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Kinematics:
® =35=:240Gey,
® (Q?=1.0=+700Gev?
® W =30=6.50ey
® 15, =0.01+0.35,
O = (t—tmin)

' =0=0.4GeVZ?,
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e+p— e +p +V:Basics

9

In the one photon approximation
=7 +p—p' +V

The amplitude of this process can be
factorized:

A =% 7 ® Aggtp—aqatr ® Peg—v-
In these three steps the interaction time of
(¢q) with target is shorter than the time of
~* fluctuation and formation of VM.
(Collins,Frankfurt and Strikman Phys.Rev

D56(1997)2982)

~v* + N — V 4+ N’ is a good tool to study

the helicity conservation:

® helicity state of v* is easy to
determine (QED)

#® helicity of VM from angular
distributions of decay products:
¢ — KTK—and p® — ntn—
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%9@ S Spin Density Matrix Elements (SDMES)

. — 1 +
® spMEs: TS\XVA/V ~p(V) =+ ZA%,M (TAVA’YP(W)T)\/VA%)

o

spin-density matrix of the vector meson  p(V') expressed in terms of the photon matrix  p(7y)
and helicity amplitude T>\v>w

presented according to K.Schilling and G.Wolf (Nucl. Phys. B61 (1973) 381)
o = 0,4 - longtd. or transv. photon with ~ Ay = O; « = 1-2 - transv. with lin. pol. ;

a = 3 - transv. with cir. pol.; o = 5-8 - interf. transv./longtd. terms.
measured at 5 < W < 75 GeV (HERMES, COMPASS, H1, ZEUS)

provide access to helicity amplitudes T>\V>\,y and phases, which are:
® extracted from SDMEs

® calculated from GPDs:S.V.Goloskokov,P.Kroll arXiv:0708  .3569 [hep-ph]27.08.07; Eur.Phys.J. C 50,829
(2007) hep-ph/0601290; Eur.Phys.J. C 42,281 (2005) hep-ph /0501242
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%‘e@ﬁé HERMES SPECTROMETER

/7 FIELD CLAMPS j TRIGGER HODOSCOPE H1

FRONT DRIFT CHAMBERS - 270 mrad
MUON - -
HODO }79 mrad — —
PRESHOWER (H)_ - - - R
DRIFT\ 140 mrad
CHAMBERS
] i”ini ‘ o tumosiTy_ L
TARGET | ~- i‘!: | MONITOR ot
CELL >~
/ DVC f‘ ~Hk
HODOSCOPE HO
STEEL PLATE TRD O&L—ORIMETER h _ 140 mrad
-4 \ \270 mrad IRON WALL /f?O‘mTa(# .
WIDE ANGLE
MUON HODOSCOPE MUON HODOSCOPES
T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 m
®  Acceptance: |O,] < 170 mrad, 40 < |©,| < 140 mrad,
® Resolution plp < 1%, IO < 0.6 mrad,
O |dentification efficiency: positron/electron above 99% , ha dron average is 99%,
B cContamination of hadrons (positrons) in the positron (hadr on) sample - below 0.01% (0.6%)
® Good separation of pions, kaons, protons and other hadrons f or momenta between 2- 15 GeV,

Average target polarization (years 2002-2005) is 72 %.
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%W Excl. Events. Method of determination
DS SDMEs

150

Events

lepton
scattering plane
100 meson
decay plane

50

meson production y
plane -
0
g b Definition of angles.
750 :
]
ool + ® simulated events: matrix of fully reconstructed MC events from
+ + initial uniform angular distribution
'
ol L ® Binned Maximum Likelihood Method: 8 X 8 X 8 bins of
| cos (©), ¢, . Simultaneous fit of 23 SDMEs rf, =
W (P, ¢, cos ©) for data with negative and positive beam helic-
% 12 - _
oE (Gev] ity (< |Pb‘ >= 53.5%)
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A-SCHC ~7 — ¢r and v}, — o1
|T11|2 X oc-lm{r%_l}

V7 — ¢r and v — T
Re{T0071} } < Re {T?O} X —Im{r?o}
Im {11175, } o< Im {’I“IO} o Re{r%,}
C- Spin Flip: v — ¢r
Re{T1175; } o< Re{r{5}
o< Re {rig} ocim {r%,}
Re {T01T5<0} X TSO
To1]? o< g
Im {1117} Im{’r‘rfo}
Im {TOlT(SkO} X 7“80
D-Spin Flip: fyz — O
Re {TlO X Im{’l“?_l}
im {T10T7 } ocim {r{_;} ocrfy ocri_y

04 1

B- Interference:

* 5 5
11} X Ty XT1_4q

E- Double Spin Flip: vy — ¢_7
Re{Th 1Ty} x r(1)4 ] X 7“%1

im {71177 } ocim {r7_; }
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SDMEs for: (", ¢

- HER{ME% PRELIMINARY
e (pproton and deuteron
| op’proton, & p°deuteron
1-r% | % .
2r1- —+O0——
_2Iméi- Ay - Vi&yr- VS %LH
22Rerlo [ B:interference y; - V0& yi- VO g
2v21mr$, B &% o
2w/2lmr710 B —
2RIy fF, . =
2Rerh [ cryp v e
-2Reryg | o
2Imr?, B P s
W21 | o 2
_r](')o | .‘_O-_QHA—i
2imrio |_ e A
Waree | -
V2 r:u | D yT_ o VQI' t
V2rig | ﬂm
v2imrgy [ &
~v2imriy | ——
\/Zréu_ S »——&«’—o—‘
V218, — g
e
il Elyr - vy 3
r Al
11 | o : —@—
Imril s 8 ; 3 bﬁ_‘_.l—‘ i 8 I 8 s s | 2
04 0.6
led SDME
Diff. for cIassA T 1\2 > |T 1\2 (~ 20%) >

B:(T11T{0): p ~ ¢ diff. phases T 11 and Tgg

tg(5%)=(Im 7“,170 + Re r?o) / (Re r?o -Im r?o),

6%, =133.00 7.4 62 = 30.00 + 5.00 + 2.4°
p+d p

and C: for p° > 0,
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Dependences of SDME’'s on Q 2

05 [

-0.1 F

02
L

0.15

.0.15 b

0.3

0.3 L

0.1

.01 b

0.3

0.3 b

Witold Auaustvniak. SINS

2 3
Q’ [GeV?]

A ro4 os b AITT1 A:lm r21_1 . B: Re r510
oo © % 025 © © & 02t
q) ®. [0] | | * % o o %
M 0.25 | ¢ ¢ @ % L] o
Ll , Ll L 9 05 , 01 Liusl L
1 2 3 1 2 3 1 2 3 ’ 1 2 3
0.4 0.6 0.15
-} B:Iimr$, B:lmr i, B: Ee ro C:Re rig
I T R R P o wo [ ¢ T © o
(% o O §¢ 01 CI%@ 7777777777777 0 (D* @ 0 (} M
L .
L A 0.2 Ll . 0.6 Ll . 045 Ll .
1 2 3 1 2 3 1 2 3 1 2 3
0.1 5 0.2 1
+ C: Re r]j_o (:¢ Im 10 02 F C: oo C oo %
o o I
"%"”;”'é """ ¥ o 0 df*i """"""" % LI Ll I % """"""
T I S
1 . 0.4 Ll - | M 02 Ll .
1 2 3 1 2 3 1 2 3 1 2 3
0.7 0.15 0.2
C:ilmrig {- C: oo D:r3; % D:ris
REERE B S LS I A Rl I R
| \ } Ll \ ] Ll \ ) Ll \
1 > 3 0.5 1 5 3 0.15 1 > 3 0.2 1 > 3
5 1.2 0.3 3 0.5 8
D:Im i1 D: Im r?l—l D: M1 D: M1
_@+®§®§® 0 -G}@gq}io 0 %%@ rrrrr %@ 0 -?i@ rrrrr +®~—
| 1 12 L | 1 0.3 raal 1 05 vl 1
1 2 3 1 2 3 1 2 3 1 2 3
04 0.23 1 0.7
: E:r . 3
E@; "1 5, Frim i HERMES
SRRy SEURERE X ofb oo %o oL g Mg Bg
oo ? PRELIMINARY
1 . 0,23 Lol . 0.7 Ll
1 2 3 1 2 3 1

The dependences of SDME’s on

Q? for

proton and deuteron data. The outer bars

represent the total, the inner ones the

statistical errors.

0

¢ - red closed squares, p"“ - open blue circles.

) 5
See classes A, B; C -r 00"

NOTATION:

A-SCHC ~] — ¢r and v} — o7
B- Interference: 'yz — ¢, and %’} — o7
C- Spin Flip: v} — ¢r,
D-Spin Flip: v} — ¢

E- Double Spin Flip: v} — ¢_7
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PRELIMINARY

nendences of SDME'sont '’

The dependences of SDME's on't / for proton
and deuteron data. The outer bars represent
the total, the inner ones the statistical errors.

0

¢ - red closed squares, p"“ - open blue circles.

See class C .

NOTATION:

A-SCHC ~] — ¢r and v} — ¢
B- Interference:  y; — ¢ and v — ¢
C- Spin Flip: 5 — ¢r,
D-Spin Flip: v} — ¢

E- Double Spin Flip: fy;,ﬁ — ¢_1
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' W Longitudinal-to-Transverse
<es Cross-Section Ratio

Comparison of commonly measured:

3 04
<, 2 HERMES PRELIMINARY ep(d) —e'@p(d) R4 — L _ 1 _T"oo
|t|) m proton and deuteron, <W>=5 GeV oT € ]_—7’86l !
3 oA p’- HERMES proton, deuteron, <W>=5 GeV .
o v F():ornell, <W>p:2.1 GeV T Where'
15} ® ZEUS, <W>=75 GeV 'Y T(())é — Z{G‘T()OlQ + |T11|2}/Ut0t
O H1, <W>=75GeV | Otot = €0, + 0T
) 2
1t % + 1 Theory: R = ]3—‘2/
< & F } S. Brodsky et al., Phys. Rev. D50(1994) 3134
osl | Modifications to those dependences are expected due to
t the Q2 dependence of gluon density, the quark transverse
f H movement(Fermi motion) and quark virtuality as well as
ots 7 the Q2 dependence of the strong coupling constant as. L.

o5 1 15 2 25 3 35 4 Frankfurt et al., Phys. Rev.D54 (1996) 3194, (Fermi motion)
|. Royen et al., Nucl. Phys. B 545 (1999) 505 and Phys.
Lett. B 513 (2001) 337

— RY% for ¢ meson at HERMES is in good agreement with world data.
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A Unnatural Parity Exchange in ¢ Meson
Yo'

Leptoproduction
.0 @(proton + deuteron) @ ( proton + deuteron )
0.25 l § p (ou;roton, Ageuteron) 0.25 § % L pO ('proton )
ST T
-0.25) , , , ,

o

© N
ol

T

'S PRELIMINARY

L
I
Xt
<
m

U, o % e R — u, oL }o %
{
02+ | 0.1F | . . | |
0.25F 0.5F
Us o ] T l .............................................. U ol { (} VVVVVVVVVVVVVVVVVVVV
0.25F

N S . . . . -0.5E1 1 1 1 1
0.70.80.9 1 2 3., 4 5 0 0.2 04 0.6 0.8 1
Q" [GeV] t [GeVA]
Ur=1-rQ3+2r9% orl el s U1=X(de|Uo[*+2|U11 +2U_11|?)/N;
—¢D 5 . —8 8 =
U2=ri_1#+171 3 UB=IT_1#171- Ug+iU3=+/(2)2{(U11+U_11)*U10 JN.
2Uxy aq Uy MM T2 ZAN, UV AN A AN >\’V>\§V,>\*>\N
hierarchy: Z|U11|2 >> Z|U10|2, Z|U01|2,E|U_11|2,
. LN * _
no interference NPE and UPE: ZTAV,A,Y U>"v’>"w =0
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%e{y[\nré Ratios of Helicity Amplitudes

EXPERIMENT

The real and imaginary parts of ratios of natural-parity-ex change helicity amplitudes:

Ti1 (yp — p1). Tor (Vp — pL). Tio (VL — p7). Ti—1 (Y — pr)t0oToo (YL, — pL)
and for the unnatural-parity-exchange amplitude U 11 the ratio |U11|/|Too| were obtained.
Beam: longitudinaly polarized electron/positron 27.6 GeV

Targets: hydrogen and deuterium unpolarized

Kinematical region: 0.5 GeV 2 < Q2 < 7.0 GeV?,3.0GeV < W < 6.3 GeV, -t < 0.4 GeV?
The Q2 and -t’ dependences are also extracted.

Divided in 16 bins for @ 2: 0.5+ 1.0 - 2.0 = 7.0 GeV?;

for-t’ 0.0 + 0.04 =+ 0.10 + 0.2 = 0.4 GeV?2.

Extractions: use angular distributions: COS(Q), ® and ¢ as well as isotropic simulation sample (RHOmC).
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%el})\m[é Ratios of Helicity Amplitudes

Theoretical studies:
D. Yu. Ivanov and R. Kirshner Phys. Rev. D58(1998) 114026 [he p-ph/9807324],
E.V. Kuraev, N.N. Nikolaev, and B.G. Zakharov,Pis’ma ZHETF ,68,(1998) 667

pQCD:
_ T11 My,

t11 = Too X 0
to1 = 201 V(=)

Too Q
f0— Tio o MvV/(=t)

_ Ty —t/MV Cq Co
b1 = 7 Q <Q2+M‘2/ Tz )
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[GeV?

Ratios of Helicity Amplitudes t

Im(T /T )

1r ® Proton
B Deuteron
0 L L 1 L L L L Il L L L L 1 L L L L
1 2 3
Q*[Gev?]

Q2 dependence of Re(T 11/Too), Im(T11/Tgo) and their
phase difference 911, for hydrogen and deuterium targets.
Parameterization is given by the function: Re(t 11)=a/Q and
Im(t11)=bQ. (The function for Im(T 11/Tgo) different from
theoretical predictions.) High value of  d11 is observed.
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Ratios of Helicity Amplitudes t

[Gev)

Re(T o/ T o) Nt
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ol
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-90
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[Gev

IM(T o/ T o)V

0.8
® Proton
} B Deuteron
Ok
-0.8 1 5 : 3
Q* [Gev]

Q2 dependence of Re(T 01/Too), Im(To1/Tgo) and their
phase difference 0g1 for hydrogen and deuterium targets.

The Q2 dependence was observed only for Im(t

01)-
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%6@ S Ayr. Definition of the azimuthal angles

TRENTO CONVENTION T T -
) cosp = \IXO) - (kx k) o (kx)-q
7 X U] - |k X K| [k x ql-|qx 0l
S) - (k x K’ kx S)-
Cosqbsz(q 5)- (qu), sindg = LFX )ﬁq“]ﬂ
|7 x S|+ |k x K| [k xql-|qx 5]

¢ and ¢g are angles defined by the
lepton-scattering plane and the VM pro-
duction plane or target spin vector in the  In the selected frames:
center-of-mass system (v*,p).

Relation between the azimuthal angles

FI+3(St, SL, ¢, ¢s5) = R(0,7)FF5(Pr, Pp, 1, s),

1
where: sinf = 7(1—y—1y272)/(1—|—fy2), v =2xpM,/Q.

Pr cos @
V/1 —sin? 0sin? ¢g .
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1
arnes Ayr. Main definitions and relations

M.Diehl, S. Sapeta
hep-ph/0503023

1
cos Ogm 4o l—axpg 1 da
1 — sin”# sin’ g 878 1—& 2p Q7 dzy dQ*dg dos Pi =0
s

= terms independent of Pp

T
= aann— - E— {:—;in ¢g cosbfy/e(l+¢e)Imal,

T
\ 1 — sin’f sin’og 1
+ sin{¢ — ¢g) ((mﬂlm (0] +eogy )+ = ~-11nn'?1,,J e(l+e)Im (o} — o g ])

. . 1 ;'_
+ sin{¢ + ¢g) (f:t}ﬁﬂ g Imeal_ + gz-;in fy/ (1 +2)Im (eis —oln _})
;'_ 1
+ sin{2¢ — ¢g) (ur-,f?nv (1 +e)lma g += 3 sinflelmol’ )
|

1
+ 8in{2¢ + ¢g) ;sin felma’

+ sin(3¢ — ¢g) L’:ﬂt-;ﬂ%[ﬂlﬁrl : w

_|_
Ayt ~ cosfim (o7 + eogy)

where: aiﬂ;n(QQ, x ) are cross sections or interference terms with indices: (i, j) describing
polarization of the protons (p and p’) as well as (m,n) - polarization of (v* and VM),
e - ratio of longitudinal to transverse photon flux

Witold Auaustvniak. SINS MIT. JUNE 25th. 2011 —n. 17/29



N
I
%e{% Ay for ¢ vector mesons

1'O: ep' -epo " HERMES Preliminary
08 ap' _ -
C € pT ep (pT C Used cuts:
o6-ep —epo ~
. | - ® Fiducial cuts
0.4 o
C C O Determine: e i, K+, K™
0.2r ® -
0 O: . I . ® cutforthe opening angle of decaying ¢ meson
0.25 | - T ® cutforP » > 7.5GeVlc
0-45 - ! B  Kinematical cuts Q 2 >1GeV, -t' < 0.5 GeV?2, W> 5Ge’
-0.6; <x>=10.0874 f—
- -t'>=0.132 GeV? -
08 S
B <Q™>=1.89 GeV ~ 8.1% Scale Uncertainty
-1.0 . ,
sin(¢+g,) AS(P0)
uT uT

Amplitudes A 7 determined for ¢ vector mesons (blue) and separated for longitudinal (red) a S
well as transverse (black) ¢ mesons components.

Transverse Target Spin Asymmetry (TTSA) method provide inf ormation about E GPDs function
that are sensitive to helicity-flip. E GPDs functions contai n information about the orbital angular

momentum of the quarks.
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Distributions of several kinematic variables from data on e

tion (black squares) in comparison with simulated events fr

a2
o
>
L
ﬂ N
§601+
L [
40 |
20 |
J 0““ IS N
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P.. (GeV/c)

ulated events are normalized to the data.
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Main observables for
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xclusive w meson leptoproduc-

om PYTHIA (dashed areas). Sim-

S
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Ayt for w

The moments of A yr for w in the common
kinematic interval and their —t’, zp and QQ—
dependences after background subtraction. Sta-
tistical uncertainties are shown as error bars. Red

boxes at the bottom of each plot represent the sys-

tematic uncertainties.
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Ay results for w

Ayr:. experimental value and theoreti-
cal predictions. The theoretical predic-
tions from GK model. The solid, dashed,
dotted and dash-dotted lines represent
the results for different variants. The
shaded band indicates the theoretical
uncertainty for one variant. The other
variants have similar uncertainties.
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Conclusions

Comparison of SDMEs for ¢ and po
® SDMEs ~ |T}1]|? (class A) are higher ( ~ 20%) for ¢ compared to those for "

® Values of SDMEs belonging to class B are similar. Sign and val ue of the difference phases T 11 and

Too is found

® Class C:inthe case of ¢ , SDMESs fluctuate near zero opposite to po where non-zero elements
indicate a single-spin-flip.

2

Dependences of SDMEs and other observables on Q and t’

2

$ Regular dependence of SDMEs on Q < and different behaviour for ¢ and pO is observed

® Dependence R4 = Z—:LF on Q2 agrees with other measurements
® Different dependences of R%% on Q2 for ¢ and pO vector mesons are observed
® Observed dependence of r 80 ont’ for po is not seen for @

® Observed signals of unnatural parity exchange for pO are not seen for ¢

Ratios of Helicity Amplitudes

® Different dependences on Q 2 of real and imaginary ratios: t 11 and tpy are observed.
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Conclusions

® Near zero value of A 7 for ¢ is found
® Negative value of A ¢y for w is found

® Both values are predicted by theoretical models:S.V. Golos kolov, P. Kroll hep-ph/0809412 and
F.Ellinghaus et al, Eur. Phys. J C46 729 (2006)
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Additional slides
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%ﬁé Dependencies of p” meson SDME’s on ()?

0.075 'Re r?g

INDICATIONS:

green: SCHHC- ;7 — Vi,vp — Vr

yellow: Single Flip- 7 — Vp,

grid: Single Flip- 7 — Vr

blank: Double Flip- v — V_p

1
HERMES
PRELIMINARY

B proton

® deuteron
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%ﬁé Dependencies of p meson SDME'’s on t

05 F
0.05 H
04 F
0 |
0 0.2 0
0.1 |
00 0 {

INDICATIONS:

green: SCHHC- 7 — V,vp — Vp

yellow: Single Flip- 7 — Vp,

grid: Single Flip- 7 — Vr

blank: Double Flip- v — V_p

0 0.2
HERMES
PRELIMINARY

B proton

® deuteron
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' W oY Longitudinal-to-Transverse
<es Cross-Section Ratio

Comparison of commonly measured:

|_
5 HERMES PRELIMINARY [W(Z5 GeI/ l R4 _ 1 o6
b_I: = proton e 1-rQ8"
D”: o deuteron I % [J rgé = S {e|Tool? + |To1|? + |Uo1|?}/otot ,
I ﬁ% i% J Otot = €0, + 0T,
P or = ST + [Tor 2 + [Ty -1 P*+{U1 ]}
L ; o = S {ITool? +2[Tio[?}
i ; ﬁ % Due to the helicity-flip and unnatural parity am-
j [ CLAS =21 Gey plitudes R%* depends on kinematic conditions,
* DESY (W(2.6 GeV and is not identical to R = |Tpol?/|T11]? at
* CORNELL W[Z3.5 GeV .
% l ONMC W14 GeV SCHC and NPE dominance.
i © COMPASS PREL.W[Z14 GeV,| . . . .
} } ¢ E665 (W18 GeV —> Second order contribution of spin-flip am-
ot | L LEUS W50 Gev | plitudes to R4
107 1

Q’° [1€3ev2]

—> HERMES pO data on R%? are suggestive to R(W)-dependence
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® Natural-parity exchange: interaction is
mediated by a particle of ‘natural’ parity:

vector or scalar meson:
JP = 0t,1- e.g. po, w, a9

® Unnatural parity exchange is mediated by
pseudoscalar or axial meson:
JP =0—,1%, eqg. 7, a1, by — only
guark-exchange conribution

® No interference between NPE and UPE
contributions on unpolarized target

» Extracted from SDMEs:
U2+ iU3 x (U1 +U1—-1) * Ujo
U2=rp +717_4
pP: U2 = —0.012 £ 0.006s¢q¢ £ 0.0125ys¢
d: U2 = —0.008 £ 0.0046stqt £ 0.0105ys¢
U3 =1y +77_4
p: U3 = —0.020 £ 0.0505s¢qt £ 0.007 sy s¢
d: U3 = —0.021 % 0.038s7a¢ + 0.011 4y
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Unnatural Parity Exchange (UPE) in  pY

Leptoproduction

1-1
o
W

1

2r,_

HERMES |PRELIMINARY

mproton

1—

1n
o°
N
[

=2r

04 04
1—=re+2ri,
o
o e o
- w N
—
»
= j
—.—
-
= z
[¥e)
—.— a
&
a

0.05¢

-0.05r —

-0.1}

2 50 o0z o o1
Q@ (GeV?) -t/ (GeV?) Xg;

B Ul xelUio|? +2|Ur1 + Ur—1/)?
Ul=1—70%+2704 —2pl —2pl |
p: Ul = 2|U11|2 =
0.132 = 0.026s¢ £ 0.053syst
d: U1l = 0.094 £ 0.0205¢ £ 0.044 54 s¢
p+d: U1l = 0.109 £ 0.037¢0¢

—> Indication on hierarchy of pO UPE amplitudes:
|U11| > |U1o| ~ |Uo1]
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'm[Mi_,++M++,++ +emMg_ 5 Mo+ ,0+]

AUT = —2 ’
o [|IM ++|2 + €[ Moyr 04 |?]
M+t (V) = —{Zeac H)Y,, + > C(H
ab

—ut+(V )__§M+ {Z eqCy” VM-I—ZC{“}’(E
ab
Fy, =3 /O diHY | (3,6,Q,t = 0)F9(z, £, 1),
A
1
F>pr — Z/ 1 diH;Yf,ZA(fagaQQat — O)Fab(a_j7§7t)7
~ J -

Hywbos = / drd*vWy, (1, —b)F(%, €, 7,Q%,b)

xas(ur) exp[—S(7, b, Q)]

7,k1) = 87%\/2N¢ fv;(pr)ai, ;[1 + BY I (up)Cy? (21 — 1)
+By 7 (ur)Cy'? (27 — 1)] exp[—a} kT /(r7)].
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Ayt and GPDs

S.V.Goloskokov and P.Kroll
hep-ph/0809412

Important characteristics of G.K.
theory:

Introduce the quark transverse

momenta with model regulation :
1 1
dQ? — dQ2+k3
The weight factors comprise the
flavor structure of VM:
uuw — dd 1 ss __
cuv =(C%% = \/5,0¢ =1
F(=H,E),
F - hard scattering kernel
Sudakov effect in b space.

Parameters of wave function.
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