Accessing Ag at the other
side of the Atlantic Ocean

Marco Stratmann

e Some remarks on ,,How well do we know Ag ?*

 Ag from photoproduction processes

e Other processes sensitive to Ag

* you will find out which side | have in mind
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How well do we know Ag ?

sometimes/often/always a controversial issue ...

pdfs with errors are now standard in the unpol.case

CTEQ, MRST

the definition of ,error” is art, science, and voodoo:

for the relevant fits. To quantitatively deline a change of v that characterizes a significant

change in the guality of the PDE bt is a difhceult issne i global QCD analyvsis. In the
~ 100 {for ~

context of the current analyvsis, we have arcued that an increase by Ay©
2000 data_points) represents roushlyv a 90% conlidence level uncertainty_on PDEFs due to

In other words, PDFs

the uncertainties of the current input experimental data [0, 13-15].
with v° — Vi gy = 100 are regarded as not tolerated by current data. This folerance will
quote from latest CTEQ paper
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Status of unpol. gluon
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unpol. gluon
largely unknown
for x>0.4

relevant for an
extraction of
Ag froma AQ/ g

measurement

have to improve
knowlegde of g(X)

3



Status of polarized gluon

- current knowledge — £*|, . ™

based on DIS data " ER )
f+*b . E‘i?é;‘; Tz
» first attempts to 1 ;ﬁé
. I T b1 ;
guantify errors on N Y @.J :
polarized pdfs . e
Blimlein, Bottcher, de Nardo; of . ;{i‘?
AAC: Leader, Sidorov, Stamenov ooz | ¥ Euz "‘?*"#;?‘
1™ 10 10" 10 X
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Some . direct” measurements

from proton-proton: from lepton-proton:

1
—

< C  =®2A,, from pp at =200 Gev

@& Proton

pﬁ_z>l_1(;ev
&z — O Dewlerom

01— & Run 4 (preliminary)
r ¥ Run 3

S i H}- GRSV-max
D = R I SR B
- P SMC

n ] s2|  Allevems ¥ pZ, >25GeV® W response > 826
'"'1__ Scaling efmror of ~65% P H EN I X
C BnoanchdelLl ‘ | ‘ ‘ o T
) 1 2 3 " 5 6 S
Py (GeVic) oz -

none of these results
has been used In o "

»global fits“ so far ! HIERMES

-0.4
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Avallable results

GRSV : all Agallowed by

positivity do a good job
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BB : full error analysis

0.8

0.6

¥AG(x) at QF = 4.0 GeV?

stat.

lerrors only
=

stimate of
Neo. errors

RHIC Spin Discussion

=== AQ can be also negative
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Avallable results (cont.)

AAC : sophisticated error LSS : latest analysis (2005)

analysis (Hessian method) Incl. stat. errors
2
| — AACO3 ol o T
L 2 7 .
-- GRSV S Q* =4 GeV xAG
il --- BB [ ——BB2 T

Ay® ~13 tolerated in fits
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Avallable results (summary)

e ,best fit“ gluons all
positive but small !

(consistent with sparse \

direct exp. evidence) 0s |

» use of negative gluons
seems perfectly legal in o f::;;;ii:?:i:?'fi‘iilil':ezi?i'—-a---5----"*"—"-«-u 2
estimates for RHIC ’

- gluon can have ,zeros* «sf " T— .
(not considered in fits) i0” 10° 0’ x
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A glgix)

Fixed target experiments:
competition or complementary information?

(taken from ,,Research Plan for RHIC Spin®)

fixed target limited to x=0.1 - 0.2
]

1
——  AAC2004 & | —— AAC2004
E BBC 1-r7 limit R BAC 1-o limit
o5 -~ GRSV std < g5 o GRSV std
e e, GRSY limit e GRSV limit

* HERMES di-hadrom—
SMC di-hadron

45— * COMPASS di-hadron )

_ v COMPASS didhadron |:I-'|'l:ll|i tion

— ® RHIC y projection 65 pb™ §t Js=200 GeV

A ® RHIC y projection 309 pb ) at [s=500 GeV

- = HERMES di-hadron

i SMC di-hadron |

45— * COMPASS di-hadron .
[ * COMPASS di-hadron projection
— ® RHIC Jet projectn. at Ys=500 GeV

" w i’ % 1 mn 1w’

1 X 1

X-range only accessible at RHIC
incr. difficult at RHIC J

(req. large-pT «<—large lumi.)

mmm) fixed target and collider measurements are largely complementary

05 Apr 2005 RHIC Spin Discussion 9



main topic today

Agfrom fixed-target experiments

process theory
DIS NLO Q°range not suff. to pin down A
_ DIS |LO considered as most promising
hadron pairs tool Bravar, v. Harrach, ...
Q2 ~ |_O (best control of hard scat. Kinematics)
_ DIS |LO
single hadrons
Q°~0 |NLO Jager, Vogelsang, MS
DIS |LO
heavy flavors -
Q" » NLO Bojak, MS
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Is pQCD reliable at low energies ?
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difficult to say; many examples where not
In general: large theor. (scale) uncertainties
resummations of thres. logs can be important

taken from Bojak

o
e often conflicting exp. results
J ISR —

1000 |
)
;
£ o
6 S
S = NAM/Z Subaid
;/, - —e—+ E&69] T ]I[c:]A' Gev
l,"lj_{:: —x— E687 (’87/88) — =16 GeV
100 L2 ' ' '
10 15 20 > 39
. . - .\1§ [(‘ﬁﬂ
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How to check the pQCD
framework ?

€asSyY: go for the w1 polarized cross section f1irst

RN

back to drawing board some confidence that
spin asymmetries make sense
resummations might help
go for it and extract Ag
IT everything fails: ask for
energy upgrade; leave the
country; ...
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Photoproduction: basics

example: high-p7 single-inclusive hadron production ép — HX at Q% ~ 0
sum of two contributions at Ofaa,) [LO]

A

elementary photon < photon resolves into partons

separation depends on factorization scheme

Aogir = Ao @ Af, @ DY Avyes = Ao @ Af, @ Af, @ DH
1) 1) 1)
Ofaa) Ofal) O()

“exg
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Photoproduction: basics (I1)

high-p7 processes — standard factorized “picture” for dAo g /res
Libby, Sterman; Ellis et 2l_; Amati et al_; Collins et al_; __ .
long-distance
from exp_; pu-dep: dAe/dn = 0 (pQCD)
1 1 1

digP—*X " " b —
e = N / dxq dry dze Af. (2a, pi1) _"aff. (Ep, prr) Do (ze, pgr)
dppdn ol - J prTo B 1
T
dAg™ " — , A n
» e : J:EPQ .« Ll .F;:l-.- P - ..'. e UL N T :' + L“:' | _l -
dppdn -0 I P
T T
short-distance power corrections
czlculable in pQCLE power series i exg neglected
¥ ) . .
. WL @ & - dAog;,: replace AfS — 6(1 — x,}
N\ R );D H h
_— £ f‘
[ & 'S - arbitrary scales y1, ¢+ - separate long- and short-dist. physics
VAR - truncated pQCD series: residual dependence on scales
.:.: t‘ X
r Ek — main motivation to compute NLO corrections
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Photon flux

lc F L] L] T

WW spectum (Q___ = [ GeV)

equivalent photon approximation:
Weizsacker, Williams

long. pol. electrons — circularly pol. photons

_[- pokt ) o [1 T €1 T y> ] 11mx€1 - y>
10} 1 AP ly) = 5 /
5 5 2% Y m2y?>
\ ] + mnon — log. terms
P I T R S B de Floriam, Frixione
& LA &4 L 68 y 1
consequences/complications:
- energy of “target” photon not fixed but smeared
“electron pdf’s” more appropriate: AfS — Afi{x,} = fl ’igAPﬂF{y)f fe (’; = ?‘)
- strong dilution of polarization for y—0
05 Apr 2005 RHIC Spin Discussion 15



Photonic parton densities: evolution

2_ - . LO: Irving, Newdand; Hassan, Pilling; Xu
ft=-evolution of Af.: known up to NLO HLO: Voo 145
L = Ak + (BREAL) s
inhom. part  homogeneous
¥ — i “hadron”-like
splitting contribution
well-known solution: ~ Afl = Afl |+ Afl o [of O(2) in LOJ
pointlike part: hadronic part:
- depends only on 1y - requires non-pert. input
.
- large x behavior - dominates at small-to-medium z

05 Apr 2005 RHIC Spin Discussion 16



Photonic parton densities: models

idea: use two extreme models to study physics potential of future facilities
Gluck, Vogelsang; Gluck, Vogelsang, MS

starting point: positivity o

- I II:--I_ I - I ' '
- AV [ [ e xAg'/o
[ Ao R
Af < fy @106V i o8
/ \ 02 -_ NLO (D]S_J ) g 0.6 -_ ;;" :;_ .
[13 rr - [13 = L L I LG iﬁ‘-‘ﬁ‘
max. nput min.” nput - T mn &
@1 - ‘miax.” mput Kl 04 = AN ]
) e _ P i N Ay ) i \
Af.(x) = 5 (x) Afix) =0 [ T S " X
£ 0z - SIS T A
/- | ,:[::f:rf “‘i
at the input scale g ~ 0.6 GeV 1 oF |
- pure VMD input at g5 - pointlike for all scales px s z T
16 1 x 1 10 I x I

models sufficient to study upper/lower bounds for spin asymmetries
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1-hadron production at COMPASS

work done in collaboration with: B. Jager, W. Vogelsang
parameters used: (,,deuteron” target)

energy: E,=160GeV — /S~18 GeV
polarization: P,=76% P, ~50% (and 50% target dilution)

acceptance: 70 mrad
photon flux: Q;,=05GeV 02<y<0.9

pdfs. CTEQ (unpol), GRSV (pol), KKP (fragmentation)
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1-hadron @ COMPASS (cont.)

dlfferentlal Cross section: scale dependence:
w0k ' d 4 o T T
g &)/ dp, [pb/ GeV] 3 w0 do/ dp, Ipb/ GeV1
a[ 10k
10° ? w2k no improvement
F —— NLO o b in scale depend.
167 - — E
2 3 1 |F
w0 [ = “’_Ii'
3 : 0k LO (x 0.01)
1 E 3 10'5;— (@)
3] I I | I I I I | I I I I
NLO corrections ] =
2f dAG / b/G
do /70t cancel in 3 o dAG /dpy [pb/GeV]
spin asymmetry ] 0 g
- ' F NLO better in pol. case
l 0 |
10
B 1o ﬁr LO (x0.01)
[ AAG%dAs™ ] wp ®
er .y T T T m'iz R B SN B
1 z 3 pr[ﬁe\;] 4 1 z 3 pI[Ge\-’]
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1-hadron @ COMPASS (cont.)

double-spin asymmetry:

a1

resolved/direct contributions

—_—
-
-

—

T, ——
dac_ /dAG T~

+ different partonic processes:
T T T T I T T T I T T T i j

L5 __

surprisingly large
resolved contribution

.1 1 1 1
1 2 3 n 4 N\ -
photon pdfs pr [GeV] ¢ - ,cancellation®
interfere with h " NS - ——-m — —® between direct
gluon extraction almost no dep. on model for photon pdfs - « T ®m ==/ processes
sensitivity to gluon polarization 2 o ~ L 4
1 1 I 1 1 I 1 1 1 1
1 2z 3
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1-hadron @ COMPASS (cont.)

»proton” target:
(target pol.: 85%; dilution: 17.6%)

spin asymmetry for sum of

charged hadrons:

03 |

0z |

—> very similar results
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o1 |

expect smaller "
stat. errors

o -

o1 L




1-hadron @ COMPASS (cont.)

Some results for future (?) 180 mrad acceptance:

C = LR | — T T T T T T
101;_ d(é)(?f de [pb f G.Je'sf] 4 i i | | |
E O ] - A?L (6= 180 mrad)
1030 A — 0, =180mrad | i ]
: \‘:‘\\ ———- 9 _~70mrad ]
1

_F
107 F

1%

E|

1 e 5
af
¢

2F

¢ E

I
|
/
- ,
'
)
| IR T L !
- # #
I
T T 1 T T T T T T

— — increased cross section but more

o - ST R ] interference with photon pdfs
1 1 1 1 | 1 1 1 L | 1 1 1 ’I — reduced SensitiVity to gluon
1 2 3 p[GeV] 4
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1-hadron production at HERMES

work done in collaboration with: B. Jager, W. Vogelsang

parameters used:

energy: E, ~=27.5GeV — JS~75GeV
polarization: P,=53% P, =P, ~85% (no dilution)

acceptance: 40mrad <0< 220 mrad
photon flux: Q?_ =0.01Gev 0.2<y<0.9

pdfs. CTEQ (unpol), GRSV (pol), KKP (fragmentation)
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1-hadron @ HERMES (cont.)

differential cross section: scale dependence:
E- Ty e
BN dA)G/dp, [pb/GeV]] dAG / dp., [pb/ GeV] j
107 . E 1o e
E L N : - large scale dependence;
" . — Nt0] 0 F only some improvement
YE \ 5 i ‘{ in NLO

MU\ - ] ik
10 SN E af
: N 1 1 F

?
1 ;— lmlari?eﬂx-\“ E 16 -2 _E ;
: af LO (x 0.61 ]
NLO corrections 4 U F (00D Ei
do ot cancel in -4f .
S 1 N . ] lﬂ E | ] | ] 1 1 I 1 1 1 1 I 1 1 1 1 I 3

pin asymmetry . - -

T ————f———— . 1 1.5 2 Py [Ge‘f] 25

+ :_ h‘h&‘—\“\ Eit"}:l(i dr_L-iZ _:
S 4 T even more important to have
n _____‘____‘_________ — - -
. :.‘._.:._....:_-.._I‘._...I......_I..._.I_.....:.......I_.._.I._....I....__.._.._.._....__.._...__ u n pOI ] ref. CrOSS SeCtIOn fl rSt

l 15 2 pr[Gev] 23 o
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1-hadron @ HERMES (cont.)

gouble-spin asymmetry:

ATP

L

a3 E

somewhat less
interference of
photon pdfs. here

oL

&

04
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resolved/direct contributions
+ different partonic processes:

T T j
05 |- dAG, / dAG )
I / much smaller
. _ /// reso_lved contribution
Rt ]
04 - ™ _ .
TS ~__ 8Ac_/dAG
0z |- Tt - =
@)
' ' ' | ' |
T T T I T I
- dAoy/dAc o -
| S o -
s — — I -—— =
---- W ——— an
e N
¢ == —_ =
b)
1 1 1 1




Summary on 1-hadron
photoproduction

® HERMES and in particular COMPASS have the
potential to obtain some information on Ag for x>0.1

® applicability of pQCD not guaranteed in region
of 1-2 GeV transverse momenta

® crucial to come up with unpolarized ,,benchmark®
Ccross section

® collider and fixed target experiments are largely
complementary
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2-hadron photoproduction

work in progress; with C. Hendlmeier, A.Schafer

pion(1) e so far only LO available

 NLO calculation much

more complex than for

1-hadron inclusive case;
calculation under way
ot : * better ,,control” over

il

neg. = 05T kinematiCS Of hard
scattering
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2-hadrons:

COMPASS:

az

ol

-2z

a3

0z

al
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HERMES.

0.6 T

6.4

I T T T T T T T
WH+hi-nd

ALL

L=200pb .
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/AFG

std. Ag

T

T | LI
' '
! i
i
' 1
'
' 1
'
' '
'
1
s i
'
\ i
'
|
1
l

[ (ﬁrﬁcl+resa[ved g

------ direct

0.4

\

std. Ag

5
T | LI

I L5

pA 25

Pra [GeV]
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W

some L O results
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2-hadrons: some LO results

COM

1000

LI T .
i 1 < F LA B L I B B B B BN B

w0 [ 0" dp | [pbiGeV] ] s E dAc/dAc,, E

- resolved suppressed ]

a00 |- s F due to 2nd frag.fct. E

L ]

290 |- — u I ]

i 05 “ ]
oL - dAc_/dAc,

as 3 -1 E | ] ]

..... e - _ 2E el L e

fF L Al dp, | [pb/GeV] e T e

1O ] 1 B dAc/dAG, C 9

2 ,267GeV ] : T ee

. Pra=tine 0s £ 3

Ul - N 0 E—'??.r-.ﬂ .

05 | ¥

r T withowt cut | g E ! ! ! L =,

[ 05 I 15 2 25 3

_40.: EEE— II_I — ,I7 ! ! ’I.( p]_‘_[ [Ge\[]
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PASS: scale dependence

subprocess contributions:

29



How to access the non-pert.
structure of the photon?

e resolved contribution can be large at fixed-target
energies but only pert. part (large x) probed

[ xAn"o t
3 QP 10GeV? 81 :
- Hi independent of
02 F —— NLOMIS,) /i - assumptions about
T Lo FIi non-pert. input
0l F mpui s 7]
= '
TS :
01 - i
Lol L]
107 w1

e for the non-pert. structure we need a polarized
collider like eRHIC
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