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We need transversity:

* it completes the parton structure of N at leading twist

Distribution Function in quark-N helicity basis (Jaffe)

DF(, @) = a(z, Q701+ Aq(z, Q)o3os+ da(, Q) [ @0 o @oy
} } }

f, 91 h,

We like transversity because:

« transverse spin is related to helicity flip, suppressed in pQCD

LIT)~1+) £ | } do, — doy oc (o) + (][4
do, jroc (L/T| ... |L/T)

chiral-odd nature is a quantum L R
mechanical effect related to soft physics ;
and (possibly) to dynamical breaking of @ G

chiral symmetry



cont’ed

* h,(x,Q?) = g,(x,Q?) in nonrelativistic theory, where g, = 1!

h - @ _@ g = @ _@ difference = info on relativistic dynamics

of quarks in N

* N0 8g = No mixing with gluons in evolution

= non-singlet DF-like evolution of 6q = h;,

» tensor charge hasy = 0
(PSlalic%sq! IPS) g2 = 25" [ do [h{(2,@2) - h(2,@?)] = 25'{(@?) ~ (109 @*)™"

i

» tensor charge is C-odd = does not couple to quark-antiquark, gluons,

singlet DF = more valence quark-like content of h, ?

* inequalities: |h(x)| < f,(x) (positivity) ; [2h,(x)| < f,(x) + g,(X) (Soffer)

- from lattice: % h,f= 0.562 + 0.088 (Aoki et al.)



How to extract transversity (at leading twist) ?

N e
no inclusive DIS Al
Double Spin Asymmetry — —
» polarized DY (Ralston-Soper’79): p'pt — 1T 1" X B — ;
j/—— o(p'p!) —o(pTpt) _ sin?6,cos2¢; 2ye5 e2hihy o | o
T — T VAVAY
Tt Tl 1 > S
o(p'ph) +o(ppt) 1+ cos?6, Zfeff{fl ) } b
but h, for antiquarks in p presumably small — =

ept— e ATX |(E704 S BRI
« Seminclusive A production : ppt — AT X RHIC | Al |
P00 P £
Dy = o(pTAT) — a(pTAY) 157G nr 2fephiHy VaVaV SASAS
a(pTAT) + o (pTAY) Do f e]%f‘lfD{ p t ? Tlp
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but low rates and Hi®=| ¢ — (] =1} — () ?1 P P



in seminclusive DIS {pq, ky, kq} not all collinear

p

Pr

= transfer q' not to h' final hadron (DSA), but to orbital motion of h

= SSA with intrinsic P, , dependence not integrated = Collins effect

/ p / v
-7k asymmetry In
k j\// %tb . Y o Y .S
T

or SSA with higher spin in final state, e.qg. p (see later)



Experimental situation
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Asin ¢h

HERMES kin. setup:

s 4 M2 1
|ST| =S|n9~J x(l—y)w—
SY
|*L| 2M2x
L =cosf~1-— (1 —vy)
SY
_ s
Ty and ¢5 = 0,n

do =dogs + S, dog, (twist-2+twist-3) + S; dog(twist-2)
J dBy. Tl sin gy, {ldo () - do(p)] + [do (") — do(pH)])
(4P, {ldo(p~) 4 do(p)] + [do(ph) + do(ph)]}

- P _
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f dPh_]_ dO‘OO




dO'OO 47TO£28 D =0
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Collins effect with transversely polarized target : ep? — €’hX (or ppt" — hX)

scatt. plane /

hadron plane

now ¢g # 0,

leading twist:
d6aOT 2a2s | & { : [ETE o L =5
5 = Tgr 15Tl (Bly)sin F ha(z, 97) Hy (2,
drdydzdpgdPy | w (¢ + és) e 1(z, pr)Hi (2, k7)
. D" 'B ~ —
+A®y) sin(dp — 6)F L= fir (e, 57) D1 (2, k7)

Collins effect
Sivers effect +B(y) sin(3¢, — ¢)F |... hip(z, P3) Hi (2, k3)| |



[ dpsdPy,  sin(éy + ¢5)(do(ph) — do(p4))
[ dpsdPy | (do(ph) + do(pt))

[ dpsdPy, ) sin(éy, + b5)do oy
[dpgdPy do,,,

with ¢ = ¢,+¢g, does not break the convolution F[...] (unless assumptions
on p; —and k; — dependence of DF and FF, typically of gaussian form)

<Sin ¢C>OT(CC7 Y, Z) =

Need SSA like (Boer & Mulders)
1P| .

(1)
~  B(y) Zfe%zh{(az) HlLf (2)
, , p— S

<

* need to store P, , bin by bin

 beyond tree level, because of P, , — dep., soft gluon contributions do not
cancel — resum them in Sudakov form factors, that largely dilute the SSA
for |P,, .| < Q? (Boer,02)

» evolution of h, and H,* (gluonic poles)? — affect evolution of SSA
(Boer, Mulders, Pijlman, '03)



Collins function H,(z): i T O — ? T O

chiral odd and [(naive) T-odd | if no (h — X) FSI, then (sin ¢c) = 0
also sensitive to gluonic pole

= model H,* requires modelling FSI of h inside jet
(Bacchetta, Kundu, Metz, Mulders,’01 & ‘02)

H,- is the prototype of Interference Fragmentation Functions

getitfrome*e” —» nt 1= X
¥y ed Hy ' (1) Hy/ (22)

(cos 2¢) ~ —
¢ €3 D{(21) DY (22)

seen at DELPHI ; possibly at BEL

But : .

(Sudakov suppression)? beyond tree level (Boer,’01) >

« asymmetric background from hard gluon radiation and weak decays



Naive T- reversal transformation

|a> = ®—. system with some spin and momentum
|-a> = <—@ flipping spin and momentum

i >, |f > initial, final states of the system; T trans. matrix; T-rev. — |T; |2=|T4, |?

naive T- reversal transformation : T,

no FSI= |i>< |f>; A=0; T-rev. = naive T-rev.

A= T [*- T |?
FSI=[i> = |f>; T-rev. OK

but A=0o« Im|[Born x rescatt.” |

<



= SSA with two unpolarized hadrons inside the same jet — “?” effect

(again, suggested for the first time by
Collins, Heppelmann & Ladinski, ‘94 ;

/T p but no analysis of new fragmentation
/ structure nor quantitative calculations

- see also Ji, ‘94)

asymmetry in
sing o« P;xP,-S;

again, no FSl — (sin¢ ) =

(Jaffe, Jin, Tang, '98) :
> 1 X)out out{Ts X| could wash Collins effect away

FSI from interference of L=0(c —» ) and L=1(p — n n)

10
2x | m o, X){m m, X| ~ (0 7)) (70 1) =q| + [(70 1) op){(70 7)o = DOM’ T DMO
fragmentation in helicity basis collinear ep’ — €’ (n*n”) X

Asinq& o |§T|h1(£)( 3 OlDOl
—:j><'® O )

%)01
( ) D = |Sr|h1(z)dqr(2) f(67" (M ))
MM’ ¥ MM’ collinear factorization ok, but not general !

I\Dlr—i



Fragmentation q — (h,, h,) X with unpolarized h,, h,
(Bianconi, Boffi, Jakob, Radici, '00)

hadronic 2MWH* = /dp‘dk+dETdﬁT 5(Pr + @r — kr) Tr [By* Ay

p+:1:P+
tensor

k™=P, /z

4 4
A(k,P,,R) = I/ M dPX e®€ (01 (&)| Py, P2, X )(Py, Py, X|1(0)]0)

= CiMy+Cs Py + Cs Rt Cu b + 70, PLK + -0, RAEY
h

Ph=P1+P2 Mh
R=(Py-P2)/2 + g, PER 4+~ “ YRk
v V5€uvpo”
2R R M My e
H Ph&})l

Pl

ZXPz .5 from hermiticity + parity invariance

‘ A | ] hermiticity == C, = C; , i=1-8
k% | %lk Time-reversal = C,=C", ,i=1-4 C,=-C’, ,i=5-8

noFSI=C,;=0 — C;4generate T-odd functions



Color gauge invariance ? (Boer, Mulders, Pijlman, '03)

% & % & insert all A" and A; gluons makes
the nonlocal g-q correlator color

gauge invariant up to twist-3 (1/Q)
k § {ik kﬁ ﬁw

At leading twist :

A(kr, Py, R) = /dk+A(k:?P,“R) F—
d€+d§T d PX ik
i/ vt <0|U%O=€]U[+—oo,g (&) |Pr, P2, X)
A <P17P2aX|¢( ) U —o01U10,00110) | 6= =0
St
-

projections are semipositive definite in Dirac
space — probabilistic interpretation




|

Leading-twist projections : A() = dk™ Tr CA(k, Py, R)] ‘k_P_/z
T h

4z
5 O
AV ) = D= e —
O
1) _ )
A( 7)—€TRT;]€TJ Gf— G;: [ — —-/E:"\ — | - — /Q“‘\\
Mh kh_ _,f} (\ux’j /
(Xeg eijkT-
A( fd) - I_E\lthf_+ K i O \ / ® O \
ij L - O
ARy s OO
M, 1
D,, G, chiral-even ; H’s chiral odd ; D, T-even ; the others T-odd
P RP2 =& (1-8) M2 — (1-£) M;? - £ M2
L A) o fdk* dk™ 6 (k™ - P,/z) ... £=P, /P,
< Py =0 bl
P,2=M2 = 5 indep. variables
P,2=M,?2

A1) (z, &, k%, Ry?, Ky - Ry)



quark chiral basis : P, Pg, v with P .=02yFy* Pg,= 72 (1 £ v5)

- 1 o
A(Z,f, 7R%a (I)R ) — —/dk_l_/dkj" A(k,Ph,R) ‘k_zph_/z

1
= ~!D g “~t
e+ B
- 3 ™~
. |R
. |T|H<1 )

D1 i <62¢R )
M,
AT =A% Ryl
Ny ( —zchFi H3 > N
- |Fir| -
Ryl .. 4
bounds: D1 >0; Dy > H;
Similarly Mp, %/ ; K\
f,(X)+ A S, —iS,) h W ]
o (xs)= | X190 |(S,~1S,) hi(x B
(Sx *iSy) hy(x) ‘ f,(X) - Ag4(X) J Wava¥ o
;p ‘ p-r
\ S, ;
/ A(y) +2C(y) |0 |0 —B(y) —[ CI)% P
doed\ 11 _ 2042 0 010 0 1
dy ),, Q% 0 0|0 0 Aly) = 1-y+y2/2
—B(y) 0]0[A(®W) —AC(y) /] C(y) = (2-y) y/2 >|




each |.F.F. can be decomposed as :

FF(z,¢, k2, R2, k- Ry)

FF(z,¢, k%, R4, (k- Rp)?)

ET'RT - — — —
+ =5 FF(s, k2, R4, (kr - Rp)?)

ij 1 ij g
/dET...eTRTHQ’ TRT prd

Mh 1 Mh 1 o o o
1] pJ
_ ephyp e 1o
= HY+ Hi°
1) pJ
— GTRTHQ
M, 1



hadron plane

e pT — e, (h1 h2) X scatt. plane /

(Radici, Jakob, Bianconi, '02)

leading-twist full do

do
drdydzd¢dM?de 4do
. (dot\97
= ®pp(z,5) < d ) /Aq’q(z’g’Mf%’(bR)
pp
2a

Q2 {A(y) f1(x)D1(z,¢, Mh) + X AC(y) g1 () D1 (2, €, Mh)

So||R,| .
+80) H i sin(, 4 0,9 by () 7 o6, 01D)
* only ¢ needed
4sing [ déd . dE sin(pg + ¢ ) [do(ph) —do(p*)]  * no P, dependence =
T [ doodo odE [do(ph) + do(ph)] collinear factorization

Sudakov f fact
— |S IB(y) Zf hf(x% H<If(z ? NO SudakKov 1orm ractor
A(y) Zf ffl (3:. 1(271\7}%*

Hf(fR)(Z, M7) most general !




ep” — e'(nn) X (HERMES) (Bacchetta & Radici, in preparation)

1/Q contributions :

no contamination with
- twist-3 projections @), Al') >| Sivers-like effects

« kinematic corrections (~ 1/Q) from “T-frame” boost to “1 — frame”
P.=P, =0 P=q,=0 (ar=-P,./2)

* “leading-twist” quark-gluon-quark correlators @), : A, "
(D - _ (Dgl + (DD . 4.{2:'.;1 ;._,"};:“l;\ 1,1 P, 4‘“, p;.:}:‘.‘\;j P

Ap = A5+ A 0 AN

: R
A*Nr ~ | B(y)IS; || il Zeﬂthm‘

|RTM

+V(y)|S, )|

|



twist-3 projections : () _ i At
AD = f dk* Te [CA(k, Py, B)) |- _p .
] EZJRJ
r=1—-E chiral-odd T-even L~ T p<
(IR =y — Mh chiral-even T-even
T’)/ T Gﬁr ezj‘k
| Y5 Mh h I T dd T™T DJ_ .
F=yys—= it chiral-even T-o My, =i Y5 — 0
5 TMTGL [=c"— 0
h

'=o*— H chiral-odd T-odd F=oi— HY  chiral-odd T-odd

N\

T

- Mp+/2 ‘R)
/dkT A[F] — A(ZagaMf?aqu) = 4};62\[ {E+ %Dq +U+ H+756T]’\Y/Ih & G{i

quark-gluon-quark correlators : <

- M, (R .. R . ~i,. . R E_ )+t
A%(Z,S,J\J}%,qﬁR): h{ L pd+ L T75GQ—E<E—2H>—Z,Z]\Z qu W %

22Q M, ?

with D9 = D —zp3M E = E-»-D
%9 — 9 _ Lt M 9 ~ h

GY = ¢ 2G7 ZM Hy 7 = H+2: HJ_(l)



LO evolution of H,9)(z,M,?) similar to h,(x) (Boer,’01)?

Situation complicated by presence of two hadrons in final state and by effect of
gluonic pole ( U*/ U links needed in SIDIS / e*e")

No factorization proof available for |.LF.F. (is it possible beyond 1/Q? jet«jet ?)
still check “universality” of |.F.F. from e*e- — (nn) (nn)X ?

. , P P
(Artru & Collins, '96) P@ jth hzﬁ P
BB

A
WHY 3/dETdET5(ET + k1 — qr) k|t L
q_
x Tr U dk Ak, Pj, R) ‘E+=P];L/z AV AVAY YAVAWY
. ) fl VTE
X/dk A(k,Ph,R)‘k—:ph—/z'y ] —
A

A parametrized as A , but for antiquarks 1&’_ | %X/Pl
2R\ P/

h

« collinear factorization — no (Sudakov suppression)? as in Collins effect
« possibility at BELLE ; no asymmetric background from hard g expected



e'e” — (n* n-)jeH (n* Tc-)jetz X

(Boer, Jakob, Radici, '03) h,
;/E;‘ éﬁ
"'E’ e”
leading twist ¢ '
hz lepton frame K‘?
/
lab frame
2
C_ZU_Q _ = 6%%32 {...+cos(¢r+ ¢, —2¢)
dzddM2de pdzdEdMjdp pdgrdyde; Q

. . [wiE?
xB(y)|Ry||Rp| F M. M +}
“Artru-Collins™ azimuthal asymmetry o

| Rldg,dedd dEdT, cos(py + b, — 2¢) do
| Ride ,dede  dEdT, do

(1) — 2M,MLA(y) > e2 D! DI SIDIS

_ w52
AH(y7Z7M]’%7Z7Mh)




But also (at leading twist)...
do 602 - =

5 R p— — = 22232{---+A(y)|RT||RT|
dzdédMPdpdzdEdMyde di,dyds, @

| _ . = GiGy
X [Sm(ﬁbl — ¢p + @) cos(p1 — ¢, + &) F {h ckph - kg M;%M%
-+ sin COoS }—VL g ]
+ cos sin 73[5 h ]
+ cos cos Flg g ]”

s : , h = ﬁhL : §i = b/
longitudinal jet handedness azimuthal asymmetry g

_ cos2(¢p — ¢ QG ek

Aol e MRz Ty = (0520 =0) 1 ¥y GioGio

(1) 4M2M;, >jes Dy Dy

J-f

where Gio(z, M2) _/d§d¢de RpR, GE (2,6, k2, R2 &y Ry

N.B. : unique case with chiral-even IFF and long. polarized fragmenting q
In fact /dqudek G1(z,€, k2 RQ k, - R,.) = O by parity invariance !



Analogy

|.F.F. jet handedness (Efremov et al.,’92)
. . ~ N N
1 __ 1 o __ Np T )
G;‘sziRTj G = kp X R Gy longitudinal D = N+ N, o< P;

NR/LHP;T:LXPE;TQ'F 20

(if provided) universality of I.F.F.

ep~ — € (nm) X e'e” — (nn) (n m) X
doox{... F[g,G*+]...} A; ~ G+ G;t deviation from data
@ related to CP-violating
= effects of QCD vacuum?

handedness correlation
- NRL-I_NLR_NRR_NLL pQCD_> C<O

" Nap Nipt N+, G818 = G201
(Efremov & Kharzeev, '96)

ep’ — e (nn) X

do o {.. F[grr Gt 1.} m=p [ OXG(¥)=-gy1(0) =07
violation of Burkhardt-Cottingham

sum rule?



T (a.u.)

i = 0.25
unpolarized (h,,h,) = (n n), (1 K), (K K) 0325 | -5 total |
0.2 ]
0.175 [
[hy g, X) ~|(hy hy) ) + [(hy hy)oy) + . 0.15}
0.125
L, 0.1 ¢
(Bacchetta & Radici, '03) 0.075 -
0.05 | J
0.025 ©
c.m. frame kinematics ¢ Y N Y
0.2 04 06 0.8 1 (Ge\/)
P12= M12 y P22= M22 y P1+ P2 - Ph=(Mh ,0) y P1= 'P2=R
C.1m.
IR|= Y5 [ My2- 2(M,+M,)2-(M,2-M,2)2/ M, 2]"/2 b
IR;| = |R]| sin 6 — 0

P, A

E= (My+ [ M2+|R|12 ]Y2 - [ M2+|R|2 ]'/2 -2|R| cosb) / 2M,,
=a(M;,My, M) + b(M{,M;,My) cosb



IFF(z,£(cos0),M,2) = >, IFF,(z,M,?) P, (cos0)

n o polarization i(k) partial wave
I|:Fn <~ I|:Fik 0 1 no 0 S
e b 1 cos 0 longitudinal L P
‘/\f 1 sin 0 transverse T p
P, -
By 2 (3co0s?%0 — 1) tensor (i=k=) L (I=I'=) p
4 5 2 o |Rrl )
D1,50(2, M) ‘1|'D1,OL(27 Mj)cost +| ie RTfh sind
2 2
A Dy, (2 M) 1(3 cos“f —1) X (HEOT(z,M,f) + HﬁLT(z, M?) cos 9)
=%
aq IR
—ie_“bR%sin ’ Dy, (2 M2) +Dy (2, M?)cosf +
h 1
2 2
< (B (2, MP) + HY (2, M7) cos0)| P1.,,(2 Mi) ,(3¢0s70 1) )




Ay ¢(2,&(cos b M2 = Z Dgr g 2, M?) P,(cos @
n

L’L * _ L’L 2 LLJ‘
Aqa’q M'M 4?TYLMYL"M’ = Aqa"q M'M z,Mh DMM’ H,QSR

( A L,L LIL \
N T/ MM Bt ) v
(_I’q M'M - g L/L N L’L
Dt +)

0qr flor"
(Jaffe)

spin 1
p—TT
(Bacchetta
Mulders)




Two different |.F.F. isolate transversity

do
d:cdydzdfdMngdequ
/
. do €4 qq IL'L
pbp

_ 2a S+||R
2a” B( )I STl| R|
Q% My,

sin 6 sin(¢, + ¢) hy(z) (Hf{OT + Hf{LT cos 9)

S

(m 1) =1 <> (n ®) =, interference

(T ) 2o <> (m ) =4 interference (Jaffe)

= single-particle spin-1 fragmentation : p — (n n)
= LO evolution similar to h,(x) ?

=- similar content of Collins function H,* (z) ?



Model realization of I.F.F. : spectator model (Jakob, Mulders, Rodrigues, '97)
Spectator model (Radici, Jakob, Bianconi, ’02)

R, ZU{}MIq;[k—H—Pz)EEkE:mﬁ}
[ \\ Oiky) ¥ - ¥
| A : —5 kh_mt‘i') ‘:2 )3 {{]hﬁ[{])'ﬂ 1 :q}‘c g, m ,f |¢{{])|U}
| =§(ki —m2) A
k { S \ : Al — Eiy o 3
8(1 — 2}(P1 + Pa)~ k2=t .|.,_,m_..|.EIL

R

I
a

a /&
oy

L=

Im()—

- i el . ' —I-h.{:.—l-...
- g - L= |
¥ k! a s !




" Feynman” rules

agymptotic ~ (1 — 232977 = {1 z)~3+2a+21a4] (Joffe, Khoze, Lipatov)

. : 2 _ 122
cut off large virtuzlities — A fragmentmgquark = 2k mi LML

units from [ [ d*ky d®R) D1 (2,€,k3 k1 - B1)] = Cgff-shell spectator>

T 1
i T :qu i ;-"i.'r:k, k— Pr
: A2 — A% 1
y Ar =04 GV ~ ZgrNN
(Jakob, Mulders, Rodrigues)

Iy "3

(X7 = forn Ry

!
:
;
’
=
:
:

{Joffe, Khoze, L ipatuu)

p i
resonance (S, = r—n! (o + Bt s r, = e (1 2 )

Py —mg+im T h

_fE
fezn — 984 £0.50

el — —o " 5 Ay =0.5GeV
k2 — AZ|

=




Input parameters from : phenomenology (m, m T’ ...)
spectator model (A_, A, mq)

qnq vertex strength N, from “Goldberger-Treiman”
(Glozman et al.,’98)

2 A\ 2 2 o
Irag  _ QLA Mq ) 9zNN _ <§>2 (ﬂ)z 14.2 = 0.67
4 9N my 4 5 939
1% T \2 [ oA\ 2 2 V2 T 2 2 340\ 2
(9pqq + 9pag)” _ 9_qA Mg\ 9pNN [ 4 g/‘)/NN _ <§> <ﬂ> 0.55(1 + 6.105)2 = 1.31
4 \QN my 47 gpNN 5 939
= N, =0.715 N, Hp. 1:~0.15

Then qgpq vertex strength N, from [dz z D,(z) < 1 < Hp.2: ~ 0.5
(mp-Fnghgmpﬂ“p)

Im(p propagator) ~ m_ I', — T-odd I|.F.F. Re() ~ (M2 —m ?) — D,

Spectator modelatLO: <H,1 =0 « flavor symmetry

D77 (.&...k Ry) = Dy (LE.. .k Ry) = Dy (.(1-€).. .k (-Ry))
But then [d¢ ddg dky “ “ “ — DU (z,M,2) = D97 (z,M,?)




ep’ — e’ (n" ) X atleading twist with m -I' <M,<m +I"|

(Jaffe, Jin, Tang, '98) 04 T.(‘.S‘.”,‘Sﬁ). —————
Aggqﬁ - 2. f e%hJi(m f(567.77;51m) _ §§ : fﬂw
> f 3 fi(z) (sin© 657Dy "(z) + sin“ 077Dy " (2)) 0
- no calculation of 5q, (z) :8& ﬁ
* 5,p stable particles :8:?1 :
 Im(interference) from n-n phase shifts only 05 ¢

0.5 0.6 07 08 09 1

- . M, (GeV)
(Radici, Jakob, Bianconi, '02) Hy COs 03 per

ol

Zfe% fdxh{(x)fdzHQf (z,]bf}%)

Asm qb(]V[Q) 1(R) :
> f e% [dx f{(a}) [dz D{(z, ]W}g) —0.005
uncertainty band from Hp. 1 and 2 for N, 001
and from different models for f,, h, :
—0.015
* f1, hy from spectator model 0.7 0.720.74 0.76 0.78 0.8 0.820.84

- f,, g, from GRV98 & GRSV96 with g,=h, or h, = (f;+g,)/2 M, (GeV)



Conclusions
extraction of transversity:

* DSA seem less favourable at present; SSA more promising
* when SSA beyond tree level, Collins effect very involved — better study

azimuthal asymmetry of two unpolarized hadrons in the same current
fragmentation region — |.F.F. (possible at HERMES, RHIC, COMPASS..)

« present data use longitudinally polarized targets — require twist-3
calculations — complicated extraction of h,; wait for data on transversely
polarized targets ( test model calculations of |.F.F. )

l.F.F.:

» some theoretical issues still to be solved (factorization ...)
» get info from e*e” (BELLE)

* interesting connection with jet handedness

 azimuthal asymmetries relating G,* to g, and g, (explore CP violations from
QCD vacuum, violation of Burkhardt-Cottingham sum rule)

Fragmentation functions Database (Jakob,Radici)

http://www.pv.infn.it/~radici/FFdatabase
(linked from CTEQ and Durham web pages)



