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Longitudinal spin transfer D, in SIDIS t e

Pf} =PyDyr =P, D(yY)D,

— [} -
Spin transfer Dii is correlation between beam e+N—>e+A+X
polarization and final state hadron polarization or in
other word double beam spin asymmetry

Why use A hyperon as final state hadron? €
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» Relatively good statistic -
« EasytodetectwithA—-p+n q
 Weak decay (“self’ analyzing particle), polarization of A
can be extracted by measuring decay proton angular distribution,
no additional scattering needed
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(1 taP L’COSBPL’) Angle between proton

momentum and A spin
in A rest frame
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Spin transfer D L
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Pz = PgDy(y : qeéxﬁflq(xB)Df(Z PgDz(y)Dyz(x5,2,Q%)

A production
plane

P4 = PpDx(y)Dx(xp, z, Q%)
Pj = PgD;(y)Dyz(xp, 2 Q%)

* D;x(xg,z)and D;;(xg, z) called spin transfer coefficients

= P{ isindependent of beam polarization Pz — only 2 components D; x(xg,z) and D; ;(xz, z)
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Previous publication

»  Phys.Rev. D64 (2001) ~2000 As. D, =0.11 + 0.17,,, + 0.03,,, (1996-1997 data)

»  Phys.Rev. D74 (2006), ~8200 As. D,, =0.11 £ 0.10,,, + 0.03,,, (1996-2000 data)
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For full data set we haxﬁe
~46000 As and ~6500 As

More then two time
better statistical
uncertainty on A

First HERMES result on A

Also possible to extract
kinematical dependences
for A



Extraction of A polarization Y el

* Assume acceptance is stable over
time, so we can cancel acceptance
effect using positive and negative
beam polarization (HERMES)

dN™ess  dN, | Unpolarized PA = 0 o
dﬂ = dﬂ (1 +a PL,COSﬁpo Polarized l:’-"'ll =10.5 How to extract pﬂlarlzatlon?
. A
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Extraction formalism of D L

Moment method /Phys.Rev. D64 (2001)/

d(.UO

" calculate (Pcos6,,,) and (cos?6p,,) with — (1 + aPk,)

2y

® |nsimple 1D case and helicity balanced data sample [Pz = FIPB dL =0

[Pgl{cosB,ps) +aDLL;[[P2]](c0529 L [Pg]=0
g (PBCDSHPLr)z 1+ZDL0L![[PB]](CDS:PLF)O — = HDLL'[[PE?](COSZHPL’)G

(cos?Bppr)o+aDy[PRl{cos®0,11)0 [PpI=0 ‘A
v (cos?OpL) = £ . = (cos®Bpu)o Unpolarized moment

1+aDy .y HPE]](CUS'S;:L!}O
(unknown, but its reduced)

1 (PgcosO,,; )

No MC simulation of DA _ ,
acceptance needed a [[P ﬂ (cos?6,,)

® Slightly more complicated iteration procedure used in case of unbalanced Pg

® Extended for 3D case
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Extraction of spin transfer in 3D and unbalanced case

Z Dy

k=xz

Dy (y)D;(y)cosB.cosb; _ 1{PgD;(y)cosb;) — [Pp]{D;(y)cos6;)
1+ alPgl ¥y, Dj(¥)Dy; cosb;| ~ a [P;] — [Ps]?

* System of “linear” equations
[axx axz] Dy _[Cx]
ZDLkaik:CE Azx Qzzl|D;,| — LCz
K

* Coefficients a;j;, are dependent from D;; (unless helicity balance [Pz] = 0)

* Denominator in matrix elements are close to unity so we can use iterative procedure to solve it
* To solve given system, an iteration procedure is used

1 5

() Ccalculate a¥ ak(o) solve a¥ppi=c;
. .

D, i >Dy i

* 3 steps are sufficient to converge due to a[[Pg] Y=, , Dj(¥)D,; cos; ~ 0
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HERMES experiment Y ks

* Lepton beam “self” transversely polarized up to 60%
due to Sokolov-Ternov effect

* Spin rotators upstream and downstream of HERMES
experiment used to get longitudinally polarize beam

* Beam spin flipped every few weeks/months
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* Located at DESY, Hamburg 6-
* 27.6 GeV e+/e- beam and 920 GeV proton beam ®
(HERMES used only lepton beam) =
[ O o
* Data taking end in 2007 06 -0.4 -0.2 p 0.2 04 0.6

B
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HERMES experiment Y ks
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Particle ID:
* Top/bottom symmetry * lepton/hadron separation
* 40 mrad <6<220 mrad * Ring Cerenkov detector (RICH):
* Long./ trans. polarized gas targets H, D, pion/kaon/proton discrimination 2 GeV < p < 15 GeV
flipped every 60-180 sec, [[Ptarg]] ~ ( Good momentum and angular resolution
Ap
* Unpolarized targets H, D, He, N, Ne, Kr, Xe ? < 1%, 46,40, < 1mrad
9
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A event selection
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DIS cuts

= 0.8GeV? < Q? < 24 GeV?
= W?2> 10 GeV?

= 02<y<085

Background suppression

= |eading &t rejection (in HERMES kinematics proton is
always leading):

= h*h pair background (coming from V,) rejection,
vertex separation:

o d(VyV,)>6cmfor A
o d(V,V,)>10cm for A

10



A A invariant mass b énks

— * Just an example for subset of
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Results
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A decay constant o has been updated in PDG — use new value and rescale data from other experiment
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_N HERMES preliminary
O 0.6}
0.4}
0.2} ]
i - ] T
0+.+?;
02 = HERMES
-0.4; 4 compass*

04.10.2024 G.

1072 107"

Nazaryan, IWHSS & CPHI, Yerevan, Armenia

HERMES preliminary

|
' ++i-
+ conenss

*rescaledto o =-0.758

1072

10~"

13



Conclusion 4 ks

« Decay of A hyperon provides unique possibilities to study spin effects

« Beam-spin transfer to A sensitive to various spin-dependent parton distributions and fragmentation
functions (e.g. e(x), G, G,! and H{!)

« HERMES has a large DIS data set with longitudinal beam polarization

 Availability of both beam-helicity states exploited in novel extraction formalism that does not rely on
MC simulations

« Compared to previous HERMES publications, formalism has been extended to 3D case and to data
sets that are not helicity-balanced

* Increased data set allows for analysis of also A

« This analysis in advanced state, final results/publication to come out soon
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Kinematical dependences Yo o
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