c (1+P,acos0,) in A rest frame
de deO

o =0.642+0,13 for A > prn
and a=-0.642 for A —pr’

p, from forward —backward decay
asymmetry in A rest fame n

11



Extraction of A polarization

dN
N dN cosO dcosGP,_.
dN__ N, (c058,) (1+aP, cosd,) :
dQ, dQ, 1200+ ( )
dN, (cos6 e(cos 0,
0(059,) ~¢(cos0,)
de 800
Maximum likelihood ( Moment method) 400-
Normalized probability to detect A event
1+aP, cosf,; b
® = 40 05 00 05 1.0
' 1+oaP, < cos0, >, cos ;.
g(cosO_)cos6.dQ PP, —P.P
<cosh, >O=I (cosB,)cost, :js(cosep)cosede cosf, =——>—F cos@, ——cos6, at y —> -y
Is(cosep)dﬂzl q-p.r
Up/Down mirror symmetry = &(-p_,,-P,,) = (P P,y) <c0s0,>,=0 %cose
pi
AT olnL Yy acos6 p —_
=1+0aP,cosd, L=]||@+aP,cosb ), —= = A Ny
(X)| +a A pi E[( +a A p|) aPA ;1+QPA Cosepl (XZCOSZ epi
Ny 0 cosO, Ny n i
P~ cosO_(1-aP, cosd )=0 neglectin P,cosO . ) n>2
;:I.-FOLPA Cosepi ;Oﬁ Pl( OlF, p|) g 9 (OL A P')
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Results
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Possible Interpretation

Current fragmentation

A A production s(beam)+ (ud),, (string)
hadrons _ _ _
A production  s(beam) + (ud), , (string)

Target fragmentation

(ud)-+s A production s (beam)+ (ud),, (target)

A production s(beam) + (ud),, (target sea)

14



A-dependence
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Conelusioen

O Polarization of A in inclusive photoproduction at p;<1GeV
P,=0.0781+0.006,., +0.012, .

positive as in the case of K- or £ beam
O Abar polarization compatible with zero:
Prpa=-0.025+0.015_, . +0.018, .
O A polarization in target fragmentation ({<0.25) essentially larger
than that in current fragment (>0.25)

O Yield of A in target fragmentation surpasses substantially Abar

1 A possible interpretation of production mechanism and (partly)
observed polarizations relates photon dissociation to quark-antiquark pair

1 A-dependence: polarization vanishes for A=100

 Polarizations for H and D targets coincides within error bars



BACKUP



/A photoproduction mechanism by PYTHIA

(E,)=(E,—E,)=15.6 GeV

A to A vield ratio

y—>dq  (ss)
=
> 10 -
hadrons = | { £=0.25
= 3} :
6
4 i .. ° oo 038 s? : E
2
(ud)+s
0 | |
0.2 0.4 0.6
c
R target (ud)
A E I
¢ = <0.250r Jt<331Gev EEE) fragmentation
° mechanism
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A and A events selection

b

main bgr is + - and K it pairs production;

bgr supression cuts:
Leading © rejection
using threshold Cherenkov det. (1996-1997)

or RICH (1998-2007)
e Vertex separation.

Distance between V1 and V2 vertices

>5cm

x102

10000 -

Z, (primary vertex)
Z, (secondary vertex

5000 -

10° 1

10° : T T
0 20 40

SIO 8I0 100
decay lenght, cm
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lL Extraction of Dicomponents from experimental data sample

dN

[N
" dN dN,

dQ)

a

Spectrometer acceptance results in strong

A—p+m

- dO

01+Pk—
1+a )d

p p

For beam helicity balance case

MC simulation of spectrometer acceptance is

=0642£0.018 o _

distortion of decay angular distribution,
intensive MC acceptance simulation (COMPSS)

(1+o,P; > D{icos;) in A rest frame

not needed, acceptance correction does not
affect measured asymmetries. D;
components are extracted using

experimental data sample only !!

>, DuA =

k=x,y,z [[Pé]]

I=X,Y,Z

i=X,y,z .
=-0.642+0.013 25_' ; polarized /acceptance
ZOL unpolarized/ 4m
polarized / 4Tt
1,5-
1,0 |
[P.]=0 05-
0,0-, - . : . : .
-1,0 -0,5 0,0 0,5 1,0
coso,.
1 NA ) N
A =% :1(D (y)cos6, cos8, )
1 v
B = (p D(y)cos 0. )V > average over
vl experimental
(7] [P?(®L(t)at data sample
° [ Lyt
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istributions (semi-inclusive DIS)

=il Pythia MC for A Experiment for A and A
7
10"
| ——A
10 A 9y —A&
10°
] generated
10 " ,
10°
103
102 KRB
- I X KX X IKK XX
R IIRRIILLLLIE
0 I A R B
1 0.5 0 0.5 1 -1.0 -0.5 0.0 0.5 1.0
X, X

HERMES is a forward spectrometer wmp(min)~1 GeV
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» Angular distribution of decay protons in

A rest frame |::>

0

= const for 4macceptance
p

for restricted acceptance

N
dn, depends on cos6,.

Q i
Distorted by spectrometer
acceptance

|

May in principle be calculated
using MC

‘ difficulty to avoid false
asymmetry induced by MC
acceptance simulation

lL Extraction of D,/

dN

— dQO (1+aP,, DiiKp)

p P

o =0.642+0.013

1,0




Effect of longitudinal magnetic field (solenoid)

PP _Qﬁgﬁj ProPoy Py P cos®, — —cosO_ atfy
cosf, = = g ’ ’

Pard

cos}é — — cosf, at y - —y

cost, inArest frame,
q = 101 Mev decay momentum

prrx,y ! ppx,y’ pAT

in Lab frame (!)

down

£’ (cos0,,..)>¢

Up/down mirror symmetry: acceptance function

(—cosf,,...) at y—>-y

Transverse magnetic field of the dipole magnet
(transverse pol target and spectrometer dipole)

Bup Bdown Bup Bdown Bup Bdown
Lorentz force
up __ down up __ down up __ pdown
PP = " FP =" EP =F
up / down mirror symmetry

Longitudinal magnetic field of solenoid
(longitudinal pol target and RD solenoid)

up _ pdown up _ down up _ pdown
BY = B{™ B =B BY =B;
Lorentz force
Fup Fdown Fup Fdown Fup Fdown

no up/down mirror symmetry
23



EXP

False polarization of hh pairs 00 and 06,07

<
<
(ol

04

0.2

h*h™-pairs, 06e1, 07c2 HTC H,

unpol

§ h*h™-pairs, 00e1 HTC H+D, pol

hh - pairs false polarization
1996-2005

-20<2z21<20cm

pol + unpol 0.0088+- 0.0034
pol 0.0232+- 0.0054
unpol -0.0006+- 0.0044

5 <71 <20 cm (recoil target size)

5 7.5 10 125 15 17.5 20

z,,cm

pol + unpol 0.0455+- 0.0059
pol 0.0608+- 0.0093
unpol 0.0355+- 0.0076

Published false polarization of Ks is: P, = 0.012 + 0.004
Published false polarization of hh pairs is: P,;,, = 0.012 + 0.002

24
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HERMES SPECTROMETER

TRIGGER HODOSCOPE H1

DRIFT CHAMBERS __-- 270mrad

PRESHOWER (H2)  _ —

—~ 7 140 mrad
Recoil DRIFT

CHAMBERS

19 Detector i
/ \ ’ : i I
L | : :j?_tij_ h Lumnosiry €%

—————————— -
-~ i: Jr!_! MONITOR27 5 Gev
\ Dve f B
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== _ _CALORIMETER
TARGET -
CELL STEEL PLATE TRD ~— - Momrad
-2 T~~._ 270 mrad
T T T T T T T T T T T
0 1 2 3 5 6 7 8 9 10 m

Ap

HERMES dipole BL=1.3TM —=1% A6, A0, =1mrad

p
-170<6, <+170mrad ~ -140<6 <-40mrad 140>6 > 40mrad

40 < @ < 220mrad

Very good PID !!
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