Transverse spin measurements in

European SIDIS experiments
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The HERMES Spectrometer
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Particle Identification:

TRD, Calorimeter, preshower, RICH:
lepton-hadron > 98%

RICH:
Hadron: m ~ 98%, K ~ 88% , P ~ 85%
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Dual radiator RICH

hadron separation
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beam: 160 GeV/c
polarisation -76% (2002-03)

* high energy beam

* large angular acceptance - 80% (2004)
- broad kinematical range intensity 2-108 p*/spill (4.85/16.25)
R

two stages spectrometer
Large Angle Spectrometer (SM1),
Small Angle Spectrometer (SM2)

tracking, calorimetry, PID R > MuonWall
NEW TECHNOLOGIES SM2

E/HCAL

SciFi Straws

Silicon SDC

Micromegas MWPC
u beam GEMs W45



solid state target operated in frozen spin mode
| 3He —“He Dilution
=iy : ~ N
[ - refrigerator (T~50mK) 2002-2004: SLiD

superconductive dilution factor f = 0.38

Solenoid (2.5 T) Dipole (0.5 T) polarization P, = 50%

\ ~20% of the time
- \ T transversely polarizedI
2006:

* PTM replaced with

(\) the large acceptance
two 60 cm long cells COMPASS magnet
with opposite polarization (systematics) «2 3 3cells

dN/dz during data taking with
4000 transverse polarization

« dipole field always
2000 |- n  polarization reversal in the

ﬂ' ﬂ 2 cells after ~ 5 days
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Sum of quarks with parallel and

_|_ antiparallel polarization-relative to proton
spin
(well known from/Collider DIS

Unpolarized distribution function q(x) experiments)

Difference of quarks with parallel and

antiparallel polarization relative to
- IongAj ’:&Kirizeg t X)

(know ixed tar I

experiments)
Helicity distribution function Aq(x)

Difference of quarks with parallel and
antiparallel palarization relative to

transversely ﬂ d‘pfoton
m

(first results fr and
COMPASS — with the help of Belle)

Transversity distribution function 6q(x)
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* Helicity flip amplitude
» Chiral odd = needs other chiral
odd partner:

g(z) = qi(z)+q-(z) ~Im(Aq v +A 1)

Agq(z) = g+(z) —g-(z) ~Im(Apq 44 —Ap 1)

dq(z) = qr(z)—q(x) ~ImAs_ 4

« Does not couple to gluons
=different QCD evolution than

Aq(x)

Valence dominated=
Comparable to Lattice
calculations, especially tensor

charge
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Sivers and Collins effect are not distiguishable with longitudinally
polarized target

*Higher Twist effects are kinematically favored in longitudinal case

*With transversely polarized target a 2" angle allows to distinguish effects

U: unpolarized beam
T: transversely polarized target
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rHERMES PRELIMINARY 2002-2005

[ lepton beam asymmetry, Collins amplitudes
C 8.1% scale uncertalnty
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S —— posﬁn.:fe hadrons
—s— negative hadrons
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« Smaller asymmetries than < First fits to HERMES and

in proton case COMPASS data using

- Hint of cancellation of assumptions on Transversity
transversity in isoscalar show results consistent with
target each other
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O_T _O_Jz quj hqulfxi,.S‘;;

= oc‘SL‘sin{qﬁR + @)
Ar = o1t ) 2,6 1D
s , interference fragmentation between
H™" (2. M) = pion pair in s-wave and p-wave

Advantages:

+ direct product of transversity
and fragmentation function
(no convolution)

- easier to calculate Q2 evolution

Disadvantages:

- less statistics

- cross section depends on 9
variables (sensitive to detector
acceptance effects)

ﬁh 251+ﬁ2



§ =2-hadron asymmetries for 2002-2004
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identified hadrons on the deuteron target
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identified hadrons on the deuteron target
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deuteron target transversely polarised
charged hadrons (mostly pions)
« 2004: results from 2002 data PRL94(2005)202002 confirmed by

« 2006: results from 2002-2004 data NPB765(2007)31
COMPASS 2002-2004
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(leading twist — many more at subleading twist)

SIDIS [dzdQ?*d=d*pr]:

f1 @ D1(1 4 cos(on)) /?-f ® H 1L cos(2¢n)

Sy hiy @ Hisin(2¢p)

St gi1 © D1 cos(dp — ds) St fip © Dy sin(op — og)
ST hl > HIJ‘ Sill(qﬁh + @S) ST hf_T & HIJ‘ 8111(3(';5}3 — @S)

— Boer Mulders function interesting, models see same sign
for u and d, quark spin-orbit correlation

« 2 with longitudinally polarized target
(g4 missing from table)
« 4 with transversely polarized target
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9 — Xg;,8-2,9 - P,,; bins and 16 ’(I)j bins.

Fitting the “ratio product”

I
—1

quantities

F(®))

O'R(q)j)=

NS (@ )ONG (@)
N, (@ N, (@)

and in case if W,(®;) contains both sinand cos moments.

by|F(®,) = par[0](1+4(par[l]sin(® ;) + par[2]cos(P;)))

—

par[1] - "sin" Raw Asymmetry value and par[2] - "cos" Raw Asymmetry.

Newly extracted Collins & Sivers asymmetries gave the same result as published (NP B765 (2007) 31)
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Global Sivers analysis sees large u and d Sivers
functions, sea and Gluons seem small

Efforts to extract further TMDs through
distinct azimuthal dependencies

HERMES has finished taking polarized data
- Unweighted asymmeftries contain full data set

- Analysis of weighted moments and other azimuthal
dependencies ongoing

- End of HERMES running June 30 ®

COMPASS is just starting to run with a
transversely polarized proton (NH;) target

EI BNL, June 19th
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solid state target operated in frozen spin mode
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