3.1 Kinematics and Formalism : /T

v /Ur(k) + N(p) — 7= /7T + X | W

N X

define 4-momenta in the Lab. frame and Lorentz invariant variables
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¢ T he kinematical region

We divide the kinematical region into three parts depending on the
hadronic invariant mass W'.

W=4q M+ M;~1.4GeV -.- RES (Resonance Production)
[} ... DIS (Deep Inelastic Scattering)



¢ T he total cross seciton
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¢ T he kinematical regions

0.8
0.6
04 |

0.2

O QE |
A RES (W<1.4 GeV) |
x W>1.4GeV, Q°>1GeV’ .

2 2
o®
* W>1.4GeV, Q <1GeV L x X X XiZﬁo
X XX XX OAND
XxxxixxxixxAAO
XXXxXXXXXXxXAAO
XXXXXXXXxXXXxxAAQ
XxxxxxxxxxxxxxAAAg
Xxixx§x§XX§xxxﬁﬁﬁO
SRR R RN Y
*XXXXXXXXXXXXAAAAA )
***XixxxxXXXAAAAA b
EELALLAMARALARR O
*XX**AiﬁﬁﬁﬁAﬁﬁﬁA ¢
 LAAARAATATTARTY R
0.2 0.4 0.6 0.8 1

X

5

T T T T T T T T T T T T T T T T

O QE
A RES

x W>1.4GeV,Q*>1GeV’
* W>1.4GeV,Q’<1GeV’

AN X XX
X s X3¢ IRXKKKH XK
XX XA XX
ﬁxiixxxxXXXXXXXXXXXXXXXXXXXXXXWA O

X X
X XOOKRXHK
G OOSEIRIHAKTAS XXX g kIR
‘ X ‘ X




¢ T he spin polarization of 7

- Y
define the spin polarization vector of
P
5§ = E(sin COS 1, Sinfpsinw,», Coslp)

X

P =1 fully polarized ]

P : the degree of polarization { P =0 fully unpolarized

The spin polarization vector is related with the spin density matrix
R,y (X :7 helicity in the Lab. frame):

dRyy 1 (14 Pcos Psintpe™® dosum
dE-dcos 2\ Psintpet 1 — Pcos dE-dcos6

The density matrix could be calculated as

R)\)\/ X ZMAM; = WILW (dO‘sum = TI’[R}\)\/] = dR‘I"I‘ + dR__).



¢ T he spin density matrix in the Lab. frame

dRy - G% pr (QE,RES,DIS)
dE.dcost  4xME, py

(Gp : Fermi constant)

¢ T he leptonic tensor

e for 7~ production, =
(the leptonic weak current)

1 —
= ur(k', \)* 275 (k)
\/QEV(ET — pr) (Sin%, — cos%, icos%, sin%) (A=+)
\/QEV(ET + pr) (COS%, sin%, —1 sing, cos%) (A= -)

e for 7T production, —
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\/QEV(ET — pr) (— Sin%, COS%, z’cos%, —sin%) (A= -)




3.2 QE (Quasi-Elastic Scattering)
vr4+n— 7" +Dp, 177+p—>7++n7

¢ The hadronic tensor (QE)

2
coOs< 0
Wi = ©S U,

spins
(the p «— n transition current)

(+) (i)*

S(W?2 — M?) (6. :the Cabibbo angle)

I = @) In)) = @) T un(p)
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nip
p/aju):@%(p)u p(p)) = <p(p)|J In(p))*

M= L ) + TS )+ B ()

2M
(p+7p)
+ Y FA(QQ) + TMF:%A(QQ) + %FP(QQ) 5

(FY, 5, Fa, F5' and F, : form factors, &= pp — pn)

These form factors are determined theoretically and experimentally.



3.3 RES (Resonance Production)

‘V7-+n/p—>7'_—|—A+/A++, 177-—|—p/n—>7'+—|—AO/A_)

¢ The hadronic tensor (RES)

(RES) _ cos.2 0, S MAaAT A
w spins . V Q (WQ Mg)Q T MiFQA
(the currentinvr+n—7" 4+ A )
Jy = <A+|fu|n) = " T aun (7 :the spin3/2 particle wave function)

(AT Tulp) = V(AT [ Tuln) = V(A | Tulp) = (A7 [ Tuln) )
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- oY () + 2

Pda JuaP 4 — Pufa du9a
Mpo= |22 Oy (¢7) + 2P P oy () 4 By (49) |
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3.4 DIS (Deep Inelastic Scattering)

vrtq—14+¢, Urtq—TT 4+

¢ The hadronic tensor (DIS) using the quark-parton model

(DIS)

_Z/ qu(§7Q2) K,L(quq)(pCDQ)

-
. ¢ . the momentum fraction of quark
and nucleon (p; = £p)

f7.5(€,Q%) : the parton distribution
N b functions (PDFs) for each flavor

(the quark tensor)
Kﬁ%’@ =6(2pg-q— Q%)
X2 [—QLW(pq - q) + 2pqupqv F ieumﬁpg‘qﬁ + (Pguav + quCIV)}



3.5 Polarization of Produced T
v+ N—7"4+X E,=10GeV

4 [ ] 1 r 0.06 T T
[ ] [ (o}
35 ] E =10GeV, 6=10
E =10GeV, 6=0° _ _ o v -
v 08 1 E=10GeV, 6=5 A 0.05 | N ]
o~ 3 [ — < [ [y
% ] % [ > // \\
Q ° S o004 | / \ ]
B 25 r 7] B 06 L | ~ ) / \
o \% . [ g_ / \ o
o @ — = / \
g 2t 1 2 % 003} / \ ]
O O r 8 / \
st 1 204y s / \
S S — / L o002} / \ ]
=) ) r / = / \
s 1 1% ool e 3 /
. B v .
[ r Pid 0.01 + / B
L ] - /
0.5 : p ] - /
T —— - ] - /
O L - P i A | ] 0 e T | | | | | 0 el | | | | |
2 3 4 5 6 7 8 9 10 11 2 3 4 5 6 7 8 9 10 2 3 4 5 6 7 8 10
E, (GeV) E, (GeV) E, (GeV)
1 e R 1 F ——.A____________________\___/——-ﬁ 1 (=S S [P S S A S s i S N
08 f TN ] 08 f ] 08 | ]
\\ L
0.6 F \ . 0.6 F . 0.6 F :
o \\ o ¥ al
04 F \ ] 04 [ . 04 [ .
\ L
02 F \ ] 02 F . 02 [ .
\/ r
0 ot 0
1 Lo T T T T =T T 1 Lj"——.l_§\\ 1 G\ T
05 f ] 05 f RN ] 05 | RN ]
[N o [ \\ o \\
~N
% of 1 % of N 1% of N ]
8 8 L \\\ © \\\
-05 | 1 -05 | N 1 -05 | SN 1
L ~ \\
_l L L L L L L L £ _l . L L L L L L \\\\O _1 L L L L L \\O
2 3 4 5 6 7 8 9 10 11 2 3 4 6 7 9 10 2 5 6 7 8 10
E, (GeV) E, (GeV) E, (GeV)



o Polarization of the produced 7=+
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