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Vector meson Spin Density Matrix Elements (SDMES).

SDMEs and general properities of helicity amplitudes.
HERMES Experiment and data processing.
SDMEs for the integrated data.

Unnatural-Parity Exchange for ¢ meson.

Summary.
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W Spin Density Matrices in reaction
e+ N —ec +d+ N

e — € +~* (QED). Spin-density matrix

U+L _ U L -
‘QMA,W (e, D) = QAW)\% + Pbe“m‘QM% of the virtual photon
is known. U - unpolarized, L - polarized beam
v+ N —-¢p+ N — KT+ K~ + N (QCD).
Vector-meson spin-density matrix Pry A IS expressed by

\4

helicity amplitudes Fy |/ .\ (W, Q?,t"). In CM frame
of v* N is given by the von Neumann formula:

Prxy X, =
U+L o

1
SN ZA,Y,\LYANAQVFAVAQ\,;/\»MN Q/\,YA; N A AL AN

‘Qi—i_)f{ decompose into the set of nine hermitian
vy

matrices(3x3)X% (a=0--3 - transv.,4 - long. 58 - interf.),
PAy AL, pi‘v AL When we can not separate transverse

and longitudinal photons, Spin Density Matrix Elements
(SDMESs) are defined:

04 — (0 4
T/\V)\/V _(p>‘V>‘/V +€Rp>\v>\§/)/(1+€R)’

Pa /
>\V>\V .
o ) Gxery: a=1,2,3,
Ay AL, VRp$ |,
V'V «=5,6,7,8

(1+6R) ) ) ) ) *

R=or/or
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\ — Angular distribution in reaction

—_—

%e{[pes e+ N—oe+¢p+N—oe +K" +K +N

® $ = KK~ (conservation of J)
|p;1m >— |[KTK ™ ;1m >= Yim(cos(0), ¢),

meson (m = 41, 0). Angular distribution WW(®, ¢, cos ©)
decay plane depends linearly on SNV and beam polariztion
|4

P,.

® For longitudinally polarized beam and unpolarized
target there are 23 SDMEs,(15 unpolarized and
8 polarized ) which are determined from the fit of
angular distribution of Kaons from decay
o = KTK—.

meson production
plane

s

® SDMEs are bilinear combination of helicity ampli-
tuds.
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W General properities of helicity
%GHDGS amplitudes

® Fooaiinan = Daoainany T Unpa iy an
T - natural-parity exchange (NPE)(P = (—1)7)
U - unnatural - parity exchange (UPE)(P = —(—1)")

® On unpolarized target nucleon-helicity-flip amplitudes are suppresed. TAvM — TAV 1yl
2 2
Helicity concerving - Tyo, 171, helicity non concerving - To1, 110, 171 -1

The dominance of diagonal transitions is called s-channel helicity concervation (SCHC).
B (Tool? ~ |Th1|? > |To1|? > |Tiol* ~ |T-1-1|>

® NPE (JP =01, 17,..) amplitudes Ty A, (Two-gluon exchange = pomeron, p,
w,az2,...reggeons = ¢q exchange). UPE(JX =0—, 11,...)) amplitudes Uxy ., (a1,
b1,...reggeons = qg exchange)

Y’ o Y o
NN —gPp—
g % % g g dq
P P’ P P’

a) b)
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Hermes Detector was Two ldentical
Halves of Forward Spectrometer

TRIGGER HODOSCOPE H1

FIELD CLAMPS
m = )
FRONT DRIFT CHAMBERS
2 MUON
HODO
\ PRESHOWER (H2)
RECOIL DRIFT\ /
1 PROTON CHA}/IBE\‘RS N === Hadrons
L —
FC 1/2 i ‘E Y
PROP.
LUMINOSITY 21.6 Gev
O+--f=mm— = - - e - - - = == - - - ---------=s =+ ---------~- e R T e =
MONITOR
MC 1-3 e
\ DVC/ = e’
TARGET | AMBDA —
-14 CELL WHEELS BC 1/2
HODOSCOPE HO
BC 3/4 TRD CALORIMETER
STEEL PLATE
24 RICH IRON WALL/
U WIDE ANGLE
~ AGNET MUON HODOSCOPE MUON HODOSCOPES
0 1 2 3 4 5 6 7 8 9 10 m
® Beam e, P = 27.56 GeV/c longitudinal polarization ~ 55 %.
® Target longitudinally, transversely polarized H or D or unpolarized gas target.
® Acceptance: |©,| < 170 mrad, 40 < |©,| < 140 mrad.
® Resolution §P/P < 1%, 66 < 0.6 mrad.
® PID: RICH, TRD, Preshower, Calorimeter.
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f = Exclusive ¢g-meson production at
%e{[DeS _HERMES

® W=30:63GeV,<W >=4.8GeV total number of events ( 1996-2000) W2 = (q+p)?

® 02-10=-70GeV2 < Q2 >=1.9GeV? Q2 =—(k—k )2

® 15 =001=035<ap >=0.08 rp =2

P 0<-t'<04GeV?, < -t >=0.13 GeV? with t/ =t — t,in t=(q—v)?
M% — M2

AE = —53—" with M% =(p+q—pxg+ —Pg-)? and Mx being missing mass, p, 4, P+, P -
e

are 4-momenta of proton, v* and Kaons.

150

750~

Events

100

5001

¢ 50
250t )

-2 0 2 4 6 8 10 12 1 1.05 1.1

AE [GeV] Mk [GeV]
—1.0 < AE < 0.6 GeV, 0.99 < Mgk < 1.04 GeV,

SIDIS background is subtracted using MC PYTHIA -p7A2



f = SDME of exclusive ¢ production for the
%‘GHDGS integrated data

® AN —o¢pandyy — ¢or

[ HERMES PRELIMINARY T2 1 — 0% 7!, oc —Im{r?_,}
: N0, dproton and deuteron, <Q=1.9 GEVAAWS=5GEY | teeerererrurereuieesueeet e eet e et e ra e e rt e e e raa e e et e et e raaaranans,
1-1% [ =p proton, EPJ C 62, 4 (2009) 659 s v .
ok, R TR L=+ |® B, Interference: v}, ¢r
2imi [ Aty VL& yr -\Ve ————— 5 6
%‘1 ISR PRV PR TR ) R e{TOOT* } oxX Re {f)" } oxX _Im{rr }
2/2Rery, B: Interf V08 \Vo -l 11 10 10
ity [ e & o Im{T11T%} o< Im{r{,} oc Re{rd,}
'gmm:iz _ ™ myli1dggy X Imaryg 10
2\/2Rer810 S @+ | a e w e m o E e R RN R RN R RN R R R R R RN R R RN RN R RN R RN E RN R RN R
p —— —— S S —————————— _ _
Zziirr%o L Gy oW T . ® C, Spin Flip: Y — PL
CTO L .. 04 1 2
2Imr§o B [ Re{T1115; } o< Re{rjg} o< Re{rig} o< Im{riy}
e L oy " Re { To1 T, tox 73
Too | :
2Imr§0 N\ T | T01|20C "%0
-1N2 =
\/2:% S D y* ..... VO ....... |_"_.":_—-| ............................................................................... Im { TO].TF]_}O( Im{lr'%o}
A :
\/2-|\/r721:z_1 | h.i.q Im { T01 TSO}OC ?“80
Iyl #
'\/2|er_1 = ..................................................................................
8 [ —_— . .
j;rél N e ® D, Spin Flip: v5 — ér
Vel e
S s —— 5 5 6
il By VY L Re{T10T7,} o< ryy ocry_y o< Im{ry_q}
r : * 7 8 8
Imr:%-ll S ! § § !;i § § § ! § § § ! § § § ! § g Im { TlOTll}“ Im{rl_l} m rll m Tl_l
02 0 02 04 . ® E SpinFlip: v — ¢_r
scale
i 0 i : Re{T) 1T} }oc r9% . oc rd
—> Hierarchy of p* amplitudes: I-1411 1—1 11
* 3
Too| ~ |T11] > |To1| > |Thol 2 |T1—1], Im{T1_177) o< Im{ry_,}
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- HERMES PRELIMINARY
: N0, dproton and deuteron, <Q2>:1.9 GeV2,<W>:5 GeV
1-1% [ =p proton, EPJ C 62, 4 (2009) 659 s v
2l Ay LV0ay Ve -
2mrd, [ YL - VL& YT -V e e
T SRS e T ]
212Rerw | B: Interference y -V{ & yr -7 ﬁ*
221mryg B -
2\/2Imr710 S 1—=|—+
ARerph =
2Rer% Ciyr -\ A
L YT VL :
-2Rer110 et e
2Imr210 B —  _m
1/\/2r%0 B '.' "
T B 4
2Imr310 § A
-1/\/2[%0 S |—|——|
e e T e
ji:é{l N D yL —)VT _._'_.4
Verg | u
v2Imryy | s
-\/2|er_1 =|—|—|
\/Zl’il : I|—|—|
as ==
; 3
r]i'l - E yT —)V(?T . e
7311 B L ¥
Imrl'l P T R T T 155, T T TR T R T T T R T T T
0.2 0 0.2 0.4 0.6
scaled SDME

— Hierarchy of po amplitudes:
Too| ~ |T11] > |To1| > |Thol 2 |T1—1],

SDME of exclusive ¢ production for the
Integrated data,class A and B

® A~ —¢pandi — or

Ty1]% oc 1 — 7“83 X "“%—1 X —Im{fr'%_l}

SDMEs(¢) larger by 10% -20% than SDMES(p°)
111 /Tool(#) > [T11/Tool(po)

B, Interference: 7 , ¢1
Re{TooTy,} o< Re {rfy} o« —Im{rfy}
]m{TllTékO} X Im{"“z()} 8 Re{’l“éfo}

if SCHC holds:

"“%—1 = _Im{"“%—ﬂ’
Re {ri’o} = —Im{r?o}
Im{rzo} = Re{réfo

Phase difference of 771 and Tyo
tand =

(Im{r{y} + Re{rf,})/(Re {r3y} — Im{r{y})
0 = 33.0+ 7.4 deg
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- HERMES PRELIMINARY
: N0, dproton and deuteron, <Q2>:1.9 GeV2,<W>:5 GeV
1-1% [ =p proton, EPJ C 62, 4 (2009) 659 s v
2l Ay LV0ay Ve -
2mrd, [ YL -V Yr o Vr e e
T SRS e T ]
212Rerw | B: Interference y -V{ & yr -7 —
22Imry | iag
2\/2Imr710 S 1—=|—+
ARerph =
2Rer’ Ciyr-\} .
-2Rer110 T '_'_'—m-l—
2Imr210 : . —|-|-|—
W21y, B Y o»
T 4
2Imr310 § A
-1/\/2[%0 S |—|——|
e e T e
ji:é{l N D yL —)VT _._'_._.
- -1 I
v2Imryy | 3
-\/2|er_1 N =§|—|—|
2ré y
8 e Y
RrpE =
* 0 =3
. Eyr-Vi " .
7311 N L ¥
Imrl'l P T R T T 155, T T TR T R T T T R T T T
0.2 0 0.2 0.4 0.6
scaled SDME

— Hierarchy of pO amplitudes:
Too| ~ |T11] > |To1| > |Thol 2 |T1—1],

SDME of exclusive ¢ production for the
Integrated data class C,D,E

#

C, Spin Flip: v7. — ¢r,

Re{T11 T}, } x Re{r%} X Re{r%o} X Im{r%o}
Re {To1 15, tox rdg

| To1|?o< 75

Im { To1 77, }ox Im{fr:fo}

Im { To1 T3, o< 18,

¢ meson SDMEs are consistent with SCHC

Pronounced differences for r5, and Re {r?;}
between p and ¢

7"80 x Re(T11T(y) = |To1||T11|cosdor

’r’go X Im(TllTékl) = ‘T()lHTll‘S?:’rL(S()l

To1](¢) < |Tor|(p?)

To1 ~ 0 in the absence of longitudinal quark
motion in meson.

smaller longitudinal quark motion in the ¢ meson
as compared to the p°
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HERMES PRELIMINARY ep(d) e @ (d)
| —— i
o5t UL=1-rgg+2rye -2rs, -2r,
0.2 F
O % rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
- [
U2 = ri_l + ri’l
0.2
05
I —
| U3 = rj—l + ril
07 08 09 1 2 3 a
Q? (GeV?)

w1 ($)=0.021 +0.071 ¢t £ 0.1595y5¢

® Signal of UPE in SDME method

0-3 = (O) proton (integrated)
e (0) deuteron (integrated)
0.2F }
-] L T
o1 1t } 8
| ! 1
O .........................................................
1 2 "3 4

up =1— 7“83 + 27“5%1 — 27“%1 — 27“%_1,

- 2¢|U10|?+|U114+U_11]?

Test of Unnatural-Parity Exchange for ¢

—Mneson

u1(p?)=0.106 £0.0364,¢ (H+D)

HERMES, Eur. Phys. J. C62 (09) 659.
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&Qmes Summary

The SDMEs were extracted for electroproduction of ¢ vector meson on proton and deuteron at
HERMES.

They are presented grouped into five classes according to the hierarchy of helicity amplitudes.
It was found that |7} 1 /Tpo| for ¢ meson is larger than for p® meson.
The violation of SCHC by SDMEs is not seen for ¢ meson.

To1| is very small for ¢ production - smaller longitudinal quark motion in the ¢ meson as
compared to p° meson.

The UPE contribution is not seen for ¢ meson production.
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