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HERA: e*/e” (27GeV) - proton collider

pure nuclear-polarized atomic gas, flipped at 90s time intervals
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Reconstruction: Ap/p < 2%, AB < 1 mrad

unpol: H,,D,,He,N,Ne,Kr, Xe ~ Hé,H, D, H!

TRD, Preshower, Calorimeter
—— 007 - Cherenkov1998a == ===
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combining signals from:

TRD, calorimeter, preshower, RICH

Dual radiator RICH for &, K, p

TOP RICH

P.Liebing / E.C. Aschenauer
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@ Open Charm production
—3 HERMES +/s=7.2GeV
=) too low count rates

@ high p; hadrons or pairs of hadrons
—) e+ poe+h’ +X
—3 e+poh’"+X
—» e+ p—>hh+X
=) ¢go to low Q2 =) increase statistics
=) scale of hard sub-processes f)tz

@ Data on tape:
polarized proton data 50pb1
polarized deuterium data 140pb1

P.Liebing / E.C. Aschenauer 5




@ Double spin asymmetries for high p; hadrons and pair of hadrons

@ A theoretical model describing
==) all underlying sub-processes
=) fragmentation

=) two possibilities:
=) QCD calculation a la
B. Jaeger, M. Stratmann, W. Vogelsang hep-ph/0505157

Advantage: can be done to order .2
Disadvantage: to include detector effects (acceptance,..)
difficult
=) Monte Carlo simulation (PYTHIA-6)
Advantage: detector effects can easily be included

Disadvantage: max. order o’
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@@ Inclusive hadron double spin asymmetries:
1 NjL-N, LU
) <PBPT> N::L3 + Nth2
B 2 kinematical regions:
—) “Photo-production”: anti-tagging of scattered lepton

@ Event kinematics unknown
© p; Vs beam-axis

=P “Transition region”: tagging of scattered lepton
@ p, defined relative to virtual photon direction

@ Q%> 0.1 GeV?

@ high p; pairs of hadrons
=) “Photo-production” + “Transition region”:

@ p; VS beam-axis
@ Event kinematics unknown; only 10% events have e’
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The Asymmetries (,Photo-production")




J Blue: Proton data
* Red: Deuteron data
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« All hadrons

<« Pions

<« Kaons

» At p>1GeV: Q%~ 1.5 GeV?, x ~ 0.05
» A relatively flat in p,
» Follows average behavior in SIDIS
» Small difference of positive and negative h

» Statistics at p,>1 GeV limited
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» A relatively flat in Xp,?
% Proton asym. > 0 for all Zp,?

% Deuteron asym. < 0 for Xp,? > 2 GeV

» Statistics at Zp,* > 2 GeV limited
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4 Mix processes with different photon characteristics

direct

b
QcD-
Elastic, diffractive, Compton
® Small ﬁmwmﬂﬁ%malous (=,,resolvedQ @hStor? dominate e’
) Large(dﬂ"lﬁ #8mindtesDIS processes NI
@ Choicé o‘ﬁ?ér rocess deibrding to hardest scale involved: —q

® If 2l SPE RS oo smallphetftisyMD (diffractive or ,low-pT*) g k,
q

@ The ,regelved)’ part is modeled to match the world data on cfy )p, ¢

processes p =
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@ Intrinsic ky~ 0.4 GeV
@ p; from fragmentation =~ 0.35 GeV
® Q2 small

Fp"TFrag = expect contribution from

VMD processes

K T @ Small scales (O(1 GeV?))
\ — Important:
non-perturbative contributions,
NLO corrections

@ Fraction of hard gluon initiated
processes small

= large background
@ All effects are folded with acceptance

Measured p; 1-2 GeV
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& Check PYTHIA VMD model to exclusive p° production
=) In “Transition” region as full kinematics known; Q2 > 0.1GeV?2

@ Default PYTHIA: G(PYTHIA) ~ 6*G(HERMES)

@ Changes:
@ The Q? slope of the total (resolved) Y*p-cross section of world data

m
2 M 2
o)
(?) = A m=2—>26
o(Q*=0) |(M?+Q?) E
) ) D:r%i'l a Fit to data with 4=W<=7 GeV
© The parametrisation of 16 Fit fo data with Wo7 G&V
14 PYTHIA default
@ The y-VM couplings z ood2— _
=z 0.035 § v .
N . S oopg 4% 1 e,
@ The angular distribution of the p decay e ENL SR
products obOé%E I P
do . 0.005 é. o
*(Q2>O)~ AsinO+ BcosO O T R A R I T
do -1 -0.5 0 Q%5Eeva) L
cos(0) (rad)
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@ The exclusive p? cross section data-MC agrees now within 10%
@ Diffractive contribution ~10%

. | o 16
Q2 E S ]
= 7 Y 14 ] Pythio—6 unpol P
© 6 g ]
4 1]
i 0.8
2 ]
14 2000 unpol P—Data 0.6
{1 0.6 <Mr'n7) <0.95 |
O - ‘ T T 1 1 ‘ L ‘ T 1 T T ‘ T T 1 1 ‘ 0_4 ‘ L ‘ T 1 T 1 ‘ L ‘ T 1 T 1 ‘
0 2.5 5 7.5 10 0 2.5 5 7.5 10
AE (GeV) AE (GeV)
9 164 AE < 1.0 GeV o 167
o B
= L 14
® 2
[a]
©

L B 04 | T T [ T T

007.4‘ ‘ ‘0.‘6‘ ‘ ‘0‘.8‘ ‘ 1 0.4 0.6 ‘0.‘8‘ B ‘1 |
M(r') (GeV) M(r') (GeV)
@ The PYTHIA p° cross section also matches the “photo-production”

data well
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Fragmentation-Purities

u| [df [u] [d] (4] [4-F]




. . ol et Target: Target: e
@ Exclusive VM production Wk et P O O
: : Dechomra Desum O 080<2<G75 3 5~
different process than SIDIS ol o LA E -
. . . . O e -, A 4
B estimate the contribution from 2 EHHR R A et et e o
Pythia-6 L P
= 04 ; wo w - j: 0.4
o ae d z ¥ " . e S 4%
@ 7 large contribution at highz | & o ;k:’m e Lt e o
K: moderate contribution vs. z | oo . ; ﬁ* E o
. SO U O O O ’ tam_s
. . A . g © % % T Y g
@ 7/K: contribution growing with == + .. w0 Y i’ N
. (D:JH_H}HH‘HHH‘HHH}H{H‘{HH‘}H}‘HH}‘MH{MHE(D
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o BRI S b
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g
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Experimental Multiplicities




@ Implement QED radiative corrections into PYTHIA using RADGEN
i Cross section for “Transition” region Q2> 0.1GeV?

==) green curve relevant one

. o 07 < 807

=) Agreement in < 20% 3 £ ]
. . SE SE
@ How are things looking vs p,? 2 %
== three critical variables i i

@ intrinsic k; of parton in o
photon or nucleon R ep—> em : ep—> e
B SR SR SRR T E e 4
Q° (GeV?) Q° (GeV?)

(PARP 91 / 99)

@ py from fragmentation
(PARJ 21) g ;
SQ E
E‘? :
i, o -
,40_: _40_:
ep—>enmtx 1 ep—>em X
60 T LA T 60 T T ™
02 04 0.6 0.8 1 02 0.4 0.6 0.8 1
Z
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@ HERMES standard values: p, = 0.38GeV
==p M. Anselmino et al. Phys. Rev. D71,074006
(p?)=0.20GeV* +20%
@ Cross section for “Transition” region Q2> 0.1GeV?

4 - -
2000 unpel P~

Data bM Gpth
w
(6)]
|
(7
L

|l aSTHENPSSISEection
A\ cirle] Dziez) o) zle)fge
1GeV 7

--------
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@ Process fractions for “Transition” region Q2> 0.1GeV?:

=) p; > 1GeV: (o, ') process start dominating

l 8'2 1 ¢ lowp, LODIS
0'75 ® hard VMD (q) 1 QCDC
0.6; . 2la./diff. VMD PGF+hard gluon
0.5 _
0a| N
0.3 =
- e e0000-
02400000, ooo. 4| 0. -
01 sannm O 8- Bl aaa g
|ahABAE & 4 g} mmﬁa ¢ 85
O \\\\‘\\\\‘\\\\‘\\\‘\\\\\‘\\\\‘\\\\‘\\\\‘\
0O 05 1 15 20 05 1 15 2

prem (GeV)

=) what about (a..?) corrections 2??
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d(A) / dp,

[pb / GeV]

NLO Corrections




@ Cross section vs pt in “Photo-production”:

—

o

8 B ® Data

o
. o Pythia, mEc k-Factor W °
ﬁg O Pythia, 20 -

=}
IIIIII| HIIIIII' |I“?IIIII‘ I_I‘IIIII‘
Om

]

C

do/dp, (Ub/GeV)

=
IIII -Ihl

o

— —
o o

@ o oa o m n

1 IIIIIII| 1 IIIIIII 1 IIIIII| LIl

185+

¢(Data)/c(Pythia)
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The Method




@ PYTHIA itself gives only unpolarized xsec
@ Calculate asymmetry weight for each event

i h_iNh(pt) ) AAf(XQ)
A“(lot)—Nh Zl:a( Q2 pt,)f( Q)

@ Takes kinematical dlstrlbutlon into account

@® Asymmetries of hard proces‘éﬁe(éwl)m&m(X»

— - __ fd A N V7

@ Correlation of p;and I',
@ Assume sometl 1@78

@ PoldiiZatidn Bfcibess
Averageihsybrprsition“ ré‘gﬁﬁjh;z
®Asyminatryof, o

-0.2 { 08 T = ‘/a ; ‘I‘ ‘I‘ ;I‘ - ‘I‘ ‘I‘ 1 T 1 T 1 ‘I : : ‘I‘ 1 1 T 1
for QCD 2—2 processes Y I R ! 5 105 ™ 015 P 1|
(hard VMD- und 06, p;(h) (GeV) p.(h) (GeV) p.em (GeV)
anomalous photon R IR e )
- T T ‘ T 177 ‘ T 17 ‘ T T ‘
processes) 0 0.5 1 15 2
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Asymmetries vs. p; in

BB e e Lt ,,Photo-production” region

,» 1ransition® region

= 035 — - (small_p,)
il GisE 1 — AjowpTog,
S0 25; M1-low p; as DIS (g,) 005 --- A1|°W'I0T:O
=— [ ] M2-low p; as dilution 1 "% g,P/F P
< 0.2 - d/F p
* Data 0.025 ¢ AR
0.15 S ) : . Data e
0.1- i )
0.05 {
0; ‘\\\‘\\\‘\\\‘\\\‘\\\

\\\\\\‘ \\\\\\‘ L
-2

10 107t 02 04 06 08 1 1.2

Xg, p,lab (GeV)

P o - »
« L < »

Soft VMD LO DIS Soft VMD

-

@ Large uncertainty in assigning asymmetry to low-p,

process
@ If it is VMD, it should not have an asymmetry
@ If it has an asymmetry, it should not be VMD
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® Anomalous and hard VMD
processes enter in background

@ g(photon)+q(nucleon)—2 ,jets*
@ and in signal
@& g(photon)+g(nucleon)—2 ,jets*
d(photon) negligible
Only maximal and minimal

scenarios for Ag/q (photon)
available

@ using Agq/gmax=1 and
Ag/gmin=-0.6
@ Large part of total uncertainty,
scales with central value

14
Ag:Ag

12 ¢

08 r

0.6 |

04 |

1072 107 ) 1 10

M. Gluck et al., Phys. Lett. B503
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» “Photo -praguction” high pt hadron pairs

o = phl ph2. A p cay =
p & o7 ERRE SN Cona 05
0.15 —+ ° A 0'45_ 4 low_pt & VMD
r 0.35
0.2 03 F
(o) 0.0 0.25 F
: 8 * | » 02 F
t F ° | 0.15 F - 6
3 0.1 F—g =
0 -G(DB F 0.05 HEFT ¥ _
n Q1 F 0F
015 E ethod 2 045 £ ® PGF
(3012 o |‘. .1.9.9?T9.7.(.j|{.8. T 0'45 " anom.g
B v a5 - e 06325—
1 2 32 min 2\ 2 0.2.5§—
(Zp min GeV E
- delienad™ (Gev) kL
D @ 6.2 = ph s @5 01 F
0015 — 0.05 H
; E Lo by by by by ey by |
u :++++ <,\2>~ a 15 2 2.5 3 3.5 4
: o.fbg Q?) ~ 1.4GeV . N
005 p K <X9> it ~ 3-4*QCDC (~10%)
. n PN Sp2 >2.5 GeV o
- ! e
O 04z E e 2000 data Py :
% Olﬁ = | | methog 2 ,soft“ VMD dominates at low Zp,?
0.6 '1 T = Lo Hard VMD processes ~15%, >p;2>2 GeV
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,,Photo-production® » Transition” Region

o D2 = 0.2
0.1 0.1
o pyseans
-0.1 -0.1
-0.2 -0.2
O 19896+97
0.2 0.2 oo " i = 2000 3
o ik S S IPPRPRTI 5 & SN odse0%2% 2 1 b 820898 3 4
+— 0.8 . +— 0.8
g 30 Qcoc & eladiff. YMD 0gd D QCDC » LODIS + bwp
D.'.-'—g ® PGFihardg @ low p D.'.-'—g PGF+had g & ela+diff. YMD
062 }to Elﬁrt"n » hard YMD g} 053 * hard VMD tg)
0.5-3 * L3 0.5-3
0.4 ﬁ.--‘*‘"h . ! 0.4
03§ A K 033 8-
023 ; Boa, £ i DO
0.1 -3 0.1 " gy T
U_E 5 55 - - _'I--ﬂ"-‘*r.’g ﬂ"i-':‘“—i i} 3 ﬁﬁﬁ__%;&_ﬁﬂf:_-&:i:ﬁ____:_:E__—_:_r__—___
IIII|IIII|IIII|IIII|II IIII|IIII|IIII|IIII|I
0 0.3 1 1.5 2 0 0.3 1 1.5 2
% GeV) pT(Gev)
~ 2-3*QCDC, ~25%, ~ 2-3*QCDC, ~10-25%
p; >1 GeV, ~ 40% of signal p; >1 GeV
»Soft“ VMD dominates at small p;, ,»,Soft“ VMD ~15%, pr>1 GeV
Hard VMD processes 10%, pr>1 GeV Hard VMD processes ~10%, pr>1 GeV
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@ 4 independent data sets (p, d, h?)

@ ,,Photo-production” reg.

@ Scale Q%x1.25 GeV?, x~0.15

@ At p;<1.5 GeV results for
@ Proton > Deuteron

Deuteron

AGIG

@ ,Transition“ region
@ Scale Q2x1.77 GeV?, x~0.16

@ 2.8 o difference between
® h* and h- Deuteron
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@ “Photo-production”
@ combined data sets

<AG/G>

@ Combined data in both regions
@ “Transition”
only Deuteron data; p; > 1 GeV
@ “Photo-production”; p, > 1.35 GeV

05
04
04
DE 13 "
S o 7 ._.'._f._.r o
" .

04
02

AG/G

- GS-A
03] GS-B
f4f = B850 ® Phbotoproduction
' — GRSVOD 0O Transition

05 p
10 10

5

Xg
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@ Very wide correlation between pgand x;  <os |: £
0.4 =
0.3 f =
02 {E
0.1

1 125 15 1.75 2
pT(GeV)

@ Can the mean value theorem be used to calculate AG/G

i Cpi  AG®AS. . AS
A (p) ~ "= ; A=— —p

unpol G®o c

depends strongly on shape of and
==>if not, redo last step of analysis with different formalism

@ Pythia calculates only unpolarised kinematics
unpol. kinematics =/ # polarized kinematics
only solution polarized MC
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@ Hermes can extract AG/G from tagged and anti-tagged
high-p, hadron asymmetries with good statistics and
@ Big model (MC) dependence
@ not so small estimated systematic uncertainties within one model

@ Not yet accounted for:

@ Large NLO corrections to pol. and unpol. cross sections
@ Statistical uncertainties of pol. and unpol. PDF used (including g(x))

@ Analysis of high-p; hadron pairs consistent
@ Find solution to open points
@ For less model dependent measurements:

@ Higher energy ( ) — need high luminosity
@ For ep or yp: Measure pol. photon PDFs
@ Clean process ( ) and/or heavy quarks

( )

P.Liebing / E.C. Aschenauer 33




