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THE PROBLEM

EXPECT ag = Au+ Ad+ As ~ag = Au+ Ad—2As (OZI — Ellis-Jaffe S. R.)
GET ag = 0.58 £ 0.03 >> ag = 0.18 J_rgzﬁ

SOLUTIONS

e THE OCTET AXIAL CHANNEL IS SPECIAL BECAUSE OF

SU(3) SPIN STRUCTURE = POLARIZED STRANGENESS As
(SEA POLARIZATION, SKYRMIONS,. . .)

e THE SINGLET AXIAL CHANNEL IS SPECIAL BECAUSE OF THE
ANOMALY = POLARIZED GLUONS Ag

(SCHEME AND SCALE DEPENDENCE, INSTANTONS,. . .)



STRANGENESS IN THE NUCLEON
INDICATIONS OF SIZABLE NUCLEON STRANGENESS:

e THE SIGMA TERM:

(p|ss|p)
(p|luu+dd)

~ (.5 BUT LARGE UNCERTAINTY (100%%)

1
e UNPOLARIZED PDFS MOMENTUM FRACTIONS M, = fo xq;(x)dx:

MS—|—M§ ~ M3+M§ ~U
AEHE ~ 0.5 BUT g begr ~ 0.03




STRANGENESS IN THE NUCLEON
INDICATIONS OF SIZABLE NUCLEON STRANGENESS:

e THE SIGMA TERM:

(p|ss|p)
(p|luu+dd)

~ (.5 BUT LARGE UNCERTAINTY (100%%)

1
e UNPOLARIZED PDFS MOMENTUM FRACTIONS M; = [, xq;(x)da:

MS+M§ ~ M3+M§ ~U
AEHE ~ 0.5 BUT g begr ~ 0.03

MODELS OF THE NUCLEON

e LARGE INTRINSIC STRANGENESS FROM MESON CLOUDS
< OZI EVASION pp — Y@

¢ SKYRME MODEL: NUCLEON FROM MESON OCTET (w, K, ng) BUT
NO COUPLING TO 19 < As = —(Au = Ad)
(Brodsky, Ellis, Karliner, 1988)



THE AXIAL ANOMALY
SCALE DEPENDENCE OF THE AXIAL CHARGE

THE SINGLET ag, UNLIKE THE OCTET ag, IS SCALE DEPENDENT
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SCALE DEPENDENCE OF a( < NON—CONSERVATION OF jt (Axial Anomaly)

L xs



PERTURBATIVE RESULTS

1
SCALE DEPENDENCE OF a(y = SCALE DEPENDENCE OF [, dz Ag

d > d as [
_ —on: 2 [ dz A
2@ d1n (2 ( nf27r/0 . g)
=(a)ao(@%);  v(aw) =1Pal +9Pal + ..

1
o |, dxAg~ ai <= THE GLUON DOES NOT DECOUPLE AS Q% — oo

e CAN DEFINE A SCALE-INDEPENDENT QUARK (choice of factn. scheme)

f dr ) L (Agi + Ag:) — f dx Ag



PERTURBATIVE RESULTS

1
SCALE DEPENDENCE OF a(y = SCALE DEPENDENCE OF [, dz Ag

d > d a, [
_ o [ e A
dmoz (@) d1n Q2 ( nf27r/0 ‘ g)
=(a)ao(@%);  v(aw) =1Pal +9Pal + ..

1
o |, dxAg~ ai <= THE GLUON DOES NOT DECOUPLE AS Q% — oo

e CAN DEFINE A SCALE-INDEPENDENT QUARK (choice of factn. scheme)
f dx qu + AGi) — f dx Ag
IF Ag 1S LARGE & [ dz Ag ~ 0.5
— SCHEME DEPENDENCE OF Aq AS LARGE AS OZI VIOLATION

— NO OZI VIOLATION IN SCHEME WHERE ALL QUARKS fol (Ag; + Ag;)
SCALE INDEP. (Altarelli and Ross, 1988)



INSTANTONS?

e QCD VACUUM CAN CONTRIBUTE TO (j') DUE TO ANOMALY
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v
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INSTANTONS?

e QCD VACUUM CAN CONTRIBUTE TO (j') DUE TO ANOMALY
(48 = %e,uvpotrf A3z (A, (2)0,A5(Z) + A, (2)AL(Z)A,(Z)) + index

nonlocal index term required for gauge invariance
e TUNNELING BETWEEN VACUA < CREATION OF AXIAL CHARGE (&)

® INTLfZl, mq:OCASE
FULL SCREENING OF QUARK AXIAL CHARGE IN INSTANTON VACUUM

(alig1g) =0
(S.F., 1989, S.F. and Shuryak 1991)

IF SO, Ag SMALL, ag SMALL (ZERO?), As = As

can view instanton contribution as polarized quark sea
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DESIDERATA
WHAT WOULD WE LIKE TO KNOW?

e IS THE GLUON CONTRIBUTION “LARGE”? (w.r. to quark)
IF NOT, NO ANOMALY
= NEED DETERMINATION OF Ag

o IS THE SCALE-INVARIANT QUARK “SMALL"? (w.r. to octet)
IF NOT, NO INSTANTONS
= NEED DIRECT MEASUREMENT OF As + AS w.o. using SU(3)

e IS THE STRANGENESS “VALENCELIKE”?
IF NOT, NO SKYRMIONS
— NEED MEASUREMENT OF As — As
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UNPOLARIZED EXPERIENCE

KINEMATIC COVERAGE

HOW ARE PDFS DETERMINED?

GLOBAL FITS

OF UNPOLARIZED EXPERIMENTS

v, u FIXED TARG.; eTp COLL.

102,

10 ¢

H1

ZEUS

CDF/DO Inclusivejetsn<0.7
DO Inclusivejetsn<3

Fixed Target Experiments:
CCFR,NMC, BCDMS,

E665, SLAC

10

Q (GeVv)
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THE GLUON
DETERMINED BY SINGLET SCALING VIOLATIONS

d (O3
d1n Q2 - ég ) Vaa(N)E5 + 2175, (N)g(N, Q)] 4+ O(af)

Fo(N, Q%) = [ dw 2N~ Fa(z, Q2); i (N) = [ de N Pij(z, Q%)

F5(N,Q%) =




THE GLUON
DETERMINED BY SINGLET SCALING VIOLATIONS

d (0?2
d1n Q2 F3(N,Q%) = %7?) Vaa(N)F5 +21574(N)g(N, Q)] + O(a3)
F(N,Q%) = folda::cN_le(a?,QQ); vij (N) = foldxxN_lpij(x,QQ)

NEED LARGE LEVER ARM = ONLY REALLY KNOWN AFTER HERA

HERA F,

L x=6.32E-5 -0 000102

Xx=0.000161 4 ZEUSNLO QCD fit
I /% }=0000253 —— H1PDF 2000 fit
r y x=0.0004
.’;)ly 0000632 o H194-00 g ' ] 2 N
g x-0/0008 . HL(prel) 99100 - 99Gloun Distributionat Q" =10 GeV~ — EHLQ84
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W.K. Tung, 2004
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STRANGENESS

~* SCATTERING VS. W* SCATTERING:

IN NC, CHARGED LEPTON DIS, ONLY MEASURE COMBINATION ZZ. e,? (¢ + @)

e CANNOT DETERMINE STRANGENESS

e CAN ONLY DETERMINE C-EVEN COMBINATION g; + §;



STRANGENESS

~* SCATTERING VS. W* SCATTERING:

IN NC, CHARGED LEPTON DIS, ONLY MEASURE COMBINATION ) _ e,? (¢ + @)

e CANNOT DETERMINE STRANGENESS
e CAN ONLY DETERMINE C-EVEN COMBINATION g; + §;

IN NEUTRINO DIS, CAN DISENTANGLE INDIVIDUAL PDFS BY LINEAR
COMBINATION: AT LLO

N

(Flw_ +%F3W_) = u-+c; %(FIW+ —1F§’V+) =+
1 (F1W+ + %F?)VW) —d s %(Fl T %FBW_) =d s

c, ¢, s, 5 only present above charm threshold



R(x.Q)

STRANGENESS: TOTAL
NEUTRINO DATA

. M5+M§ ~U
PRESENT: ONLY Mot M. 0.5

REALLY KNOWN

15

" (s+sb)/(db+ub) at Q° = 10 GeV*

— EHLQ84 [T

— DuOwg4
— MoTu90
KMRS90
CTQ2M
MRSA95
— GRV%4
CTQ4M
— MRS981
C6.1M

— MRSTO01
— Alekhin
StrAsy

| | | N
4 5 6 .7.8

(Scaleislinearin Xus)

FUTURE: UNCERTAINTIES AT A
NEUTRINO FACTORY
(50 GEV MUONS)

Q*=9 GeV?




STRANGENESS: VALENCE
COMBINING INCLUSIVE AND EXCLUSIVE INFORMATION

STRANGENESS TAGGED FROM CHARM PRODUCTION: W™ +Ss —cC
easily tagged through dimuon signal, 2nd muon from subsequent c decay

W= ASYMMETRY < s — 5 ASYMMETRY RELEVANT FOR NUTEV ANOMALY



STRANGENESS: VALENCE
COMBINING INCLUSIVE AND EXCLUSIVE INFORMATION

STRANGENESS TAGGED FROM CHARM PRODUCTION: W™ +Ss —cC
easily tagged through dimuon signal, 2nd muon from subsequent c decay

W= ASYMMETRY < s — 5 ASYMMETRY RELEVANT FOR NUTEV ANOMALY

. fol(s(x) — 5(x))dz = 0 IN PROTON
= EITHER s(x) — §(x) ZERO, OR MUST CHANGE SIGN

e DIMUON DATA = [s(x) — 5(x)] < 0 FOR = < 0.05

e POSITIVE MOM. FRACTION s — 5 = 0.02 (CTEQ 2004)

s (x,Q) dx/dz
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0.01f

0
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strangeness asymmetry
X
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o 2

Strangeness Asymmetry ,//._\'\ Q*=10Gev®

004F

-0.06 =

—— BPZ "withccfr* 3
Ccfr-NuTeV =

. (scallle: Iipear Iin Z|: x|”3)|§

B

o~

XX

13

1.25

12

115

11

1.05

0.95

x? dimuon vs. inclusive

-0.2 0 0.2 04
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POLARIZED GLUE?
PROBLEMS:

e NO POLARIZED COLLIDER! LIMITED KINEMATIC COVERAGE IN Q2



POLARIZED GLUE?
PROBLEMS:

e NO POLARIZED COLLIDER! LIMITED KINEMATIC COVERAGE IN Q2

e GLUON DRIVES SCALING VIOLATIONS ONLY AT LOW x!
WHERE THERE ARE NO DATA...

20 T T T T I T T T T I T T T T I T T T T 20

7 qg _
s | | | s IA?/‘llg | |
d s (Q? .
danQFQ (N, Q%) = éﬂ ) Vg (N)ES + 2157, (N)g(N, Q)] + O(a2)
d SNQZ—%(QQ)A NG + 21 A0 (N)Ag(N, Q)] +0(a?
danle( y )_ 9 [ 'qu( )91"‘ ng ’qu( ) 9( ; )}—I— (ozs)



POLARIZED STRANGENESS?
PROBLEM:
NO POLARIZED NEUTRINO DATA!



POLARIZED STRANGENESS?
PROBLEM:
NO POLARIZED NEUTRINO DATA!

w
ddddd
-

Target — Calorimeter
(Iron - Scintillator — Drift Chamber)

Toroid
(Wuon Spectrometer)

The NUTEV target/spectrometer

CAN'T FIT TARGET INTO MAGNET!



SEMI-INCLUSIVE CHANNELS?

CAN DETERMINE PARTON CONTENT BY TAGGING FINAL STATE
HADRONS ]
E.G. IN SIDIS: v*p — 7+ + X = u/d, d/u; v*p — K* + X = 5/s, ETC.



SEMI-INCLUSIVE CHANNELS?

CAN DETERMINE PARTON CONTENT BY TAGGING FINAL STATE

HADRONS

E.G. IN SIDIS: v*p — 7+ + X = u/d, d/u; v*p — K* + X = 5/s, ETC.

PROBLEMS:

2 2 2 — ~ =
set X XDrg XSr1prs Suqy ody ou od s og o0

KRE 430.91 206.01 224.90 0.936 -0.344 -0.0487 -0.0545 -0.0508 0.680 0.284
NLO

KKP 436.17 205.66 230.51 0.700 -0.255 0.0866 -0.107 -0.0454 0.574 0.311

KRE 457.54 213.48 244.06 0.697 -0.248 -0.0136 -0.0432 -0.0415 0.121 0.252
LO

KKP 448.71 219.72 228.99 0.555 -0.188 0.0497 -0.0608 -0.0365 0.187 0.271

(De Florian, Navarro, Sassot, 2005)

e SENSITIVITY TO POORLY KNOWN FRAGMENTATION FCTN
A CHANGES SIGN WITH DIFFERENT FRAGMENTATION

e LARGE NLO CORRECTIONS
Au CHANGES BY FACTOR TWO FROM LO TO NLO



THE POLARIZED CASE: ARE WE THERE YET?

GLOBAL FIT WITH SIDIS DATA (De Florian, Navarro, Sassot 2005)

—KRENLO : , ©
260 [ ---KKPNLO T i

2
Xine

7 VH o A S S |

470

®

460

X &

430 [ e

0.5 | - 1 -0.9 -0.‘5‘ -0.1 0 - 1
du+d0 dd+dd 59

e LARGE TH. UNCERTAINTIES (FRAGMENTATION)

-1 X2+5%

I xe+2%

- x§+l

-1 X5+5%

X+2%

xén

0
AT, (Navarro, Sassot 2006)

465
460 — XDisa,)

o X9 AL

2
S (R ICE)
455 1
2
X
450}
a5}
440}
05 05 1 15

THE IMPACT OF THE PHENIX

X§+5%

l Xg+2%

x§+ 1



THE POLARIZED CASE: ARE WE THERE YET?

GLOBAL FIT WITH SIDIS DATA (De Florian, Navarro, Sassot 2005)

—KRENLO

460 [ ---KKPNLO

470

460

X i 3

2
Xinc

‘@

©

[ . 1 '

. F . .
‘: H ' H '

440 | R S— 1t
. .

430 [ e

(d)

®

0.5

du+d0 dd+dd 59

e LARGE TH. UNCERTAINTIES (FRAGMENTATION)

e UNKNOWN PARAMETRIZATION BIAS (E.G. POSITIVITY)

[

_AxXe+2%

B e

1 x2H5%

A xer2%

Yt

THE IMPACT OF THE PHENIX
0
AT, (Navarro, Sassot 2006)

465 —

) 1
— XOIs+A,)
2
e XI9 XA
2
S XA XS

l Xg+2%

-05

e FRRORS NOT PARABOLIC = ONE SIGMA ERROR BANDS FROM AX2 ~ 20



THE NUCLEON SPIN
WHAT HAVE WE LEARNT FROM GLOBAL FITS?

FIRST MOMENTS

e SINGLET AXIAL CHARGE:
ao(10 GEV?) = 0.18 £ 0.03 917 [ABF];



THE NUCLEON SPIN
WHAT HAVE WE LEARNT FROM GLOBAL FITS?

FIRST MOMENTS

e SINGLET AXIAL CHARGE:
ao(10 GEV?) = 0.18 £ 0.03 917 [ABF];

e GLUON:
Ag(1GeV?) = 0.8+ 0.2 4 0.8; [ABF]; = 0.419! [DNS];

e STRANGENESS:
AsM®(1GeV?) = —0.13 £ 0.02 £ 0.09; [ABF]; —0.10 = 0.06 [DNS]

[ABF]: ALTARELLI, BALL, S.F., RIDOLFI 98-01:

e STAT. ERRORS OBTAINED FROM ONE-SIGMA
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e MAIN SYSTEMATICS: SMALL x EXTRAP.,
FUNCTIONAL FORM

e SU(3) USED TO DETERMINE OCTET, 30%
VIOLATION ALLOWED;
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e ERRORS ESTIMATED FROM Ay? =
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e STRANGENESS DETERMINED DIRECTLY

(SU(3) NOT USED)

e GLUON INCLUDES PHENIX DATA



THE NUCLEON SPIN
WHAT HAVE WE LEARNT FROM GLOBAL FITS?

FIRST MOMENTS

e SINGLET AXIAL CHARGE:
ao(10 GEV?) = 0.18 £ 0.03 917 [ABF];

e GLUON:
Ag(1GeV?) = 0.8+ 0.2 4 0.8; [ABF]; = 0.415-! [DNS];
e STRANGENESS:
As™5(1GeV?) = —0.13 + 0.02 & 0.09; [ABF]; —0.10 £ 0.06 [DNS]

[ABF]: ALTARELLI, BALL, S.F., RIDOLFI 98-01:

e STAT. ERRORS OBTAINED FROM ONE-SIGMA
CONTOURS

[DNS]: DE FLORIAN, NAVARRO, SASSOT 05
e ERRORS ESTIMATED FROM Ay? —

0.02x2 . =~ 20
e MAIN SYSTEMATICS: SMALL x EXTRAP.,
FUNCTIONAL FORM e STRANGENESS DETERMINED DIRECTLY

(SU(3) NOT USED)

0)
e SU(3) USED TO DETERMINE OCTET, 30% e GLUON INCLUDES PHENIX DATA

VIOLATION ALLOWED;
e THEORETICAL ERRORS DOMINATE
e SEMI-INCLUSIVE DATA HAVE MODERATE IMPACT ON Ag, As
e SU(3) NOT TESTED YET

e NO INFORMATION OF As — As



INFORMATION FROM HIGH pr HADRONS

LKL A
0.8 2 Jaow,
L) - O HERMES, all @ -
r— - O SMC @"»1 (Geviz) ; -
(D 0.6F B coMFAsSS. Q%1 (Gevicy (0203 prelim)
<] [ L COMFASS, 0¥<1 (Gevic) (02-04,prelim)
0.4 A COMPASSE, open charm (02-0£,prelim) L
Ll #f’f’ 'T’ ) -
0.2 [ ;fff’" L
- LS
_____ e mrmmme=— T ——— e
-0 i_-_.—_‘.'__. ———————————————————————— TF -" i
0.2 [
e - — GRSV-max |
0.6 GRSV-std ’ ik
=().8 :2 el [ IR N I N B 1 | | |
107 107

e NLO CALCULATIONS NOT AVAILABLE
e DEPENDENCE ON MONTE CARLO

e DECONVOLUTION OF GLUON USING MEAN VALUES
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(NO) CONCLUSION ON NUCLEON SPIN YET

EXISTING RESULTS VERY HARD TO COMPARE:

SOME LO, sOME NLO: DIFFERENCE TYPICALLY 20%

18—

AG DEPENDS STRONGLY ON SCALE: e

1 L
AG Y s (Q2 ) N SO 1.2; 0,(Q*=1 GeV?)=0.4418

AG(2m,) ~ 2AG(1 GEV) : s

0.87\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\
Q* (Gev?)

UNCERTAINTIES DETERMINED WITH Ax? = 1 UP TO Ay? = 12

MANY TH. ERRORS DIFFICULT TO ESTIMATE /NOT INCLUDED



(NO) CONCLUSION ON NUCLEON SPIN YET

EXISTING RESULTS VERY HARD TO COMPARE:

e SOME LO, sOME NLO: DIFFERENCE TYPICALLY 20%

18—

e AG DEPENDS STRONGLY ON SCALE: e

1 L
AG Y s (Q2 ) N SO 1.2; 0,(Q*=1 GeV?)=0.4418

AG(2m,) ~ 2AG(1 GEV) : s

L L l L L L ‘ L L L ‘ L L L ‘ L L L ‘ L L L ‘ L L L l L
08— 4 6 8 10 12 14

Q* (Gev?)

e UNCERTAINTIES DETERMINED WITH Ay? = 1 UP TO Ay? = 12

e MANY TH. ERRORS DIFFICULT TO ESTIMATE /NOT INCLUDED

AG PROBABLY POSITIVE BUT PERHAPS SMALL (%) as(Q*)AG < AL,

PERHAPS ZERO
As PROBABLY NEGATIVE, MAYBE SMALL
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HADRONIC CHANNELS



HADRONIC CHANNELS
UNPOLARIZED GLOBAL FITS

DRELL-YAN
— @ d Qu ASYMMETRY DATA IN CTEQ5 PARTON FIT
N ! s neracon
W= PRODUCTION ol v © Wasymmery -
= u/d QUARK ASYMMETRY F TR o Drecty :
= I s O
PR Y T
DIRECT ~ = GLUON o ARREIIIITTe
10t | ANAAAAA AAAARAA =
(IMPACT NEGLIGIBLE W.R. TO f IR AN
B
DIS) & g g 28 584 §§§§§§§§§§§§Ag
B8 6 B8 oA AL ARARARARARALY
LARGE E7 JETS W e 107 107 o*

= LARGE 2 GLUON X



Ratio (x,Q)

HOW WELL DOES IT WORK?
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WHAT DO WE EXPECT?

GOOD NEWS

e CAN DETERMINE Au, Ad, Au, Au
TO A FEW PERCENT ACCURACY
from W= production

RESULTS

° f (AS -+ AE) dx
COMBINING LIGHT QUARKS WITH ag FROM DIS

1.0 —— |
" RHIC pp Vs =500 GeV
- JL dt=800pb?t ]
e A (W)
05 s
O u |
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from direct v, jets, single inclusive hadrons
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CAN DETERMINE Au, Ad, Au, Au | N
TO A FEW PERCENT ACCURACY el A " Add
from W# production Q=M / N
CAN DETERMINE Ag o
AT MANY INDIVIDUAL z VALUES e
. . . . . 10 10 X
from direct v, jets, single inclusive hadrons
RESULTS Q 1 [ o STARat RHIC direct photon + jet 320 pb™ at Vs = 200 GeV
Qo
[(As + AS3) dx
COMBINING LIGHT QUARKS WITH ag FROM DIS % %
0_4:_ 000 000 0 00
[ Agdx COMBINING Ag(x) WITH SCAL VLNS. .
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WITHOUT NEUTRINO DIS T

NEED A GLOBAL FIT!



CAN WE TRUST GLOBAL FITS?

PARTON SETS DO NOT AGREE WITHIN RESPECTIVE ERRORS!

W PRODUCTION CROSS-SECTION

TEVATRON
PDF SET XSEC [NB] PDF UNCERTAINTY
ALEKHIN 2.73 + 0.05 (TOT)
MRST2002 2.59 + 0.03 (EXPT)
CTEQG6 2.54 + 0.10 (ExpT)
THORNE 2003

e ALEKHIN VS. MRST/CTEQ
— W PRODUCTION XSECT AT
TEVATRON DO NOT AGREE
WITHIN RESPECTIVE ERRORS



CAN WE TRUST GLOBAL FITS?

PARTON SETS DO NOT AGREE WITHIN RESPECTIVE ERRORS!

VW PRODUCTION CROSS-SECTION HI1GGS PRODUCTION AT LHC

TEVATRON : : : :
PDF SET XSEC [NB] PDF UNCERTAINTY | 4 -
ALEKHIN 2.73 + 0.05 (TOT)
MRST2002 2.59 + 0.03 (EXPT)
CTEQG6 2.54 + 0.10 (ExpT)
THORNE 2003 2 -
e ALEKHIN VS. MRST/CTEQ

— W PRODUCTION XSECT AT
TEVATRON DO NOT AGREE
WITHIN RESPECTIVE ERRORS

CTEQ
e ALEKHIN vS. MRST/CTEQ Alekhin
— PREDICTIONS FOR ASSO- 0.5 o (pp — HW) [pb]
IATE HI PRODUCTION
; Gas 1 PRODUCTIO Vs =14 TeV

LHC DO NOT AGREE WITHIN
RESPECTIVE ERRORS

0.3

100 120 140 160
MH [GGV]

DJouADI AND FERRAG, 2004



INCOMPATIBLE DATA?

GLOBAL X2 MINIMUM MAY NOT
CORRESPOND TO LOCAL MINIMA
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GLOBAL X2 MINIMUM MAY NOT
CORRESPOND TO LOCAL MINIMA
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ALEKHIN 2005
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PARAMETRIZATION BIAS?

14 F fPDF(IaQQ)
Q?* = (100 GeV)?

MRST/CTEQ
12k
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RESULTS
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T

THE W XSECT. AGAIN. .

0.1 1

PDF UNCERTAINTY

PDF SET COMMENT | XSEC [NB]

ALEKHIN TEVATRON 2.73 + 0.05 (TOoT)
MRST2002 | TEVATRON 2.59 + 0.03 (EXPT)
CTEQG6 TEVATRON 2.54 + 0.10 (EXPT)
ALEKHIN LHC 215 + 6 (TOT)
MRST2002 | LHC 204 + 4 (EXPT)
CTEQ6 LHC 205 + 8 (EXPT)




PARAMETRIZATION BIAS?

14 F fPDF(xaQQ)
Q?* = (100 GeV)?

MRST/CTEQ
12k

0.6

LENLE I LI B L | T

i 1 il 1 1l 1

le-05 0.0001 0.001 0.01
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= SIMILAR
RESULTS

1
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14| feor(z, Q%)

Q2 = (100 GeV)?
Alekhin/CTEQ

1.2
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le-05 0.0001 0.001 0.01

T

THE W XSECT. AGAIN. .

0.1 1

MRST & CTEQ
— SIMILAR PARTONS

s jouadi and Ferrag 2003

PDF SET COMMENT | XSEC [NB] PDF UNCERTAINTY
ALEKHIN TEVATRON 2.73 + 0.05 (TOoT)
MRST2002 | TEVATRON 2.59 + 0.03 (EXPT)
CTEQG6 TEVATRON 2.54 + 0.10 (EXPT)
ALEKHIN LHC 215 + 6 (TOT)
MRST2002 | LHC 204 + 4 (EXPT)
CTEQ6 LHC 205 + 8 (EXPT)

We do not seem to have the optimum parameterization for both finding the best fit and also

investigating fluctuations about this best fit (...) This might then influence our error
analysis...(MRST 2004)



SOLUTIONS: CTEQ TOLERANCE CRITERION

SINGLE OUT INCONSISTENT DATA
e HOW MANY PARAMETERS ARE SIGNIFICANTLY DETERMINED BY EACH DATASET?

e HOW CONSISTENT ARE THE DATA FROM ONE SET WITH THE REST?

STUDY MINIMUM ALLOWED X?
FOR 1-TH EXP. AS
GLOBAL X2 ALLOWED TO INCREASE

] e e — 4 —
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Axfot
Collins, Pumplin 2001

CCFR, BCDMS
INCOMPATIBLE WITH THE REST



SOLUTIONS: CTEQ TOLERANCE CRITERION

SINGLE OUT INCONSISTENT DATA
e HOW MANY PARAMETERS ARE SIGNIFICANTLY DETERMINED BY EACH DATASET?

e HOW CONSISTENT ARE THE DATA FROM ONE SET WITH THE REST?

STUDY MINIMUM ALLOWED X? OPTIONS
FOR 2-TH EXP. AS
2 . . . .
GLOBAL X~ ALLOWED TO INCREASE e discard incompatible experiments
0 T
I I I I I ]
E\‘ _____ L ] e reweight individual contributions
N— -
10“\}{\&..,, D 3 I e INCORPORATE IN ERROR,
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SOLUTIONS: CTEQ TOLERANCE CRITERION

SINGLE OUT INCONSISTENT DATA
e HOW MANY PARAMETERS ARE SIGNIFICANTLY DETERMINED BY EACH DATASET?

e HOW CONSISTENT ARE THE DATA FROM ONE SET WITH THE REST?
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. OPTIONS
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2
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SOLUTIONS: ERROR RESCALING

HOW CAN DATA FROM INCONSISTENT SETS BE INCLUDED?
ASSUME INCONSISTENCY DUE TO UNDERESTIMATED (SYST.) ERROR:

without rescaling with rescaling
250 250

X°/NDP=1.15 - X2 /NDP=0.96
225 [ 225 |

200 [ 200 |

175 f 175 f
150 f 150 f
125 f 125 f
100 f 100 f
75 f 75 f
s0 | s0 |

25 | 25 |

For the experiments with y? > 1 the statistical errors in data were
rescaled in order to get x? =1

ALEKHIN 2005 (PRELIM.)



THE FUTURE?

THE NEURAL MONTE CARLO APPROACH (S.F., GARRIDO, LATORRE, PICCIONE 2002)

BASIC IDEA: USE NEURAL NETWORKS AS UNIVERSAL UNBIASED INTERPOLANTS

Experimental data
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THE FUTURE?

THE NEURAL MONTE CARLO APPROACH (S.F., GARRIDO, LATORRE, PICCIONE 2002)

BASIC IDEA: USE NEURAL NETWORKS AS UNIVERSAL UNBIASED INTERPOLANTS

e GENERATE A SET OF MONTE CARLO
REPLICAS o™ (p;) OF THE ORIGINAL

DATASET ¢ (42t (p,)
= REPRESENTATION OF Plo(p;)] AT

DISCRETE SET OF POINTS p; — e
e TRAIN A NEURAL NET FOR EACH PDF ON | scmintsons e

EACH REPLICA

— NEURAL REPRESENTATION OF THE

pDFs f"¢") (%) -

e THE SET OF NEURAL NETS IS A REP-
RESENTATION OF THE PROBABILITY ’ g
DENSITY

Experimental data
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NEURAL HANDLING OF INCOMPATIBLE DATA
SOME NMC DATA ARE INCOMPATIBLE WITH OTHER DATA

Blow-up of proton data/nets NMC proton data/nets
F (x, @) F (. Q)
1.65 1651
. 16F
' SRR l l
- [ ] | ? | ]
- ® I m = B
1.55— LA Y 54 ;}-i %‘i 155 1 T ‘ L - ..+ 3 Lo
- ? % }‘. I~ 1 L4 o
% I = § I Y
- 1 1 ¢ ¢ B 1
15— . 15 [ozsa<o20
= 0.26<x<0.29 ® NMC, 90 GeV
NMC B NMC, 120 GeV
Lasf | = scows Ll |3 e l
i ® NNPDF02 C o NNPDF02 l
14— : e 145 —
10
10 0 Q

NEURAL NET DISCARDS INCONSISTENT DATA & PROVIDES GOOD FIT TO THE
REST



NEURAL HANDLING OF INCOMPATIBLE DATA
SOME NMC DATA ARE INCOMPATIBLE WITH OTHER DATA

1.65

155}

1451

1.4

Blow-up of proton data/nets

1.6

150

0.26<x<0.29
NMC
= BCDMS
® NNPDF02

1.65

1,55

1.45F

1.4

NMC proton data/nets

16F

150

0.26<x<0.29
® NMC, 90 GeV
NMC, 120 GeV
NMC, 200 GeV
m NMC, 280 GeV
o NNPDF02

NEURAL NET DISCARDS INCONSISTENT DATA & PROVIDES GOOD FIT TO THE
REST

e NEURAL NET IS REDUNDANT
e SMOOTHNESS DECREASES DURING THE FIT

e STOPPING CRITERION: (NOT MINIMUM Y?)
DIVIDE DATA IN TWO SETS, USE ONE SET FOR FITTING, STOP FIT WHEN FIT
TO OTHER SET STARTS DETERIORATING



NEURAL PARTONS:

THE NONSINGLET CASE
the NNPDF collaboration: L. Del Debbio, S.F. J. Latorre, A. Piccione, J. Rojo
FULL NLO, NNLO FITS TO ALL AVAILABLE DATA

F° (X, Q%)
0.1

11 GeV< Q? <12 GeV?
|:| NNPDF
[ Atekninoz

0.08 |:| CTEQ®6.1
- MRST 2002

® Data
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NEURAL PARTONS:

THE NONSINGLET CASE
the NNPDF collaboration: L. Del Debbio, S.F. J. Latorre, A. Piccione, J. Rojo
FULL NLO, NNLO FITS TO ALL AVAILABLE DATA

P> (x, @)
0.1

11 GeV< Q? <12 GeV?
|:| NNPDF
[ Atekninoz

0.08
- MRST 2002

® Data

[ Jcreqea
0.06 |
|

0.04

0.02

107 10? 1

e FITS WITH FIXED FUNCTIONAL FORM SUBSTANTIALLY UNDERESTIMATE
ERROR (ESPECIALLY ON EXTRAPOLATION)

e NO EVIDENCE FOR “WELL-KNOWN” SMALL x RISE OF NONSINGLET



CONCLUSION

IN SPIN PHYSICS,

ONE HAS TO BE VERY CLEVER
TO GET AN ANSWER



