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Spin Density Matrices in reaction

9

e+ N =S¢ +wt+ N

e — € + ~* (QED). Spin-density matrix
U+L _ U L :
QMA,7 (e, D) = ox., \, + Pbemng)w/\,7 of the virtual photon
is known. U - unpolarized, L - polarized beam
v 4+ N->w+N-—-7t+71- +7% 4+ N (QCD).
Vector-meson spin-density matrix Pry A, IS expressed by
\4

helicity amplitudes F'y |, .y (W, Q?,t"). In CM frame
of v* N is given by the von Neumann formula:
Py A, =

U+L *

1 F
—_— / .
oN ZAWMYANMV AVANIAYAN QAWA% >‘/V>‘3\73>‘/7>‘N

g§+/\({ decomposes into the set of nine hermitian
Ty
matrices(3x3)%% (a=0--3 - transv.,4 - long. 58 - interf.),
(0%
PV, ™ PRV AL When we can not separate transverse
and longitudinal photons, Spin Density Matrix Elements

(SDMESs) are defined:
04 _ (0 4
TAVAQ/ _ (pAV/\/V + €RIO>\V>\/V)/(1 + ER)’

P /

Ay AL, B
r< = { Ufel)” a=h23 R=o0r/0
AVAYy RPCAXVA’ B

V. o=5,6,7,8.
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f = Angular distribution in reaction e+p — €'+

%e{[pes p+w— (rfa

Y

lepton
scattering-plane
- 9
Helicity frame
(0 at rest)

(0-decay-plane
9

(0-production-plane

)

w = wtr— 70 (conservation of J)

lw; Im >— |7ta 7% 1m >= Yim(cos(0), 9),
(m = £1,0). Angular distribution

W(ri‘VA,V , P, ¢n,cos O,,) depends linearly on

, and beam polariztion P,.

,r.Oé
Ay AL,

For longitudinally polarized beam and unpolarized

target there are 23 SDMEs,(15 unpolarized and
8 polarized ).

The SDMEs are determined from the fit of angular
distribution of pions from decay w = =nT7 70,
by angular distribution W(riVA,V , P, n,cosOp),
with Maximum Likelihood method.
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A+ General properities of helicity
%GHD@S amplitudes

T - natural-parity exchange (NPE)(P = (—1)7)
U - unnatural - parity exchange (UPE)(P = —(—1)")

® On unpolarized target nucleon-helicity-flip amplitudes are suppresed. Taxyry = Ay 1a,l
Helicity concerving - Too, 171, U11, helicity non concerving - To1, 110, T1—1, Uo1, Uio,
Ui-1
The dominance of diagonal transitions is called s-channel helicity concervation (SCHC).

®» NPE (JF =01, 17,..) amplitudes Txy x., (Two-gluon exchange = pomeron, p,
w,a2,...reggeons = ¢qg exchange). UPE(JF = 0—, 11, ...) amplitudes Uxy A (T, a1,
b1,...reggeons = gg exchange)

\Vau O \Va (&%)
ST —gp—
g % % g g dq
P P’ P P’

a) b)
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%W Exclusive w-meson production at
&mES HERMES

H W=30:63GeV,<W >=4.8GeV total number ofevents W?2 = (q+p)?
$ 0?2 =1.0+10.0GeV? < Q? >=1.9GeV? Hydrogen: w-2260 Q?=—(k—k )2

2
® :5=001=+0.35 <z >=0.08 Deuterium: w -1332 T = Q%Q
P 0<-t/<0.2GeV?, < -t/ >=0.08 GeV? with t/ =t — tin t=(q—v)?
M% —-M2 - i
AE = *;(Tpp with M% = (p+q — p,+ — p.— — pr0)? and Mx being missing mass, p, g,
p.+,P.— P.-o are 4-momenta of proton, v* and pions. = Beam polarization ~ 40%.
g T aaE] |

250 = T P4 = 0.5008

200
150
100

50

proton

< L L LLLLY LU LU LAL LLAL R L |

1 1 1 1 1 1 1 1
0.72 0. 74 0. 76 0. 78 0. 8 0. 82 0. 84 0. 86
M § Gev)

o CIRIB5 7 11
5 225 P1 0. 6315
= 200 P2 0. 7876
175 P3 0. 5484E- 01
150 P4 2. 973

0.7 O. I72 O. I74 O. I76 0. I78 O.I 8 0. I82 O. I84'\4[nr(z.(;if\:‘nl)
0.71 < M_4___o < 0.87 GeV, ~1.0 < AE < 0.8 GeV,

SIDIS background(x 20%) is subtracted using MC PYTHIA
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1-1%

-2 r%-1
2Im ril
2/2Rer3,
221mrs
22Imrl
22Rer,
2 Rer%
2Rery
2imr,
215,
_r(l)o
2imrs,
W21,
V213,
V213,
v2imrd,
~2imri,
v2ré,
~2ré,
f%l

r%l

Im rf_l

4"/

_\,{awl_&yrqu ﬁ

1+ m proton
e deuteron

scaled SDMEs

SDME of exclusive w production for the

Integrated data

A v; = wr and v} — wr
B, Interference: ~7 , wr

C, Spin Flip: v7 — wr,

D, Spin Flip: v7 — wr

E, Spin Flip: v7 — w_r

The SDMEs for hydrogen and deuteron are
similar.

if SCHC holds:

ri_1 = —Im{r{_}

Re {r{,} = —Im{rf,}

Im{ri,} = Re{r,}

for hydrogen

ri_+Imr?_, = —0.004 + 0.038 £+ 0.017,
Rer?, + Imr$, = —0.024 £ 0.013 % 0.003,
Imr], — Rer$, = —0.060 & 0.010 £ 0.044,
for deuterium

ri |+ Imr?_, = 0.033 + 0.049 + 0.004
Rer?, + Imr$, = 0.001 & 0.016 + 0.015,
Imr{y — Rer$, =0.10 £ 0.11 + 0.17,
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A SDME in exclusive w production for the
%9@33 Integrated data

® Test of SCHC Hypothesis

[ . . i : P
S AL MLy ® CLASSD, Spin Flip: v7 — wr
Imrf_l i e
o, [ s e —
mely [ VM &y VM, e r?, ~ Re[U10U7,]
et . r>_| ~ Re[U1oUt,]
Reb b e 1-1 7 10%11
04 * ;
ienlo | Ciyi oM, . Im{r®_|} =~ Re|-UioUj,]
“::;0 B mm =, proton
g deuteron
o 0@
- : 5 5 6 _
mri | 5 5 6 _ :
REE . ... riy+ri_y —Im{r7_;} = —0.10+0.03 £ 0.03 for deuterium
5 [0 , AL . .
LoDy, e ®» SCHC Hypothesis seems to be violated.
11
Imr : %
Imri; =
| = =
8 N H—I—-—F.
i1 o W m .........................................................
By UM, eim
rh - 4—0—M—'—F
Imri'l L L I L L L I L L L I L L L I L L L I L L L
-04 -0.2 0 0.2 04 0.6
SDMES
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A .~ Comparison of SDME in exclusive w and
%G@BS oY production for the integrated data

o0 SDMEs, HERMES, Eur. Phys. J. C62 (09) 659.

—_—

0 LAY VM, & ¥y - VM e T
M1 ° .
Imr2 B . a—n—g_ﬁg_k
R";:%: . g
meSy [ VM & WMy o
7 1—@:’5
whl - - ® Ay; —swpandyp —wr
Rerl Vo ‘% 1
e, [ o o proton ri_1 = g2 UTul? + [Tial? — [Un? = U1 ?}/N,
: i , deut _ 1
"ar %y 0 D proton Im{r_} = 52 {—Tul* +|Ti-1 > + |Un]? — [Ur-1P}/N
i [ *ﬁ e p°, deuteron
Imrd 2
= -
r§o LSS %q}_._‘ ......................................................... |U11|2 —|— |U1_1|2 > |T11|2 —|— |T1_1|2 for w Meson
r - o
g, [ DY . 71 1|2 + |Ur1|? > |T11]? + |U1_1|? for w meson
ImrS o
Imrz_ =
8 = =0 Dw .
sE - - 0@ Assuming |T11|* ~|U1—1|* we get |U11]* > [T11]?
1E G
rrgfll = Hﬁm for w meson
mL e
04 02 0 02 04 06
SDMEs
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Mes Dependences of w SDME on ¢ and t’

03 0.2 0.4 03 0

. 2
At = proton A:riy O deuteron Afmriy 01 | B:Rery A Ay + Atlmrl, % 01 |8:RerS, +
L i L L o2 b 025
175 ? % 0125 i o2 | 0175 # $. ordton 0.2 i i %
% o deuteron %
0.05 Ll s . L 0 . P AP IS [P IS JO B P PRI P A
Bt 2 3 Bt 2 3 1 2 3 1 2 3 o 0.1 02 0 0.1 0.2 0 0.1 0.2 0 0.1
05 F 045 012 m 0 - 077 0.7 01 5
0 FBrtmeds B:Imrl, B:Rerd C:Rerd B:Im S, % B:Imrp B:Rerd, C:Rerdy %
j; ? o i $ 0025 % ,,,,,,,,,,,,,,,,,, | om ? ,,,,,, @ ,,,,,,,,,, % -0.05 % + 0185 %* 0.05 @ ,,,,, % ,,,,,,, {j ,,,,,, % +
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 0 R S E—
01 Lo % MR A MR B % - [N ARG P AP A ﬁ| _06..@.“... §$|
T 2 3 1 2 3 T 2 3 T 2 3 ) 0.1 02 0 0.1 02 0 0.1 0.2 0 0.1 2
02 0.14 017 0115 0.2
02 F . Ao 1
C:Re r% C:im 3, c:r Cirk % C:Rery C:im 3, + or ke % 025 fcirdy % %
002 006 0.0075 ff oo Doy %
e L L = P $ ot
rrrrrrrrrrrrrrrrrrrrrr 1o + 0 *% 0 % *
.% M P M2 PP R R Y I B P B AP B NP N
1 2 3 1 2 3 1 2 3 1 2 3 0 01 02 0 01 02 0 01 02 0 01 02
5 083 012 042 5 0.66 = 0115
oz LCmr% crd D1, DS, C:lmr, Ciroo {) . D: 13 Diryy
0 b ) e N HRN N AN (S NN Y S SOt UURN: SO
% 0165 i 777777 % 777777777777 t 0 fgr % 016 | % + 002 % """"""""""""" % % } 00075 ; % ,,,,,,,
b4 IR pid + "
, 05 R 3 B R 012 - [T A ST N S [P IR I S [ AR A IR [P IR PO AL
1 2 3 T 2 3 T 2 3 T 2 3 ) 0.1 02 0 0.1 0.2 0 0.1 02 0 0.1 0.2
1.23 077 — 042 0175 12 0.405 0315 5
o1 [Pimrg D:Imrp, D: iy D:ryy D:imryy D:Imryy Dy D:riyq
1'5 % 0.215 % 777777 i 7777777777 i 0.085 * ,,,,,, é ,,,,,,,,,, | 019 b % 0.0625 {) % 0.145 g ﬁ ,,,,,,, {y ,,,,,,, 00975 [ b | i """"" + """ 00675 | |4 + """
I i % g %
e —— — — .05 L -0.91 06 -0.45
1 2 3 1 2 3 1 2 3 1 2 3 0 01 027770 01 02 70 0.1 02770 01 02
02 02 02 e
E % % E:ryy E:lmry, % {; E: iy 1‘ 05 FEm e,
I S S - ; ok BTE
ofagd o : i
i L -0.2 1 T 05 E L TN AR 02 b0 v a |y TN A
1 2 3 1 2 3 1 2 3 0 01 02 0 01 02 0 01 0.2

@ [cev?] v [Gev]

q® intervals 1.0 -1.57 - 2.55 - 10.0 GeV?, -t intervals 0.0 -0.044 - 0.105 - 0.2 GeV?
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% Test of Unnatural-Parity Exchange for w
ames meson

Signal of UPE in SDME method
up =1 — 7“83 + 27“(1%1 — 27“%1 — 27“%_1

2¢|U10|°+|U114+U_11]? TR
pr— >
UL =) :ANMV N ul > 0 means contribution of UPE

where N = Np + eNp,
Np = Z/\N/\QV(|T11|2 +To1]% + |T-11]% + |U11]? + [Uo1|? + |U—-11|?
NL =3, (Tool® +1Tw0l* + [T-10]* + [Uro]* + [U—10[?).

o 2.5 o 2.5
o) m}

» proton » proton
o deuteron o deuteron

N

0 2 3 ) 05 0% 004 006 0% 01 0% o1 0l 0B 02
Q[GeV] 1 [6ev]
ul(p) = 1.154+0.09 £ 0.12 wul(d) = 1.47 4+ 0.12+ 0.18 for integrated data

Large UPE contribution

—p.11/13




%W Longitudinal to Transverse cross section
emes ratio for w meson

—_——

04
Rpjr =3k = %13%3’ roo = 2 1€lTool® + [To1|* + [Uo1|?, }/N N =eop +or

or, = |Too|? + |Tho|? + |T—10|? + |U1o|? + |[U-10|?
or = |U11]? + |Uo1|? + |U=11]? + |T11]? + |To1]? + |T—-11]?

5 e 12
© o
m ( O) proton (integrated)
= proton

| o deuteron 1 o ( 0) deuteron (integrated) I

06f |

" S " "
1 2 0.7 0809 1 2 3

¥ —
Q*[GeV] Q*[GeV]

w meson p? meson (HERMES, Eur. Phys. J. C62 (09) 659.)
Ry /r(p) =0.25£0.0.03 £0.07 Ry 7(d) = 0.02440.04=+ 0.0.08 for integrated data

U/N asymmetry of the transverse cross section
op —o 1 1
J§+U§] =(14+€eR)(2r{_1 —150)

P<(2r{ ;—r1},)=-0.35
large part of the transverse cross section is due to unnatural parity exchange.
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The SDMEs were extracted for electroproduction of w vector meson on proton and
deuteron at HERMES.

They are presented grouped into five classes according to the helicity transition.
The Hypothesis SCHC in w meson production seems to be violated.
The UPE contribution seems to be very large(dominant) for w meson production.

Longitudinal to Transverse cross section ratio for w meson is smaller than for p° .

Summary
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