Delia Hasch /

r s
recent results from HERM ES

\

4y

i
-
/ :

RBRC workshop on “Progress in high pT Physics at RHIC”, BNL, USA, March 17-19 2010




HERMES @HERA: a reminder




HERMES @HERA: a reminder

Pupt
i

S ——

_ 1/7/07@ 1:09:56 am

.09:56 Momentum[GeV/c] L‘i{eyf;m:r‘h] Current fma)
- ry !"' bl
HERA e+ PP——" """‘L&'.t':"'-.

0
p.'
Main User: H1/ZEUS
eam History

01

B

s e D W
BOOmMNEMN

(%)

.:1?_*_

Ta 15 16 17 18 19 20 21 22 23 00 01

Thank You HERA
RyE P2




12  HERMES @HERA: a reminder

27.5 GeV (et/e")

H™<|P,|> ~ 0.85
D~ <|P,|> ~ 0.84
HT <|P|> ~ 0.74

unpol: H, D, He, Ne, N, Kr, Xe




12  HERMES @HERA: a reminder

27.5 GeV (et/e)
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' 2006/07
[ @ ® HERMES with recoil det.

@ ( ‘dedicated’ to exclusive
<\@ processes, but not only...
@

unpol: H, D
- huge satistics




the quest for the spin of the nucleon

: l AZ+AG+L +L

P

e inclusive DIS from longitudinally polarised D target: [PRD75(2007)]
AY =0.330+0.025") £0.01 1 £0.028 "
SIDIS A, - flavour decomposition

¢ high pT hadron production: [arXiv:1002.3921, submitted to JHEP]

AQ/ Q| o =0.049£0.034% £0.010* +0:126(sys-mode)



the quest for the spin of the nucleon

l—l AZ+AG+L +L
2 2 1 1

~30% =zero

outline:

. longitudinal momentum & spin structure: role of strange quarks

. transverse spin phenomena & TMDs:

e effects in inclusive processes
e transversity & friends: spin-orbit correlations
e intrinsic transverse momentum effects

. exclusive processes & GPDs: nucleon tomography

. nuclear effects



%M preliminary

hadron production
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no SIDIS xsection
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multiplicities compared to
theory:

DSS: FF from combined
NLO analysis of single-
inclusive hadron production
in ete-, pp and SIDIS

[deFlorian,Sassot,Stratmann
PRD75,76(2007)]



‘%M preliminary
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hadron production

no SIDIS xsection
measurements - w, K

multiplicities compared to
theory

outlook:

—> publication in preparation
(TT+10, K+

e ~2 X more data

e 2D binning (x,z), (z,pT)

- ~ 6 X more data on tape from
last 1.5a running with unpolarised
‘high density’ H, D targets



longitudinal momentum
&
spin structure




strange quark distributions

- use isoscalar probe + target: SP(x) = S"(x) ; S(x) = s(x) +s(x)

- ingrediants: K" + K~ multiplicities, AE;K— (x,2,Q%) s A 4(x,Q%)

0.8
- strange FF: _[02 dz DSK(z) =1.2710.13 [DSS, PRD75(2007)]

- LO extraction of S(x) & AS(x) with only assumptions:

e isospin symmetry between proton and neutron
e charge conjugation invariance in fragmentation



strange quark distributions

- use isoscalar probe + target: SP(x) = S"(x) ; S(x) = s(x) +s(x)

> ingrediants: K + K multiplicities, A, ™ (x,2,Q”) , A, 4(x,Q°)

- strange FF: _[00‘28 dz D& (2) =1.27+0.13 [DSS, PRD75(2007)]

N — _ 0. [ ~— Leaderetal, PRD73, 034023 (2006)
s LO extraction [PLB666(2008)] :
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S(x) NOT average of an

AS(Xx) = zero/ slightly positive in contrast



strange quark distributions

- use isoscalar probe + target: SP(x) = S"(x) ; S(x) = s(x) +s(x)

- ingrediants: K" + K~ multiplicities, A

DSSV —
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IIIII|
- Y As [PRL101(2008)] -

(Xa Za Qz) 2 Al,d (X9 Qz)

%%
NLO fit result: striking impact of SIDIS data
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transverse spin phenomena




transverse effects in
inclusive DIS




two-photon exchange

k

e candidate to explain discrepancy in form-factor
measurements

e interference between 1y & 2y exchange leads =
to SSA in /nclusive DIS off transversely polarised target |
Oyr § . (R’ % IZ ,) [Metz,Schlegel,Goeke PLB643(2006)]
o — O 2 :
Ay = L Bo_z A?}I}% estimated size: O(10-4 — 10-2)
o1, + OR 78
1
O —O
AJT(X9Q29¢S) — 1
O +0

e sensitive to beam charge due to odd number of e.m. couplings to beam
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any S|gn of 2y exchange ?
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[PLB682(2010)]

—> no evidence of 2y exchange

within experimental uncertainty
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SIDIS cross section
® @ Oxy Zf G part @ PAF (X, Ky) ® frag®*™"(z, py)




SIDIS cross section &
Oxy Zf G pare @ PAF (X, k7 ) @ frag®*"(z, p;

| 8 leading-twist terms

do :[d o, +cos2¢ doy, ]kécos ¢ do;, +keésin ¢ do;,

+SL{Ein 2¢ doﬁ,]+(l-)sin $do;, +Aq écosgb JO'EL}}

+ ST{[sin(¢— ds) doy, +sin(@+@;) do,; +sin(3¢—g) dﬂﬁﬂ]

| 1 . 2
+58m(2¢—¢3) do,) +§Sm o.do)

+Aq {cos(gb ~-¢) d oﬁ]+ écos P do)y + é cos(2¢ —¢,)do,, }}




leading-tw distribution functions

G)IEY x Zf &part ® pdf (X’ kT) ® frag q,g—)h(z, pT)

/|

cos(2¢}) ® |HL="14-11
on the .
menu UL sin(2¢}) ® |Hi=¢""
today B
Ut s.»'ill(gf}ji1 - g’)g) ® Hll — (&)~
sin( g}, — %) ® |D, =
chiral-odd | - o
pdf & Collins FF sin(3d}, - ¢s) ® [Hi =0
LL 1 |8| Dl — ._O..
i (ji(_)H((l,.‘f')i_ - ()‘L) QI = e)-9 ) ® el =& )

‘Amsterdam notation’
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leading-tw distribution functions

@leading twist, integrated over pT:

quark
U L T
u f, ®
L JCOn

' ‘®® } (b ‘transversity’

-0 0P-—-0C O




leading-tw distribution functions

@leading twist, no pT integration:
- spin-orbit correlations

quark
Ut ® (h)®D-@ | momrs
L 9 @-- @ " @--C-

il - 1 ) ‘@@ - (b ‘transversity’
T<fn Q ngé é) @ @_ @ pretzelosity’

-0 0 -—-—0CO 0

‘Sivers’



lransversity

via Collins fragmentation fct.
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Collins amplitudes
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distinctive pattern:
B 7T" positive

o 10 =zero

A T negative

isospin relation for r triplet
fulfilled

approximation:
u-quark dominance
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Collins amplitudes

A —
%gj% ep'> K X )
‘:% 02 Fm KF “HERMES PRELIMINARY 2002-2005| O] ( X. kT) oy H1 k (z, pT)
= rtom " lepton beam asymmetry, Collins amplitudes
:5|'L 0.15 :_ :_8.1%scale uncertainty
L O-® O-@®
N o - 2 L =t
. - _q_'ijﬂ__+¢' _____ ¢_?D1F ________ IFDD'FWL K+ amplitudes consistent with t*
E + : + g amplitudes as expected from u-
el 2 - + quark dominance
% o | + _ | 3 | | K|;—O'f op//posite tfigntfrom T
B e A - T ] |T T (K™ is all-sea object)
i S
CERETETTT A A A +MA ___________
005 [ A 4 E . ) >4
{L ¢ E .
_0_15_....|....|.I...|._'|.|.|.|.|.._%...|... T

0.1 0.2 0302 03 04 05 06 02 04 06 08 1
X Z P, [GeV



%Jfﬂ Collins amplitudes

-- extras: 2D binning --

kinematic dependencies often don’t factorise
- bin in as many independent variables as possible:

z @ fixed' x P, @ fixed’ z

X @ fixed’ z z @ fixed' Py,




%Jfﬁ Collins amplitudes

-- extras: 2D binning --

kinematic dependencies often don’t factorise
- bin in as many independent variables as possible:
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transversity & Collins FF

[Anselmino etal. PRD75(2007); update: 2009]
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spin-orbit correlations

Sivers function:

'UJX(:I?, bJ_) dX(.‘IT, bJ_)

b ™

2 [} 0.2 0.4
b

u(x:b ) d (x,i: )

[Matthias Burkardt]

a non-zero Sivers fct. requires non-zero orbital angular momentum !
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Sivers amplitudes

2(sin(¢ - )

1 fii' (k) ® Di(z, py)
%{95{5 ep> hX [PRL94(2005)]
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Sivers amplitudes

t
%gg ep > hX [PRL103(2009)]

1q q
flT (X, kT) ® D1 (Z, pT)
first observation of T-odd
Sivers effect in SIDIS
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Sivers amplitudes for T
Y fr(x.k;) ® D(z, p;)

7.3% scale uncertainty

5 01fF . - N

2 : ! +: by clear rise with z

Soost, bbb g tT ¥ .

s [ ! ¥ §+++ rise at low P,

D | ot e plateau at high P,

= 01T - e

I i + I\ i i +++

£ 0__+__+___!r_+_f_____+ AR KIS
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%5 0.05 g i 73 cancellation for ™ :

g oi'++*+u++++ __+_4_.*_¥_+_+___+_'_ u and d quark Sivers DF of

g | J + opposite sign
-0.05 - B

[PRL103(2009)] X z P, [GeV]



Sivers distribution for valence quarks

transverse SSA of pion cross section difference:
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Sivers: kaon amplitudes

7.3% scale uncertainty eP19 KX [PrL103(2009)]

. clear rise with z

rise at low P,
plateau at high P,

B slightly positive



Sivers: the kaon riddle

7tt/ K* production dominated
by scattering off u-quarks

\ difference non-zero

@90% confidence level

_—
S
w5 N
2= - KT — ot
< 0.15
= n
5 oar
™~ -
;;5 0.05:— + ++ + +
? OE"‘+‘“"'%
== "
% -0.05 |-
N L
1

10

e K™ =|us) & m" = |ud)

e convolution integral in numerator

- non-trival role of sea quarks

depends on p; dependence of FF

e differences in dependences on kinematics integrated over
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role of sea quarks

+55 n
F -
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- differences biggest in region where
strange sea is most different from light sea




N Sivers function

[Anselmino et al., EPJA(2009),89] combined analysis: %M @
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Sivers function

— \
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\-.) lattice [Haegeler et al.]
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D

the shape of the nucleon
‘pretzelosity’

hir ® Hp;

gl (X) o h1 (X) — hlji*(l) (X) [model dependent]

pretzelosity: measure for relativistic effects
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transverse spin effects the
unpolarised cross section

1
(X, Ky )
spin-orbit effect (Boer-Mulders DF):

correlation between quark transverse motion and transverse spin



unpolarised cross section
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spin-orbit correlatlons

interaction
‘p i . hn+BoeT“'MU\derS dependent terms
a h
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Cahn

f

access to intrinsic quark transverse momentum



Monte Carlo:

- acceptance and radiative effects

analysis challenge

generated in 4n

measured inside
acceptance

generate cos(nd) moments
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Monte Carlo:

analysis challenge

acceptance

- acceptance and radiative effects
generate cos(nd) moments

g Cahn model
in 4n

B unfolded in 5-D

0 unfolded in 1-D
- /nacurate !
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<COS(>: intrinsic quark transverse momentum

e very similar result for deuterium

14

o T e ent X I HERMES prelimina
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] g 1 1 E
0.1 p ]
0.15F s
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- different effects for different pion charges ... unexpected for Cahn effect!

e Boer-Mulders term important ?

e <k;> flavour dependent ?



P <C0S2(>: spin-orbit correlations

A —
h (%, k; ) ® H{ (2, pr) bkl
feepoen' X I HERMES preliminaryi

01 fed—en X E

2(cos(20 ),/ kyly) 2(08(20),, ! Kyfy)
18
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X y y 4 P [GeV]

deuterium = hydrogen values - B-M must have same sign for u & d




lattice:

.—06-04-02 0 02 04 06

<COS2(>: spin-orbit correlations
h (k) ®H (2, pr)

models: same sign for u & d Boer-Mulders fct.

[Hageler et.al. PRL98(2007)]

g diquark spectator model:
é [Gamberg et.al. PRD67(2003), (2007)]
59
4E
)=
2
1
0 =
—
T -
2.5
2 ™
Y
15 % o
1 X
- I o5
 down @ 0

Py [im]



|€§t e

right
> 4

inclusive hadrons

ppT—>hX

large transverse single-spin asymmetries @ center of mass energies:

4.9 GeV

PRL 36, 928 (1975)
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W conclusion & outlook

~3 years after HERA shutdown many exciting results still to come:

. longitudinal momentum & spin distributions; fragmentation:
publications in preparation:

e final SIDIS A, for pions, kaons, protons
o multiplicities for pions, kaons; factor ~6 more statistics to be analysed

transverse spin effects & intrinsic k;:
publications in preparation:

e full set of A ; & A moments > new quality: p; weighted asymmetries
e azimuthal asymmetries in unpolarised cross section

. not discussed here: wealth of results from exclusive processes
- GPDs & nucleon tomography : complementary to TMDs
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