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The Spin Structure of the

F, from HERA tells:
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Longitudinally polarized lepton beam
Longitudinally polarized nuclear target e

Large geometrical acceptance

small angles:

limited by synchrotron radiation
big angles:

limited by money

Good particle identification

— Lecture |
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E155 Spectrometers

PR Hodoscopes

Dipole Magnets

CI=——_ shower

Polarized
counters

Cherenkovs

Polarized
Electron

Beam Collimator

Quadrupole Hodoscopes
Magnets
Hodoscope Shower
counter

Cherenkov

meters

E155 kinematic cover age
by spectrometer




/7 FIELD CLAMPS ‘\ TRIGGER HODOSCOPE H1

DRIFT CHAMBERS __- 270 mrad

170 mrad —

PRESHOWER (H2) B
DRIFT 140 mrad
CHAMBERS
: 27.5 GeV

LUMINOSITY
= coocod >

TARGET R MONITOR e+
CELL / =
SILICON f v ) 'v
HODOSCOPE HO
N/ N/ S

STEEL PLATE BC 3/4 TRD ~ “CALORIMETER 140 mrad

. _ 270 mrad

WIDE ANGLE

MUON HOD! PE
~— MAGNET UON HODOSCO

Internal Gas Target:




Photon Detector

Cherenkov
Photons
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The HERME

Photon Detector

Cherenkov
Photons

detection efficencies




Lab Experiment | Year Beam Tar get Measure
Energy Type | Ppg Type Pr T
SLAC ES0 75 | 10-16Gev | e~ | 0.85 | H-butanol | 0.50 | 0.13 Ai
E130 80 | 16-23GeV | e~ | 0.81 | H-butanol | 0.58 | 0.15 AT
E142 92 | 19-26GeV | e~ | 0.39 *He 0.35 | 0.35 g7
E143 93 | 10-29GeV | e~ | 0.85 NH3 0.70 | 0.15 gg
* « « « « ND3 0.25 | 0.24 g5
E154 95 48 GeV e~ | 0.83 *He 0.38 | 0.55 gy
E155 97 48 GeV e” | 081 NH3 0.80 | 0.15 gg
« y . « 3 LiD 0.22 | 0.36 gs
E155X 99 | 29/32GeV | e~ | 081 NH3 0.70 | 0.16 gg
* . = « & LiD 0.22 | 0.36 g5
CERN EMC 85 200GeV | pT | 0.79 NH3 0.78 | 0.16 q1
SMC 92 100Gev | ut | 081 | D-butanol | 040 | 0.19 | ¢@"
. 93 190GeV | p*™ | 0.80 | H-butanol | 0.86 | 0.12 | g¢7,95
« 94/95 . pT | 0.80 | D-butanol | 0.50 | 0.20 qs
« 96 i pt | 0.80 NH3 0.89 | 0.16 g7
DESY 95 28 GeV et | 0.55 “He 0.46 | 1.00 gg
< 96/97 « « « H 0.88 | 1.00 q1
z 98-00 " B D 0.85 | 1.00 | g¢,by
. > 01 ” e* Z H 0.85 | 1.00
CERN >01 | 160GeV | ut | 0.80 NH3 0.90 | 0.16
“ i 4 0.80 LiD 0.50 | 0.50
BNL > 01 | 200 GeV p | 070 | 200GeVp | 0.70 | 1.0

— Lecture |




Polarized Deep Inelastic Scat

' . d?o 2E! v
Cross Section: T = O°F L,.(k,q,s) WH(P,q,S)

(for spin 1
Target)

leptonic  hadronic

purely electromagnetic — calculable in QED

—g" Fi (z,Q%) +EEF (:1: Q?)
+ie" L (8,91 (2,Q%) + 3 (- ¢80 — S - qpo) 92 (2, Q7))
—b1 (%, Q%) Ty + b2 (=, QQ) (Spw + tuw + upw)

+303 (2,Q%) (3p — ) + 304 (2,Q%) (0 —

)



Virtual Photon Asymimetry










Fi(z)= 52 e(q (@) +q; (z) =33, ()
2XxF1 measures the momentum distribution of quarks

giz) = 5Xe(q (@) —q () =32 eAq()
g1 measures the spin distribution of quarks

Virtual Photon Asymmetries:

2

TL
or

Measurable Asymmetries:

— —

_ G =g AJ_ _ ol —gTe

= T FoTe

A|| — D(Al 77A2) A= d(A2




e HERMES

A SLACE-143

m SMC

e HERMES PRELIMINARY

('00 data, no smearing correction)

o SMC
A E143

O E155
(averaged by HERMES)




smc  Proon World data on gy
HERMES bl
HERMES prel.

HERMES prel. rev.
E155

*
|
o
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P
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w E142
A E154
(1 JLab E99-117 prel.

0.0001 0.001 0.01




No gluons

g q
r/ K/ Quarks are re-defined

e Te— with the inclusion of

Gluon Radiation Photon-Gluon Fusion

(weak dependence)

o> €% Aq(x,Q?)

g1 becomes
explicitly dependent

as 1 o o
552 % [Aq(x,Q%)®Cq +

— Lecture |
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In NLO there are two independent NS distributions and and

= 2 (2Au — Ad — As) = 2 (2Ad — Au — As)
= Au + Ad + As
Their Q% dependence is regulated by the evolution equations
d o)
— _SPNS
dIn ()? o e

d - % P(}S;] anPqG 2
dlIl Q2 B 271' qu PGG

— Lecture |
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In NLO there are two independent NS distributions and
= 1 (2Ad — Au — As) |

= 2 (2Au — Ad — As)

and

= Au + Ad + As
Their Q% dependence is regulated by the evolution equations
d o)
— _SPNS
dIn ()? o e

d - % P(}S;] anPqG 2
dlIl Q2 B 271' qu PGG

)

Each distribution is parameterized at a starting Q3:
medium x

7\
r N\

& = i A 2% (1+ vz + piz?) (1 — z)"

\ .

~"

low z high =
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In NLO there are two independent NS distributions and and

= 2 (2Au — Ad — As) = 2 (2Ad — Au — As)
= Au + Ad + As
Their Q% dependence is regulated by the evolution equations
d o)
— _SPNS
dIn ()? o e

d - % P(}S;] anPqG 2
dlIl Q2 B 271' qu PGG

Each distribution is parameterized at a starting Q3:
medium x

7\
r N\

& =1n;A4; 2% (1 +vx+ pix%)gl — x)bi

low z high =

They are evolved to Q? using the evolution equations to obtain g$2!¢

meas

— Lecture |



In NLO there are two independent NS distributions and and

2 (2Au — Ad — As) = 2 (2Ad — Au — As)
= Au + Ad + As
Their Q% dependence is regulated by the evolution equations
d o)
SPNS
dIn ()? T o e

d PS anPqG 2
dlIl Q2 271' PGq PGG

Each distribution is parameterized at a starting Q3:
medium x

7\

& =1n;A4; 2% (1 +vx+ pix%)gl — )P

7

~"

low z high x
They are evolved to Qmeas using the evolution equations to obtain g$?!¢
The x? is minimized x2 = Y ... (g7 — g$21°)2 /02,

— Lecture |



In NLO there are two independent NS distributions and and

= 2 (2Au — Ad — As) = 2 (2Ad — Au — As)
= Au + Ad + As
Their Q% dependence is regulated by the evolution equations
d o)
— _SPNS
dIn ()? o e

d - % P(}S;] anPqG 2
dlIl Q2 B 271' qu PGG

Each distribution is parameterized at a starting Q3:
medium x

7\
r N\

& =1n;A4; 2% (1 +vx+ pix%)gl — x)bi

low z high =
They are evolved to Q? using the evolution equations to obtain g$2!¢

meas
The x? is minimized x? = 37, (87 — 8§%'°)?/03;as
The parameters a, b, v, ... are evaluated

— Lecture |



NLO-QCD Fit Results for g

xgj(x) ot Q> = 5.0 GeV*
A E142 ® E154

xgj(x) ot Q> = 5.0 GeV*

xg(x) ot &% = 5.0 GeV?

Y SMC [0 HERMES(prelim)
v SMC ® HERMES(prelim.)
B HERMES

v EMC ® HERMES
A E143 @ EI55

® EI55 A E143 __ NLOQCD
(Method 2)

— NLOQCD
(Method 2)

— NLOQCD
(Method 2)

exper. syst. uncertainties exper. syst. uncertainties
A 77 P el —_— e e e T T T

xAZ(x) — NLO

— ThisFit

Who carries the spin ?
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NLO-QCD Fit Results for Different Flagors

xbu(x) = NLO 1 xAd,(x) — NLO

___ Method 1

xAG(x) — NLO

— Method 1
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NLO-QCD Fit Results for Different Flgiors

0.15

E 0l |
oa £ xBu(x) = NLO :_ F xAd,(x) — NLO
03 [ —— Method 1 3
02 |- i
o_l j } />'<\ :HHH T T TTTTIT T T TTTTIT T \\HH:\:HHH T T TTTTIT T T TTTTIT T \HHH:
: - T o8 + =
of 3 061 - + -
- L L L \\\H‘ L L L \\\H‘ L L L \\\"H _0.25 [ L L L \\\H‘ L L L \\\H‘ L "\ L L1l 04i 5i 5
107 107 107 X 107 107 107 X o Xy, I E
5 B O EHHFT-HHHH—HHHHH— T
S L %83 (x) — NLO i i3 s
15 XAG(x) — NLO 001 1 3 « E3 EE
125 | ol o ES EE
1 | T Method 1 . 02 xd, -l {§
E ..', ~ o : L HHH‘ | \HHH‘ .l ::HHH L1 HHH‘ L \HHH‘ L \H: I
075 ? ______ GRSV _001 j ~~~~~~ ium R R \HE 10_3 10_2 10_1 2
05 |- i e C © H1PDF2000: Q?=4Gev? X
0.25 |- 00z 4 - FittoH1 data
0 == I GRSV 1 experimental errors
= -0.03 - P . model uncertainties
-0.25 | I [ ___ AAC : 1 FittoH1+BCDMSdata
-05 - Lol | Lo -0.04 [ C ol Lol L olrrinl ol ol ul partondistribution
N 2 A ' 3 £ Al 107 107 0”
10 10 10 X 10 10 10 X
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NLO-QCD Fit Results for Different Fla&ors

xBu,(x) — NLO “F xAd(x) — NLO

— Method 1 : i
As(q)

xBG(x) — NLO - AG

— Method 1
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NLO-QCD Fit Results for Different Fla&ors

xBu,(x) — NLO “F xAd(x) — NLO

— Method 1 : i
As(q)

xBG(x) — NLO - AG

— Method 1
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Correlation between detected hadron and struck

'Flavor - Separation’
e

/U =
o g 0 AY, = (Au+ Au+ Ad + Ad + As + As)
U\q_g
. 1P
p

T[+

//\§ . Au, A%, Ad, Ad, As, A5

A _h 2
Aoz, Q) = A2~ %2 1+ R@Q%) 2.4
0?/2""7:’)}/2 1+72 D¢ efcqf(a:,Q2)

(Polarized) quark distributions
fragmentation functions giving the probability that a (struck)
of flavor / fragments into a hadron of type

— Lecture |



- h+

= Ag

.« HERMES prelim.

£ o SMC

59

T

Al,d

e HERMES prelim.

e HERMES prelim.

K+

Al,d

-¢¢¢”+ ___________________________

: h-

= A

£« HERMES prelim.

. o SMC

3 ¢
Sufu R,

_ e HERMES prelim.

L

002 0.1

h+

_ Al,p

E « HERMES prelim.

L (refined analysis) ¢
I o SMC ‘
. o

()
0.1
TH
Ar,

e HERMES prelim.

E « HERMES prelim.

E (refined analysis)

E o SMC ;
AL
0.02 T Ol.l

0.1

IS an
all-sea object

Covered range:
0.2<2<0.8
W2 > 10 GeV?

— Lecture |



Rewrite Photon-Nucleon Asymmetry

h gz =0 (CB)
A7 (x) C- qu, e2,q/(z)

N

Purity . probability hadron originates from an event with struck
; completely quantity

S

Extract by solving:

A= (A1p(x), Ara(x), AT, (x), AT g (%), Al (%))
3 Au Ad Au Ad Ast+As
Q= ( u’ d’ a’ d° Sig )

— Lecture |



“Generation of PUTties (H

Meas. hadron
multiplicities
Nh/NDIS

Measured
asymmetries
At (x)

Unpol. PDF Detector
q(z, Q%) geometry

e DIS generator (LEPTO)
e Hadronisation (JETSET

e Detector model

Helicity

Purities P! (x)

distributions
—— M o



N,/(Np,sd2)

—~
N
©
[2}
o
=z
=
iy
=
z

HERMES preliminary

0.6

ﬁ%

Data
2003a
2002a

* Jetset

fz/"‘__— : .
JETSET-Fragmentation Fu

(in HERMES acceptance)

Tolg
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Purities (HER]

u quark u quark d quark d quark s quark s quark
x3

| ® proton
4 neutron

M




Quark Polariz ns

1|

exper. syst.
theor. syst.
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Quark Polariz

exper. syst.
theor. syst.
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Quark Polariz

exper. syst.
theor. syst.
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Polarized Quark DenSities

e« HERMES preim.
_ . (1996-2000)
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Polarized Quark DenSities

e« HERMES preim.
_ . (1996-2000)
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Polarized Quark DenSities

« HERMES prelim. Ati(x) Ad(x)
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Polarized Quark DenSities

« HERMES prelim. Ai(x) Ad(x)




g
SU(2)-Flavor Symmetry Breakiig(?)

— CTEQ5M --- CTEQ4M
— MRST — GRV98
@® ES866 0 Hermes

Systematic Error

AVAVATA e e o

O 005 01 015 02 025 03 035
X




SU(2)-Flavor Symmetry Brea

. Au-Ad
~._ * HERMESpreiminary
> (1996-2000)

— CTEQ5M --- CTEQ4M
— MRST — GRV98
@® ES866 0 Hermes

oo
®e
oo
A LITPPyF. Py

[EPJ C14, 147 (2000)]

- Bourrely et al.
[EPJ C23, 487 (2002)]

O 005 01 015 02 025 03 035
X

Al ~ Ad




HERMES Aqg extraction 0 MC projection

© HERMES prelim. result (1996-2000 data)
e MC: 96-00 data + 4*10° H (RICH)

-~ CTEQ4LQ/ (1+R)
— GRSV 2000/ (1+R)

,/"‘_’_
Future of Polarized Quark Den

COMPASS
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(2)

Proton helicity ="+"

u(xy)
o

VAVAV

d(x;)

b) .
Proton helicity ="+"

Proton helicity ="—"

Proton helicity =

"nmn

RHIC pp Vs = 500 GeV
JL dt =800 pb*

GS95LO(A)
— BS(Ag=0)
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How t0 measu G

X =0,000050, i = 21 o hi 2
. e Hlephigh
X = 0.000080, i = 20 phighQ
X =0.00013, i = 19 94-00
X = 0.00020, i = 18
X=0,00082, i =17 o H1€e'p low Q
X =0.00050, i = 16
96-97
X = 0.00080, i = 15
X=0.0013,i = 14 » BCDMS
X=0.0020,i = 13
o
x=0.0032,i =12 NMC
X =0.0050, i = 11
X =0.0080, i = 10
x=0013,i=9

x=0.020,i=8

*

‘M x=0082,i=7
0. 88

Wﬂ—o‘—'—.—‘—'—‘— x=0.050,i =6
0.9$

6.4 0eBAMomb Bro—Coees seetess, o o X=0080,i=5
0.8

6.0 444 G BPMMBELAY 5 gge00e®®e e o o 8  x=013,i=4

2 x=018,i=3

x=0.25,i=2

284 o &

~ H1PDF 2000 xooss=o

- extrapolation

H1 Collaboration




X =0.000050, i = 21 e >
x = 0.000080, i = 20 & BiteiplhighiQ

x=0.00013, i = 19 94-00
x=000020, i = 18
X=0.00082,i = 17 o H1e'p low Q°
x=0,00050, i = 16 9697
x=0.00080, i = 15
Xx=00013,i = 14
X=00020,i =13

s BCDMS

x=0.0032,i =12 ° NMC

x=0.0050,i =11
x=0.0080,i =10
x=0013,i=9
x=0.020,i=8
x=0032,i=7

x=0.050,i=6

x=013,i=4

a
- "'v"fu“%w—.-.--uu_r!_}_ x=0.18,i=3

3 L2 x=025,i=2
i1

_—»W X =0.40,i =1
t

AR A B
== H1 PDF 2000 RE@E 150

-- extrapolation

,"’/"P_— o

H1 Collaboration

How to measu

QCD Fits

M (H1+BCDMS
[1(H1+BCDMS

—(H1)

exp. uncertainty

\ Q°=200 GeV?

M (H1+BCDMS) total uncertainty
exp. + a, uncert.

H1 Collaboration

G
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How t0 measu G

97(x.Q°) * C(x)

x = 0.0063 (»3600)

vy SMC
* EMC

© x=0.0141 (+330)

x = 0.0245 (+60.0)

x = 0.0346 (x12.0)

x = 0.0490 (+3.0)
x = 0.0775 (+1.0)
- g B x = 0,122 (%0.4)
A HERMES Totlr i x-0173(02)
W——.—-—-‘-—-————r x = 0.245 (*01)
—htw—————%  x = 0,346 (#0.05)

___ NLO (BB) .
L NLO (GRSV) ’ "X = 0.490 (*004)
NLO (AAC) B S x = 0.735 (+0.04)




97(x.Q°) * C(x)

x = 0.0063 (»3600)

vy SMC
* EMC

x = 0.0141 (+330)

x = 0.0245 (+60.0)

x = 0.0346 (x12.0)

x = 0.0490 (+3.0)
x = 0.0775 (+1.0)
x = 0.122 (%0.4)
= x=0.173 (#0.2)
—&*.-.—-—-I——-‘———-—‘r x = 0.245 (*0 1)
—htw—————%  x = 0,346 (#0.05)

NLO (BB) Seher
L NLO (GRSV) ’ "X = 0.490 (*004)
NLO (AAC) B S x = 0.735 (+0.04)

xAG(x) — NLO
at Q% = 4.0 GeV?

xG(x) (GRV)

Method 1
_. Method 2

exper. syst. uncertainties
(Method 1)

theor. syst. uncertainties \




97(x.Q°) * C(x)

x = 0.0063 (»3600)

vy SMC
* EMC

x = 0.0141 (+330)

x = 0.0245 (+60.0)

x = 0.0346 (x12.0)

x = 0.0490 (+3.0)
x = 0.0775 (+1.0)
x = 0.122 (%0.4)
S - x=0.173 (#0.2)
—E‘.'.“"—‘."—""""‘—‘V‘ x = 0.245 (*0 1)
—htw—————%  x = 0,346 (#0.05)

NLO (BB) S
L NLO (GRSV) ’ "X = 0.490 (*004)
NLO (AAC) B S x = 0.735 (+0.04)

How t0 measu

xAG(x) — NLO
at Q% = 4.0 GeV?

xG(x) (GRV)

Method 1
_. Method 2

exper. syst. uncertainties
(Method 1)

theor. syst. uncertainties \



Direct Measurements O

Isolate the photon-gluon fusion process (PGF)
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Direct Measurements O

Isolate the photon-gluon fusion process (PGF)

D* - K+ 7+ Tgow

HERMES preliminary |'
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Direct Me

Isolate the photon-gluon fusion process (PGF)

D* - K+ 7+ Tgow

/1
014 016 018 0.2
m(Krm) - m(Kn) [GeVic?]
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The HERMES hunt f

0.8 GeVic < p?‘ < 1.0 GeV/c 1.0 GeV/c < p?' <1.2 GeV/c




Four different processes can contribute:
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Four different processes can contribute:
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Four different processes can contribute:
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Four different processes can contribute:




Interpretat ?1

Four different processes can contribute:




Interpretat ?1

Four different processes can contribute:




fz/"‘__— ks
Interpretati@n !

Four different processes can contribute:

= AG/G




.,-’/"‘———_ .
- Pairs of high-Pr H

pi'>1.5 Gevic

[

p21>1.5 GeVic

o
o]

QCDC, PGF, VMD)

o
o

f.

©
~

- - - GSA (<AG/G> ~0.4)
_ . GSB (<AG/G> ~ 0.3)
e ———s GSC (<AG/G> ~-0.1)

0.8 1 1.2 1.4 1.6 1.8 ) 0.6 0.8 1 1.2 14 1'6h2 1.8 2
p"? (Gevic) p7? (GeVic)

within LO pQCD and PYTHIAS5 MC model
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RHIC
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RHIC

promt—photon Jet-production heavy quark pair
production production




pairs of high pr hadrons
AG/G :0.04 < xg < 0.2

Heavy Quark Production (cc)
AG/G :xg ~ 0.2

Many Channels to study AG/G

Prompt Photon Production

(pp — v(jet)X)
AG/G:0.01 <xg<0.1

Heavy Quark Production (c¢/bb)
AG/G:0.02 < x4 <0.2

— Lecture |



RHIC
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g1(x) high precision data on proton, deuteron and neutron
very precise determination of and from NLO-QCD fits



Inclusive

g1(x) high precision data on proton, deuteron and neutron
very precise determination of and from NLO-QCD fits

Semi-Inclusive



Inclusive

g1(x) high precision data on proton, deuteron and neutron
very precise determination of and from NLO-QCD fits

Semi-Inclusive

good agreement with and from NLO-QCD fits to g (x)



Inclusive

g1(x) high precision data on proton, deuteron and neutron
very precise determination of and from NLO-QCD fits

Semi-Inclusive

good agreement with and from NLO-QCD fits to g (x)

gives more information
As(s) and Aa — Ad



Inclusive

g1(x) high precision data on proton, deuteron and neutron
very precise determination of and from NLO-QCD fits

Semi-Inclusive

good agreement with and from NLO-QCD fits to g (x)

gives more information
As(s) and Aa — Ad



Inclusive

g1(x) high precision data on proton, deuteron and neutron
very precise determination of and from NLO-QCD fits
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As(s) and Aa — Ad

first indication of sign from
scaling violation of g;(x)
Isolating PGF (pairs of high p; hadrons)



Inclusive

g1(x) high precision data on proton, deuteron and neutron
very precise determination of and from NLO-QCD fits

Semi-Inclusive

good agreement with and from NLO-QCD fits to g (x)

gives more information
As(s) and Aa — Ad

first indication of sign from
scaling violation of g;(x)
Isolating PGF (pairs of high p; hadrons)

needs results from RHIC and COMPASS

— Lecture |
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