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with HERMES

N. Bianchi, INFN/LNF

hianchi@Inf.Infn.it

e Introduction to polarized DIS
¢ The HERMES Experiment

e Double-Spin Asymmetries

> inclusive = Polarized SF g,

> semi-inel A= = Polarized PDF Ag

> High p; h* = Gluon polarization AG/G
e Single-Spin Asymmetries

> semi-incl 7= New polarised SF and FF

e Other physics results

e Summary-outlook
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/ ‘ Contributions to the Nucleon Spin I \

The current view of the proton (and neutron)
structure is a complex object made up by moving
and interacting quarks (valence and sea) and gluons

One of the current fundamental issue is to
understand how the different objects inside the
proton contribute to the total spin
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inclusive semi-inclusive
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/ ‘Pnlarized Deep Inelastic Scattering I \

(E, p’;Lf"

(E, p) /

DIS Variables:

v lab o
Q* ' 4EFE'sin%(%)
lab
v = E-F'
lab 2
e = 2
Iqh TTL i
& o gy
Y = = g
lab B

i3

B

e Inclusive: detect E’

e Semi-Inclusive: detect £’ and h
flavour tagging
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Cross Section:

dd¢ _ a’FE' TR
Fae? ~ q7E LW

I =2 [kukl, + kukl, = (k- k') guu + Mie,0a8° (k= K')?|
Where: 5% = %H{ﬁr.s}'}-“*mu{k.n}

Wiw = —guhFi(2,Q%)
CBE (5. 7)
+ :J [‘“uuﬂ‘qlsﬂﬂl (J:'QE)
) :"'TF‘}.‘J'-l.-«-u:in."'.i":f":,'I R "?‘IE;Iﬂ == qpﬂ ) 9 (;I'.‘, QE)

Fy,F, = Unpolarized Structure Functions measured
averaging over spin

g1,92 = Polarized Structure Functions measured via
double spin asymmetries

Which are the meanings of SF?
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/ ‘Virtual Photon Asymmetry' \

Y Ca
AP NAAO D) 5= 17
>

+ ,
C4/2~9 (¥ ~—— Nucleon
+: quark spin parallel to Nucleon spin

sz?nm ’ Sy +Sy= 3/2
O

G329 (X)  ™——"Nucteon
- : quark spin opposite to Nucleon spin

Simple interpretation in the Quark Parton Model
Fi(z) = 33> eXgf(z)+q (z) = %%la?wn
2xF| measures the quark momentum distribution
ax) = 3), Ef(ffi(fﬂ} —g, (z)) = jrziﬁzﬁ‘qltm}
g1 measures the quark longitudinal spin distribution

=+ flipping spin of target = Quark Spin Distributions:

What should be measured to extract g, ?/

¢ é—ﬁ N. Bianchi LNF Spring School 2000, Frascati 1



/

Measurable Asymmetries:

b el 4 =
“  gli4o™ L = g1 4ot

The relation between the asymmetries is:
A = D(A1 +nAz) where nA; is small
.-":i.J_ = d{A:‘: -+ E.‘q]}

Where: D.1n,d, £ are Kinematic variables

- —r 0
= 44 =

I == a)tay Fy
42 = FTTL = g +92) N = M
) Ty F 32

Neglecting g2 — q1(r) = ﬂﬁ‘i}‘q”

_ opoap gy o 2y 1 Au(@Q7)

= oyjatoa — P IE?F gy (x, Q%)

D,d: wirtual photon depolarization factor
R: ratio of long. to trans. photo-absorption

e transverse pol. of the virtual photon

.
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4 N
‘ Sum Rules .

No fundamental prediction for g;(x)
(Q*-evolution from QCD)

Fundamental prediction for the first moments

[ g7 (x) %[%&u—l- ;i&d-i* %&3]

Au, Ad and As polarized quark distribution functions

Bjorken Sum Rule

(1Au - 1Ad) = L(Au- Ad)

Bl [ =

[(gh(z) — g} (x))

Au — Ad (neutron J-decay)

D::‘Hh
= P

[(gh(x) = g7 (z))dz = 144 . Corr(QCD)

Corrections known to 4th order! /
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tiales

A second generatlon experiment
designed to study the spin structure
of the nucleon at HERA
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'The Polarized Positron Beam at HERA.

27.5 GeV ¢7 (e7).

Self-polarization by emission of synchrotron
radiation, Py(t) = p; **[1 — exp(t/T)]

Spin rotators — longitudinal polariza-
tion at HERMES IP

2 Polarimeters (Compton laser backscattering)

average beam polarization (P,) = 55%
Comparison of rise time curves

E  Transverse Folurimeter
-E & Lunglivdinal Polarimeter
3
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The HERMES Polarized Internal Targf-t_

[ sesurce for
L | molarized gas 03 Tesa
i pniy b b codlumaiaors 1 b S
[ againsl syncheotron radidon | /

c|
r‘-r E
3
............. -
electron bea
e L,
|Il ‘H"'i-\.\_h__&‘-
I : ' (it exdt winckn
I | 1 3 k! = ]
slorage cell r“hﬁmw v = 0N giny 55
Mg 0K x 400 ! | ™ a—

i <L} mam Al |
pe |08y 10" pomsiem

e Pure (no dilution factor) gas target
e laser driven polarised *He target (pr ~ 50%) in 95

e atomic beam source for polarised H target
(pr ~ 90%) in 96-97

e atomic beam source for polarised D target
(pr ~ 90%) in 98-00

e transversely polarised H/D target in 01-..

e unpolarised high density nuclear target (H, D,
‘He, "He, N, Ne, Kr) in 97-00

% A
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/ ‘The HERMES Experiment in 97' \

e Forward dipole spectrometer: 1.5 Tesla m ,
40 mrad < # < 220 mrad

e Charge particle tracking: 57 tracking planes,
dP/P = (0.7 — 1.3)%, 80 < 0.6 mrad

e Photon detector: 840 lead-glass blocks,
SE/E ~5%/VE, §6 ~ 1 mrad

e Particle identification: Threshold éerenknv,
TRD, Preshower, Calorimeter

Q‘Eﬁﬂl‘ltﬂd results are related to 95-97 data taking peri.nd/
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Particle Identification

e Lepton hadron separation, from Cerenkov , TRD,

tion < 1%

¢T contamina

Preshower and Calo

Cerenkov threshold detector

4.5GeV < P* < 13.5GeV

ation:

L |
o

e 7% identific

10
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Muon hodoscope for charm physics in 98

9
Forward quadrupole spectrometer for low ()°

physics in 99

Large acceptance silicon detector A physics

in 00

Silicon recoil detector for exclusive physics in

01

-
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Neutron Spin Structure Function g} (z)

Target: "'ﬁﬁ., 2 protons paired with spin 0

.
0 - l+¢1¢l

4 |
0.3 Ao * } ® HERMES (1995)
A SLAC-EI154

\H, Ackerstaff el al., Phys. Lelt. B4{04 (1997) 383-389. j
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Proton Spin Structure Function g} ()

Target: H

Fr
AP ~ P /P P o AP . P _ AP . 2
Al =g /Fy =g = A - F| = A 2z ( 1+ R)
ar 1
(18
%5 0.8 | « HERMES (1897) 1
» SLAC E-143 } %
0.6 | = SMC (199341996 ) f g -1;

0.4 fe t
02 | 3 o 4i""u'“(‘tmB '
| ]
0 ! u] - 0 m'gﬁga‘ﬁ i
0.01 0.1 g
> 07 * HERMES (1897 ) * HERMES ( 1997 )
0.6 4 SLAC E-143 L L SMC ( 1993+1006 )
0.5 } Q= 2 GeV* I *ﬂ] @’ =10 GeV*
) il i
0.3 { %%}élr}i i 1 {_ i_ﬁi
i+ & !
0.2 1 Hiﬂ‘iiﬁhﬁ; ; e
0.1 * "!H o '
02  oa 0.5 0.02 0.1 0.5
X X

A. Airapelian el al, Phys. Lell. B442 (1998) 484-492.
\R*. Ackerstaff et al, Phys. Lell. B{44 (1998) 531-538. /

h%ﬁ' N. Bianchi LNF Spring School 2000, Frascati 13



-

L

\Bjurken Sum Rule Veriﬁcatiun'

J(g¥(z) — gT'(x))dx = 24 . Corr(QCD)

rl
il
Ellis-Jaffe Sum Rule
-
I 1
Meutron
- ElI54
0.1
Deuteron
03 jorken Sum Rule

El14:
HERMES

I = f::nl gi(e)de TT= jj:nl gl (x)dz

e Bjorken Sum Rule OK @ 10% level

e AY = 0.2~ 0.4 small fraction of the nucleon spin
is carried by quarks

e New results expected for Deuteron (HERMES)
and Proton (E155)

\

/
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Semi-inclusive Asymmetries

Flavor - Tagging:
Correlation between struck ¢; and detected /.

In LO-QCD:

hy_ r ur_'.fz 2.11“‘{.1" Q.'J}Dh{I ‘-“]H
4 3 T '."l P~ g! [I,Q f
tli *.[{,] . F|1 {_:1{32 sz IQI IQ"]Dhi" QE

e 1| Measured semi-inc. asymm.

e Agy (q7) Polarized (unpolarized) quark
distributions

® D'}{r} fragmentation functions

Unpolarized inputs:
> qrlr, Q°) parameterization
D%(z,Q*) from LUND MC
Assumptions:

> Factorization (deep-inelastic scattering,
hadronisation)

> Fragmentation functions spin-independent

A
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fragments, require:

‘ Hadron Asymmetries I

HERMES Data on *He (1995) H (1996+1997)

To distinguish between current and target

:=Ey/v>0.2 and zr > 0.1 and W? > 10GeV?

R.

N

8 A @ LAY (P AY (p)
0.6 - HERMES “'l | *» HERAMES |. - HERMES
| s E143 T = SMC 1T 7 SMC '
0.4 #"#‘ | B &_ #‘I . '-Tn i
: :@A‘f& - t: gl ®
0.2 & oy L ‘et
R 1 21 [ 1)
- e & %740 1
0~ i i — i |
_—-# P _—#; | —= |
r i 1 1 ||||‘ 1 i Lil 1 I? I|1 | ] 1 1
iz © A, (*He) - A" (He) AY (CHe)  °
02 “» HEAMES 3 .
Gi e Ess + = - #
0 Gyt 'JJr Y 1H 3 +i+"'+'
[nin_i.iq.i.A.v, . * +'l-+ AL
01 F = Tp - 1
:* : ! .
02 - -
.ﬂla ’: ] Ll __lj l ;_4 L sl ] -|-||'_ e o .
0.04 01 1 0.04 €A1 1 0.04 01 1

Syst. err: target/beam polarization, *He ﬂuctua)‘i:iun,

o

K. Ackerstaff el al., Phys. Letl. B464 (1999) f:i'.'?-j'y
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/ ‘ Flavor Decomposition I \

06 | (AutAu)/(u+u) ?
0.4 - <
Z °
0.2 - « °
: @ L ] .
r g e P SO R 5
0! fog | . .
0.5 = = B
T (Ad+Ad)/(d+d)
0 o
[ . * -
._ I
0.5 -
-1 + : ol
0.5
E
0.5
-1 .— |
0.03 0.1 0.5
HERMES SEA Assumption: X

Au,(z) _ Ad,(z) _ As(z) _ Au(z) _ Ad(z) _ AF(z)

\11,{1_1 dy(z) — s(z) — ulx)  dz) &(x) /
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‘Valence and Sea Quark Distributions

X ﬂu“ T

- e N
04 "o HERMES AN
0 SMC_— o (f A 3
U E = -"'Fﬁ ™ I == L i e, §
= i QU
o +L N
D - |_]|J : : *} l\-.,
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/ ‘Nﬂn—singlet Cﬂutributinnl
cAg" " = o(Au + Afi — Ad — Ad) - Bjorken SR
;g 0.5 - —— De Florian/(1+R)
» Glock/{(1+R)
0.4 - - Gehrmann }
L _.st"r-r N
. ¢ \
03| AT\
02} %
{ ® \:
01 =" 9 s |
I | \
ol )
i —R—
|
01 503 0.1 0.5
X
In summary
" Direct measurement prediction
total integral inclus. S{7/(3)
Au+ Au 057 £0.02F£003 | 0.66 £0.03
Ad+ Ad —0.25 £ 0.06 £ 0.05 —0.35 £ 0.03
As + A5 —0.01 £ 0.03 £ 0.04 —0.08 £ 0.02
AX 0.30 £ 0.04 £ 0.07 0.23 £ 0.04
For a direct measurement of the strange sea
contribution : full kaon identification with RICH

o J

. M N. Bianchi LNF Spring School 2000, Frascati 19




/ ‘Gluun contribution to spinl \

e Photon gluon fusion process probe (1)

e Spin asymmetry in Photon gluon fusion probe

AG/G
y :
+ =T

HERMES:

—+ Measure asym of high py hadron pairs

—+ Choose phase space where (vg — g¢) dominates
Require:

e at least one h" and one L.

e high momentum (p,+ >4.5 GeV)
and high pr (pr >0.5 GeV).

e M(2h) > 1.0 GeV, to remove p and ¢ resonances.

e do not require scattered ¢* in the spectrometer
= Photoproduction Q? =~ 0 (maximize cross sect.)

\_ /
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‘Diﬁ'erent possible cnntributinns' \

Assume four different processes may contribute (in
LO QCD) to the high pr h® pair production:

r

z

E_:,

DIS

negligible contribution

VMD
assume Ayvyp = 0

A

|

fa i |

AT
/ ;f

QCDC PGF

Agepe ~ —“ 9

Apcr ~ F

Their spin asymmetries can contribute to the
measured asymmetry:

A = Aqcepce faepe + Arer frar + Apisfpis + Avap fvmp
.. estimate their relative contributions.

N, /
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/ ‘ Evaluation of different cﬂntrihutiunsl\

-~ 10 : ~ 1ok : ,
i HERMES PRELIMINARY s " HERMES PRELIMINARY |
AR pF=1.5 GeVire ; =y Ay>1.5 GeVie
t 4t g8 it |
1o

‘ |

: i

10 - el | | . _ |
as ors T .26 15 175 2 05 o758 1 128 18 1.75 2
Y (GeVic) gt (GeVie)

black = total, red = PGF, blue = QCDC, dotted black = VMD

g .~ HERMES PRELIMINARY |
t§‘ - PS15Gsve ‘
Process fractions f;: 08 |
(fp1s ~ 0 from LEPTO) §
n 0.6
04|
- PGF dominates at
O 66 08 1 12 14 16 18

P (Gevic)

N\ /
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/ IFirst result for ﬁG/GI \

AG/G = +0.41 £ 0.18 (stat.) + 0.03 (exp.syst.)
at {rg) =0.17 and (5%) = 2.1 GeV?
AG/G is positive

= 1. ! ;

& HERMES PRELIMINARY
N 08" LOdimct + soft VMO mode! |
X5 —
e o

04 -

02 %
24 ’_\L\’_ |

L e AGGe04T |
0.6 —

— NGB!
g "~ GSANGE-0H !
. — GSB(G/G-03) :
Lo oschaG-a -
05 08 1 12 14 16 1. 2 1

Py’ (GeVic)

An alternative way to measure AG/G is through
charm asymmetry —+ HERMES charm upgrade

\A. Airapetian el al, Phys. Rev. Letl. 8§ (2000) 2584 /
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fClassiﬁcatiﬂn of Distribution Functions

The leading twist description of the nucleon involves 3
types of Distribution Function (+ others at higher level)

—

I =

5 ] -\'.
I. 1
]
| \ ;

Unpolarized quark in unpolarized nucleon.

.-*""_“Hk ,-‘"'H"H\I Poiie T
g[L'— I\.--)—’-—(---I}—h- E“IT_ {."","'n"'":
- _,f’g H‘-x _.--""f e "

Longitudinall quark in longitudinal and transverse

nucleon.
Il.a“'- 1"*.\' I I ,ﬁ\'\.,l rf"- : “"h_lll
| \ i - : T : - I\-,__,f’f_-

D D

Transverse quark in longitudinal and transverse nucleon.

=
I

=
I:

h; is chiral odd — observed only in combination with
an other chiral odd structure — (Collins) Fragm.

Function in SIDIS

\_ =)@ )
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( Single Spin Azimuthal Asymmetries

e Double Spin Asymmetries:
Polarized Beam and Target.
9t g1 Agq -+
Longitudinal quark polarization densities.
e Single Spin Asymmetry (SSA):

Polarized Beam or Target.
Transverse quark polarization densities,

|
" Chiral-odd T-odd FF

U
SSA

Naive parton models, non interacting collinear parton

SSA originates from multi-parton correlation and
intrisic quark transverse momentum k.

o

Chiral odd. T-even DF

Parity, Angular momentum, Helicity Cons. = S5A = 0

_/
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4 'COLLINS FFI \

transverse quark polarimeter

Simple interpretation (Semi classical string model)

ty

Ha

(

Correlation between the spin of the valence quark and
the transverse momentum of the outgoing § (pion).

COLLINS FF

’}/“w
L .
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sin @

‘ Contributions to sin d)'

L+

T

P

J2sing AN, — - [¥7 sing dN_

2T dN, + [2dN_]

e Chirality structure of DF ® FF : even
e Time reversal structure of DF ® FF : odd

T-even DF T-odd FF |
chirality chirality
even odd even | odd
U f, Hy-
twist 2 | L | gz hit,
T| air hy hiz || Diy
§] i e H
twist 3 | L | gi hy Dt | E;
T|gr g+ | hr hs | Dy | Er

<sing >y x Sp Z eﬁ:::h.i(r}ﬂf’”{z}
.0

+ Sr) elzhi(z)H{(z)

a.a

HERMES, Longitudinally polarized target:

St << 8,

\

M N. Bianchi
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[Crnss section Aﬁymmetryl

Asymmetry in the cross section A(¢) = F}H ﬁi;fr;
0.08 \M -
0.04 F i“"‘
Q.02 F ‘."‘
Wi Ki—i\k
-002 W B
=004 | P, =-=0007 £ 0.003
+ Py = 0.020 £ 0.004
B é’ n
@
.08 —
E e
0.04 ‘#‘5#
o
< o4 |
-0.07 F R
0.04 | Py= 0.005 £ 0.004
| P, = —0.001 £ 0.00%
oo [&] ™
P
rt ASTY = 0.022 4+ 0.005(stat) £ 0.003(syst)
7= An7? = —0.005 + 0.008(stat) + 0.004(syst)
- 9 1
ﬂ,+ AE;E#’-‘ o _Q_htEHi-u—r#“" + @_hiHiJ,d—Hr""
- 4 S | ——
n App’ o« GhLHMTT 4+ ShiHpe

_/
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/ ‘SSA Avr: Py cle;::endeuce' \

i
5 8
-
.05
| P e
" -
i} F2AE . Pt Ff- PR A i e e |
¢ I .
0.05 - T
8§ P23 04 B85 08 L 3192
P l(GEV}

Dominant role of intrinsic k7 when Pp < hadronic mass
scale ~ 1 GeV.,

! Atrapetian et al, Phys. Rev. Lett. 84 (2000) 4’:’34?/
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/ ‘SSA Aur, T dependence: rr+I \

M- n" HERMLS PRELIMINARY
0.1 r
3>
3{5
y o &
0.05 - e
+ o .
. |
ﬂ- &g
D . " _._.__-_'__'_'_'_'_'_'_'_'_
005+ | =
i I L : I
0 (.1 0.2 b 0.3

. P
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‘SSA Ay, T dependence: 7r+I

ﬂf - - n, = :,rf1"§|-}f2+ I\": - ﬂ.? G"E'.I'I"I
EL_ -|"',=|:],,M=='=D.?G'EU

2 ~ hy = gi, Me = 0.3 CeV

n 35

<L

0.05 +

ﬂ -

-0.05

0.3

Dominant role of valence quarks
— First evidence of transversity in a longitudinal target

— Accurate measurement of h; (transversity) with the
Qransversely polarised target in 01 /
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]Other HERMES results not presented \

Polarized Physics Program
e Longitudinal Spin Transfer to A
e Spin asymmetries in diffractive Vector Meson
Production
Unpolarized Physics Program
e sea flavor asymmetry ii/d

e exclusive mesou production and Skewed Parton
Distribution

e Fragmentation Functions for
light quarks — 7w, K, P, A

e longitudinal and transverse polarization of A

Nuclear Physics Program

e Diffractive Vector Meson Production
(coherence length effect).

o gV HelKr 15D . HERMES effect on oy /or

e Measurement of the hadron formation times in
the fragmentation process

\ —+ http://hermes.desy.de/notes/ /
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'The Polarized Positron Beam at HERA.

27.5 GeV ¢7 (e7).

Self-polarization by emission of synchrotron
radiation, Py(t) = p; **[1 — exp(t/T)]

Spin rotators — longitudinal polariza-
tion at HERMES IP

2 Polarimeters (Compton laser backscattering)

average beam polarization (P,) = 55%
Comparison of rise time curves

E  Transverse Folurimeter
-E & Lunglivdinal Polarimeter
3
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