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-2 * Overview of nucleon spin decomposition:

— Theoretical i1deas:

* Naive quark model vs chiral soliton model

— Experimental status of the spin of the nucleon

* Gluons and strange quarks

— Other probes of nucleon spin:

* Nucleon-antinucleon annihilation, (anti-)A polarization

’ * Looking for new physics:

— Search for dark matter
— Spin effects at the LHC

 Discriminating supersymmetry from extra dimensions
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’”' Total quark spin (cf singlet axial charge a,)

- .\: . . .
- Net quark spin contributions Aq

.~ Net gluon spin
- Orbatal angular momentum




&  Models of Nucleon Structure

Mg ~ 300 MeV
Wave function QQQ

Sea of extra qgbar pairs
generated perturbatively

Usual SU(3) multiplets
Explains OZI rule

Proton spin = Sum of
valence quark spins

Sum of quark spins = %2

My p ~ few MeV,
Mg ~ 100 MeV

Intrinsic ggbar pairs in
nucleon wave function

Exotic SU(3) multiplets?
Evasions of OZI rule

momentum
Sum of quark spins =0




Proton spm sum rule

rSM — small sum of quark contributions to spin:
YSM — proton spin due to orbital angular momentum:
YSM — small gluon contribution to spin:

in simple extension of ySM to include gluons
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New COMPASS Data on g4
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s = # Interesting sensitivity

d evolved by fit with AG>0

evolved by fit with AG<=0
g evolved with LS5,GASV,.BB
QCD fit with AG=0

QCOD fit with AG<0
© QCDfitof LSS, GRSV, BB
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© HERMES (Q° <1 GeV?)
 HERMES (Q°>1 GeV?Y)

¢ E143

¢ E 155 (Q*-averaged by HERMES)
« SMC

= SMC (low x - low Q%) i '
~» COMPASS :

Improved measurements
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- particularly at large x
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Small quark contrlbutlon to nucleon spin:

OO 1N 20 (Q°=3 (GeV/e)?) = 0.35 + 0.03(stat.) + 0.05(syst.)
ao(Q* =5GeV?) = | R
— HERMES: [ty 1{thm ) & 0.025(exp.) =+ 0.028 (evol J&




HERMES, all 0°
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AG not large

GRSV-max
GRSV-std
GRASY-min
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@ Indications that AG cannot be larg
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& COMPASS: g% > 1 Gev®
* COMPASS: QF < 1 GeV?

T A sMC: Q% > 1 Gev?®

® COMPASS: Q° = | GeV®
* COMPASS: Q% < | Gev?

A SMC: Q% = 1 Gev?

AG

0.31+0.40

0.46+0.44

0.58+0.31

0.33+0.43

0.33+0.37

0.57+0.31

0.3940.54

0.314+0.43

0.5740.32

0.43+0.62

0.30+0.48

0.58+0.33
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Double longltudlnal polarization asymmetry ArL =
ate . s, e et 1Y

QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture.
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— DIS + x’ (Ag > 0) 08| — DIS+:n:ﬁ (Ag > 0)
-- DIS only ' ' - DIS+x (Ag<0)
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— DIS+x’ (Ag>0)
--- DIS+x’ (Ag <0)

AgX)/g(x)

-1.2
0.001

— DIS + =’ (Ag > 0)
-~ DIS + n” (Ag < 0)

COMPASS Q%<1 GeV?

0.01
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])1rect conﬁrmatlon that As < O‘?

Is AG a large fraction of the nucleon spin?

How large are the orbital angular momentum
components?

» Connections with other spin-dependent
~ observables?

— Proton-antiproton annihilation

— A polarization
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A polarization from A polarization from
fragmentation . fragmentation

iR = —O%EFP,. . P = T e
AT R N P S (prompt; N') = P{ “[prompt; N )

_|[""|‘|'| romub: N1=C,. - P..
Table 1: Spin comelation cosfficients in SUE) and Bl maodels A £ . WA

A's parent

‘ = 7T B PR n) =
vark -0.18 4,12 . .
s o |-oaz | -z | oaz | 1 _ e PR =
=" A5 | 0.07 0.05
- 0,05 | -0.18 | 0.07
. 5o | 5/ 5,/

SU(6): nonrelativistic SU(6) wave

functions

BJ: flavor SU(3) & polarized DIS data
~. for baryon octet:
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Figure 6: Our model predictions (model A - solid line, model B - dashed
line) for the spin transfer of A hyperons produced in et DIS interactions
off nuclei as functions of W2, Q2 zpj, Yy, rr and z (at zg > 0).
(E. =275 GeV) The pomts with error bars are from HERMES

Figure 5. Our model predictions (model A - solid line, model B - dashed
line) for polarization of A hyperons produced in v, charged current DIS
interactions off nuclei as functions of W2, 22, rg;, Ypj. vr and z (at
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We use Lund string fragmentation model 1ncorp0rated n
LEPTO 6.5.1 and JETSET 7.4

Order particles by ranks R, R,

We consider two extreme cases when polarization transfer 1s
nonzero:

— model A:

* the hyperon contains the stuck quark: R, =1

* the hyperon contains the remnant diquark: R, =
— model B:

» transter from struck quark if R, < Ry,

* transfer from remnant diquark it Ry, < R,

- 7 R g wowepe o JUE., Kotzinian, Naumov & Sapozhnikov |
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* Production off s, anti-s in nucleon dominate at large xp =
~» Particularly for anti-A production
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~* Domininated by s, anti-s polarization at large xp
 Particularly for anti-A polarization
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Predictions
i for A, anti-A
i Polarization
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- 5 o Overview of nucleon spin decomposition:

— Theoretical 1deas:
e Naive quark model vs chiral soliton model
— Experimental status of the spin of the nucleon
* Gluons and strange quarks
— Other probes of nucleon spin:

* Nucleon-antinucleon annihilation, (anti-)A polarization

-» Looking for new physics:

— Search for dark matter
— Spin effects at the LHC
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Open Questlons belond the

Standard Model

What 1S the orlgm of partlcle masses”?

due to a Higgs boson? + supersymmetry?

Why so many types of matter particles?
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GRAVITATION
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Astronomers say
that most of the
matter in the
Universe 1S
invisible

‘Supersymmetric’ particles ? ©

"- FI"'"‘-“I. [ o

We shall look for
them with the
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Deteel;mg Superq ,zm'netme
Dark Matter _

* .« Annihilation in core of Sun or Earth Sensitive L
3 to As

Scattering on nucleus in laboratory Sensitive
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Predictions in some susy models §
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DATA listed top to bottom on plot
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Proton Proton Colllde

" j:—;— '-—’ i =
7 TeV + 7 TeV
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o __ Origin of mass
4 | Nature of Dark Matter
- oPrimordial Plasma

P X “H *Matter vs Antlmatter 4
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: = Cryodipole overview
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= C0ld masses delivered —_ Cryndipoles assembled
= Cryodipoles cold tests passed = Cryodipoles assigned to position inring
—Cryodipoles prepared forinstallation —Cryodipoles installed

Accelerator to be completed in Summer 2007,
First collisions November 2007
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Magnets to be powered when temperature stable @ 1. 9K

4.5 K refrigerator supply

&PL ‘\}4 M"L temperature

(Dafore axpansion Faie)

Magnet temperature

1.8 K refrigeration unit supply
temperatura
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Start of complete
Lhe filling with
subatmospheric
operations

1 . . . .
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— 4.5 K refrigerator supply temperature — 1.8 K refrigeration unit cooling temperature
— Magnet temperature (average over sector)
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First pumpdown to 15 mbar in
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”' Sectors 7.8 and 8-1 will be fully commissioned
up to 7 TeV in 2006-2007. If we continue to
commission the other sectors up to 7 TeV, we

will not get circulating beam in 2007

L.
+ -

* The other sectors will be commissioned up to
: the field needed for de-Gaussing.

..+, ® Full commissioning up to 7 TeV will be done in
the winter 2008 shutdown
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Missing transverse energy

.- ¢ carried away by dark matter parti
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40— m (£/) spectrum
end-point : 109 GeV ‘

| | precision ~ 0.3%
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Spin EffeCtS in oy Shape of dilepton spectr1 &
Decay Chains (%
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Chain DCBA:

=

.- Scalar/Fermion/Vector

FaET .

0.2 0.4 0.6 0.8 | s

Se Distinguish supersymmetry ¢

. from other scenarios

-~ FSF5, FSFV
FVFS
-- SFVF

Angular asymmetry

in g-lepton spectrum

s &, AthanasioutLester+Smillie+Webber



. -—

{
¢

! ) --‘.'.}

Vllatmg Asymmetry n
Sparticle Decay
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o Look for lepton asymmetry in the decay eham
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Dissects what we think we know .

. and often finds surprises

* Nucleon spin

v2 * Delicate probe for new physics:
i

N

— New observables
— Suppresses backgrounds

— Enhances signals
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