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— kinematics
— the cross section
— structure functions & PDFs
— sum rules

— the experniments
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Introduction l

 the nucleon 18 made up from partons
— valence quarks
— sea quarks

— gluons

* quarks and gluons carry about 50 % of
longitudinal momentum, respectively.

« What about spin?
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Spin Contributions l

« naive QPM: only valence quarks
Aqgy

* QCD: sea quarks and gluons
&.QS, &G

« orbital angular momentum:
Ly, Lg

. Mallot/CERI Spin Summer Schaol, BML, 2004



Nucleon Spin l

e define: Ag = q+ —-q

« with: q_}_? q  propabilities to find a quark or anhquark,
with spin parallel or antiparallel to the spin of the nucleon,
* then the quarks naively coninbute

A3 = Au—+ Ad+ As

e and

2 =3AY + AG + (L)
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How to measure AX ? l

* Photoabsorphon: (lavours ignored)

* only qua.rks with opposite helicity can
absorb the polansed photon via spin-flip .
* # quarks i direction 01/2 —03/2
of nucleon

01/2 + 032

||‘ [ need polansed photons & nucleons J
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Pol. Deep Inclastic Scattering, l

9
—(k— k)2 2 apE sin? =
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H.€ ME
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Kinematics l
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Pol. DIS cross section l
cross sechon: 'EPt“"l spin lnu:leun
d?’r:f

o Y
— =L k.,q, WHY P.g.5
dzdydo Q42 ILLI.-"( q S) ( q )

leptonic tensor L py - kmematics (QED)

hadronic tensor 11/ ¥ : nucleon structure

P P. 1
Wh = _ (m”*‘— '3‘; )r (=,Q%) + (P“—q—;ff") (P“— q;q”) 7P Q?)

M(S - q)Ps
FP.q
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Structure Functions & PDF l

g Fl . FQ unpolarised structure functions: momentum distributions A
gl1: 42 polarised structure functions: spin distributions
. S/
QPM: Fh(z) = 2zF; Calan Gross relation
g = 0 twist-3 quark-gluon correlations
Fi@) =32 {af @+ @) = %geﬁmm)

1@ =353 @-; @} =T Fag@
I
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The First Moment of g, l

1
* first moment of g, |_]_ Z/{] '(}'1(&,"‘)‘:133

| |
2 LIS-JAFFE sum rule ® xg¥ (x) - "Spin Crisis”
0.1 * [ap tax EMC 1887

Jg‘;‘ (x') d’

1
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Sum Rules l

* with Aq = [ Aq(x)dz we get for the proton

1 4 1 1
p .. =J=a a W
= E{gﬂu-{— gﬂd-{— g&a}
= %lﬁ&u—&dl + %g&u—l—ﬂd—l&ﬁl 4 %£&1;.+&d—[-—ﬂ.$1
a3 ‘v@ﬂ-s {0
~
p,n _ 1 ke 1
'y =15 ( +az + \/5{18) + 90 A%
Neutron decay Hyperon decay
a, = g, (3F-D)i3

L 4 - o
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Sum Rules l

_ if wrong = QCD wrong,
Bjorken [rlf 2 rri' — %ga } “worthless equation”, needs

suUm rule
neutron measurement
PR 148 (1966) 1467

: 1 5
Ellis-Jaff o= ! o
(1= Lo + 2V | [ ax~os]
PR DI (1974) 1444 S \
formulated for As=0, + 1&5

unpolarised strange guarks

Consequences of violation: E.W ' ”r

LIS-JAFFE sum rule ® = x)
- 1,10
0.1 w [l s
i I |_ |. L adln ]

As = —-0.194+0.06 L i\
-:--—-I——!“_'? | p N
AY = Q124017 o o —
EMC 1987
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Where 1s the proton spin? l

2 =LAT + AG+ (L)
small unknown (unknown)-

next challenge
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Bjorken Sum Rule l

g > » Need proton AND neutron data
Wo =0 LgV/c = neutron targets: deuteron, “He

Ellis-Jaffe

0 Q.4

Bjorken Sum Rule verified to about 10 %
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Spin Experiments are puzzling l

Wolfgang Pauli and Niels Bohr, 1955

wondering about a tippe top toy
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Cross Section Asymmetries

Lunpolarised: dz dy de = _fijﬁ_ {EFI T ’-L:'"_U (1 — —;1—) FE}
L
S | Fhje 4 vy P\ v
longitudinally polarised nuclean: p=01T m — Ej = 2 T a g1 — Er':f g2
. d3A o _ 402 i '/l | y2~2 (y i )
transversely polarised nucleon; p=4TT/2 da dy dg =" 02 r‘v Y a 2.!1 492
Spin Plane \\
/ Measure asymmeiries:
f Aue = ek
."I'JI = 4‘1||(3-‘-in E) = 4 5= %-
5 ) Ao Hy o —o(m Ly
lepton N 4 A (z, {2‘?; E) = _J‘ E & (¥) ( #)

= o cosy oa(e)+olrmtyp)
K \l\\_ /

Scattering Plane
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Experimental Essentials l

* up to now only fixed-target pol. DIS expenments
* need polansed targets and beams

* need detechon of scattered lepton, energy, direction,

1dentification

* need to know energy and direction of incoming lepton

— detection or given by machine

gets grid of normalisation, measurable asymmetries sometimes very small

— need excellent control of fake asymmetiries, e.g. time variations of
detector efliciencies
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Experiment Essentials l

» Beams & targets:
Tynin (1 GeV?)

target beam pol
= SLAC 48 GeV, solid/gas e, pol. source 0.01
= DESY 28 GeV, gas 1nternal e, Sokolov-Ternov  0.02
= CERN 200 GeV, solid I, pion decay 0.0025

» fake asymmetries:
* rapid vanation of beam polarisation (SLAC)
» rapid vanation of target polarisation (HERMES)

= simultaneous measurement of two oppositely polarised targets 11 same

beam (CERN)

G, Wallot/CERIY Spin Sumrmer School, BNL, 2004



Measurable asymmetrics l

Ameas = PP, fA

P,, P, beam and target polansations,
f target dilution factor = polansable N/total N

note: linear 1n error: /=1/2 => requures 4 tuimes statishics

~ ﬂF ~ AHFQ

1 huge nse of ¥/2x at small x
D i 2

g1

D depolansahon factor, kinematcs, polarisation transfer from
polansed lepton to photon, D =y

Even big g 1 at small x means small asymmeines
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SLAC E155 Spectrometer
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E155 Target |

W i
Bl rgaisa NME AR
input out o
E

wANCY

. cryogenic target
%‘ 5LiD, NH,

1K evaporator fridge
2 T magnetic field
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HERMES

Target cell
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Hodoscopes

E/HCALZ
E/HCALL

Muon Wall 2,
MWPC

——  MWPC, Gems, Scifi,
W43 (not shown)

Muon Wall 1
Straws, Gems

: i Micromegas, SDC, Scifi
Scifi, Silicon Ba%; '
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Spectrometer 2002
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The CERN Muon Beam

COMPASS

Hadron

Kyt Absorber

| Muon beam polarization |

3
LE =
E

A

I“-g J I

e 3 il Energy 160 GeV " ,«vM

e Intensity  2.10%/spil L AT L L e L] |
re¥1 Polarisation = T76% | e
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Polarised target

« 11D

* + 50 % polansahon
* 50 % dilution factor
25T

* 50 mK
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Target system

+dipole magnet (0.5T)
| He — 4He dilution o f
refngerator (T~50mK)
Superconducting
solenoid (2.5T) COMPARE Acospimmoey

5 7
* !

Two &0 cm long target cells
with opposite polarisation

1t

=) Reconstructed

mteraction vertices
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Spin Crisis

=

Pol. DIS experiments

Lab Exp Year Energy | Beam | F, target P f result
SLAC ES0 75 |10-16 GeV | e~ |0.85| H-butanol | 0.50 | 0.13 | A}
SLAC E130 80 |16—23 GeV | e~ |0.81 | H-butanol | 0.58|0.15| A}
CERN EMC 35‘ - ut 10.79 NH3 0.78|0.16 | 4
CERN SMC 92 100 GeV | uT |0.81 0.40 | 0.19 gé
SLAC E142 92 |[19-26 GeV| e [0.39 0.35] 0.12-| ¢f
CERN SMC 93 190 GeV | uF [0.80] H-butanol | 0.86 [ 0.12 [ 47, 45 |
SLAC E143 93 | 10-29 GeV | ¢ NHx 070|015 g5
SLAC E143 93 |10-29 GeV | e~ |0.85 NDs 025|024 | 4
CERN| SMC 94/5 | 190 GeV | uT [0.80] D-butanol [ 0.50] 0.20 | 4, 49
SLAC E154 95 i e~ | 0.83 *He 0.38/0.18| g}
DESY | HERMES | 95 28 GeV | et [0.55 FHe 046|033 gf
CERN SMC 96 190 GeV | uT [0.80 NHz 089016 | g%
DESY | HERMES | 96/97 28 Gev| eT |0.55 H 0.88 ot
SLAC E155 97 48 GeV | e~ [0.81| NH 0.80 | 0.15| g}
SLAC E155 97 48 GeV | e~ | 0.81 i 0.22 036 | 4§
DESY | HERMES | 98-00 28 GeV | e 0.55 D 0.85 | 1.00 | g§, v§
SLAC E155X 99 |29/32 GeV| e |0.81 MNHz 0.70|0.16 | 4B
SLAC | E155X 99 | 29/32 GeV | ¢ 0.81 SLID |0.22|0.36 gé
DESY | HERMES | = 01 | 28 GeV | e*r |0.55 H 0.85] 1.00
CERN | COMPASS | > 01 nT (080 BN [0.50]0.40
BNL RHIC > 01 coll. | p P 1.00
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