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4. Frammentazione in 2 adroni: e+te- > h, h, + X a NLO, LL, t=2
— Di-hadron Fragmentation Functions (DiFF) — extended DiFF
9. DIiFF polarizzate: analisi in twist; spin analyzer della polarizz. partonica;
— Single Spin Asymmetry (SSA)
6. Fenomenologia delle SSA: modelli di DiFF; confronto con dati

sperimentali preliminari da HERMES (DESY) e COMPASS (CERN)
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1. Jet Calculus

2. Frammentazione in 2 adroni ; Erammenttazpne In 1Zad(rjon?].
3. 2h SIDIS . Frammentazione in 2 adroni

Frammentazione in due adroni in Jet Calculus

al:

nl,n2,n3

process

Y . .
BP0 = | dy BN @ B2 () © By, @ Bl(Y —y)

Y Yo %l‘g&\

“XOu=p h,

D25 25 V) = EJV2(Y) @ DUTM (29, y0) © D27M2(20,50) +EHY —yo) @ DY MM2(2q, 25, yo)
Pavia 4/4/07 M. Radici - DiFF 3



1. Jet Calculus
2. Frammentazione in 2 adroni
3. 2h SIDIS

1. e+te-—>h, h,+X aNLO
2. DiFF
3. extDiFF

Di-hadron Fragmentation Functions (DiFF) e spazio fasi per la
frammentazione in due adroni

D7M2(51,25,Y) = EY2(Y) @ DM (21, 40) ® D272 (20, 40)

Lol ‘ na—hiho ¢ ‘
]\J(\ +E; (Y —yo) ® D™ 7172 (21, 20, 40)
Q{Z/
d ) —> — — 57
d—YDz h1h2(217zzay) — r)k) hl{Zlay)®Dl hQ(Z'Z)Y)@‘,TgZ
W +DF MR (21 25, V) © Py
iQ'i'\)‘Q\
h h
/ O(a?) | A| B
O(ay) | A [A+B
O b
/ a
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1. Jet Calculus
2. Frammentazione in 2 adroni
3. 2h SIDIS

1. e+te-—>h, h,+X aNLO
2. DiFF
3. extDiFF

A,B indistinguibili in zona kin. b a NLO O(a)
dO'NLO — ZdANLO D2—>h1 X Dj—>h2 _I_ ZdANLO ® D’I:—>h1h2

Z [da(o) + == (dh(l) 4 f?’J)] R Dz—>h1 ® Dj—>h2

1,J
d“(l) DZ—>h1 Dj—)hg |
+y > ® ® w
] L/
+Z [da.(o) + == (da.(l) + f; )} Di—:»hlhg
DN = YD, {dg(m et A(l)] DiFF sono necessarie per
j cancellare singolarita quando
DNy = Dicngn, ® |d58” + 22 a5 gladdronl prodott I(ﬁa frammentazione
S Dy ® Dy 2_dﬁ(1) | due partoni collineari
JFE de Florian e Vanni, P.L. B578 (04) 139
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1. Jet Calculus
2. Frammentazione in 2 adroni 1. efe'_)hlh2+x aNLO
3. 2h SIDIS Z, IR
3. extDiFF
Ma dati sperimentali sono spesso DiFF (M)
s ep — e’ p?+ X no eventi elastici
Cohen et al., P.R. D25 (82) 634
" nr 1 E.=11.5 GeV 1<Q2<6 GeV?
5 | | z>0.4 2.8<W<4.2 GeV
5 ok 20000 |
2T | 15000 |
I'JJE IZI!-L EI!.E- IJ.‘IE 1.IIZI 1:1 IL‘. 1uuuu [ 2
mmmiGeW :
— FI(. 5. wre— mass distribation after removal of the !
clastic cvents, ¢ oourves wope deternt ne r The tir- . 5000 ¢
I.ilng pm:ed:m: ge]:::;rl‘!md it the _:m.- A bthet //-
~ sy o el =
0.4 0.8 0.8 1 1.2
ept = e’ (n"n’) X PYTHIA output a kin. HERMES M,

Q2>1 GeV?2 0.023<x<0.4 W2>4 GeV? no eventi elastici e diffrattivi
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1. Jet Calculus

2. Frammentazione in 2 adroni 1. ete-—>h;h,+X aNLO

2. DiFF
. 2h SIDI :
3 SIDIS 3. extDiFF
% & correlatore quark-quark non locale
d'¢ d'P _
| BB = i/ S Ty € OLOIPL. Po X (P Pa, X0
|
k § % e = CiMp+Co P, +Cs R+ Cul + Vi, — o0 PUEY + — — o0, RP'E
+E0MVP}I;RV + WPY%”VWVPLP{RPA’G
hermitianita + inv. parita; inv. T-rev. — =0
inserendo A;, A — color-gauge inv. fino a t=3 Bianconi et al,
. P.R. D62 (00) 034008
i ! A(kr, P, R) :/ko“A(k,_Ph_,R) P
Er "
T > détd d P
- i | % & O U g VIOIPr P X)
§+

<P1:P2:X‘w() 0.~ o0 Ui6.50)10) |e-=0

ma analisi in twist inalterata: proiezioni a t=2 definite semi-positive
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=P,

1. Jet Calculus
2. Frammentazione in 2 adroni 1. e = hyhy +X aNLO
3. 2h SIDIS 2. DiFF
| 3. extDiFF
1] ! +
AT = — [ dk* Te [PA(k, Po, B)] |-

4z

t=2 A[f}/_] :Dl: ® — Q

O

Al'l (z,C,k+?,R%,k1-Ry)
= A"l (z,6,M,2,¢,k+?)

t=3 All=F
| ?,JR.’J_} D<§f
A= S
EZJkJ n
D
ag9q i Mu [Br g Ap)
T 22Q | My, 2
P9 =

Pavia 4/4/07

o

/z

S

52 M2+M2 _ Mh
R o= (1_02(1“) h—(l—C)Ml—(1+<)M2}
M2 — M2
Ph-R = =< > =
2 2 2
P,k = qf+ K +r)|kT|
(MPQ AlQ) Alg ;:QI k 2
R-k = > 2 +ng—kT-RT
- = = By
z  z1+ 2o
c o= S AT Bacchetta e Radici,
! 2 P.R. D69 (04) 074026
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1. Jet Calculus
2. Frammentazione in 2 adroni
3. 2h SIDIS

1. ete-—>h,h,+X aNLO
2. DiFF
3. extDiFF

Frammentazione in 2 adroni ~ collineari con dipendenza da M;,
h1

selezioniamo kin. b
h1 h2

termine A
Ry R; “semi-hard”

~N__1 / DD
AWOO Oéskl'i,%

. K HDI$:> h1

" R, termine B
I]I]Ii:> h2 RT soft ~ QO
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1. Jet Calculus
2. Frammentazione in 2 adroni
3. 2h SIDIS

1. ete-—>h,h,+X aNLO
2. DiFF
3. extDiFF

Evoluzione di extended DiFF (extDiFF) < DiFF(M,)

—h1h _ pai,a h h
D*7M2(21,20,Y) = E;1 Q(Y)®Dalﬁ 1(z1,y0) ® DY27"2(25, y0)
Ea(y 0) @ DV=MP2 (0 an ye)
7\ Lo 15725907
= [dR —E"’l"l2 Y) ® D41~ Da2—h2 0(v., —
=B = TR Y)® (z1,%0) ® (22,90) 0(yr — vo)
S8
+/ dR2 E{(Y —yo) ® D*1M2(2q, 25, RZ, 40) 0(yo — yy)
ravi 2\
nz—>h1h2/~ o P2 VY — _oNT/ T)bl—>h1(~ w2 D22 o Yo P oo EIY — u.)0(u iy
\~1s "‘Z"“T7 L ) 27_(_ R2 s 1yyTI) & 7 \~ZLy YT ) & b1b2 At A gr v\IrT YU,
a—>h h 2 a
— | E (z|7327}%T7 y()) % Ez E§ ?303 é (@O yT}
1 048(@%)
yr = ——lo 0
27Tbo as(RT)
1 as(R?)
dy, = ———T>dR2
o RT T
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—

Jet Calculus 1. e+e-—>h, h,+X aNLO

2. Frammentazione in 2 adroni .
3. 2h SIDIS 2. DIFF
3. extDiFF
d

DRy ) = DR, Y) @ DR, Y) 0 B

+DE=hh2 (51 20 V) © Py

igmh]hz( R2.y) = pk—hiha( R2. YY) &P
9 9 T - ) ) T? 1

extDiFF = DiFF (M,? <> R;?) : scala soft R;? rompe la degenerazione A-B
evoluzione semplice come fattorizzazione in 1 adrone
teorema di fattorizzazione come “ * * ° con stesso kernel

dO'NLO
dz1 dzo dR%

Ceccopieri, Radici, Bacchetta, hep-ph/0703265
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1. Jet Calculus
2. Frammentazione in 2 adroni
3. 2h SIDIS

1. ete-—>h,h,+X aNLO
2. DiFF
3. extDiFF

Polarized extDiFF

ry — = + Bianconi et al,
/dk A 4z /dk Ir [FA(k’ Ph, R) 'k—=Ph/z P.R. D62 (00) 034008
[F] (z,C, M, 2 0,

O
1 € Rpiky;
A[’ 7s] — L 'g j%f_ Gi_:

A['icr'i’_ vs5] €T kTJ L
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1. Jet Calculus cinematica
2. Frammentazione in 2 adroni SSA
3. 2h SIDIS modelli di DiFF

confronto con dati HERMES
confronto con dati COMPASS

Sl

2h Semi-Inclusive Deep-Inelastic Scattering (2h SIDIS)

A Dy | HY
\‘ ) A ’ T D= & — - — © - | t—
Lty e i - (naive T-) chiral-odd
pr/\ : Tle da dy dz de% p : chiral-odd
— — 1 h1

S

P P f=(e) ftrasversitd - (3)-

asimmetria in
cos¢ = cos(pg — (br, + g))

= cos(r — s, — (9n; + )
= sin(¢r, + ¢s,)
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1. Jet Calculus
2. Frammentazione in 2 adroni
3. 2h SIDIS

Sl

cinematica

SSA

modelli di DiFF

confronto con dati HERMES
confronto con dati COMPASS

Cinematica 2h SIDIS

R q R o — —
qg=—|| g=k—Fk
4]
Py — P
P,=P,+P R= 12 2
_ (@xk) (@x9)
Cos¢g = 5w Bl 17w g sin ¢g
ARaNEL] B L ARad
COS¢pp = (?X’i)-(‘{x #T) Sin ¢
g x k| |g x Ry

Pavia 4/4/07

Ll |

51

806
(353 2?(@/7/’7
%,
7
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cinematica

SSA

modelli di DiFF

confronto con dati HERMES
confronto con dati COMPASS

1. Jet Calculus
2. Frammentazione in 2 adroni
3. 2h SIDIS

Al

Single Spin Asymmetry (SSA) in 2h SIDIS
do
do dy dz dM? dpp,

doy, — + B(y)'T”T'sin(¢RT+¢ST);e§hf{(:c> HP (2, ¢, MD)

~—_

\)

P

T fv‘_A \ /7 N nadrs »14—2\
= i ‘quA’y Ji\x) D1(%z, G, Mp’)
q

SN @Ryt 1 do! — dol 1 doyr
ur sin(og, + ¢, Ydo! + dot sin(¢p,. + bg,.) dogys
_ B(y) X € M) H7 (=, ¢, M7) i
DIz, (M
Vs ARSI e (hyhy) (') + X

Jaffe, Jin, Tang, P.R.L. 80 (98) 1166 ' — 4, Boer, Jakob, Radici,

Radici, Jakob, Bianconi, P.R. D65 (02) 074031 P.R. D67(03) 994003
adici, Jakob, Bianconi, P.R. (02) o da modelli
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1. Jet Calculus cinematica
2. Frammentazione in 2 adroni SSA
3. 2h SIDIS modelli di DiFF

confronto con dati HERMES
confronto con dati COMPASS

Al

Espansione in onde parziali

2h c.m. frame
P, C = (21_22) / (Z1+ZZ) = a(M']aMZ,Mh) + b(M1,M2,Mh) COSG

‘/% DiFF(z, {(cos0),M,?) = X, DiFF,(z,M,?) P, (cosb)
P, -

o DiEGME) = DYz, MR)

/dcose — 1
... dcos@ ... + D7’ c 1 ]

HY — [H7" (2, M) 4 H2-c050)

—_— X A naive T-odd da Final-State Interactions (FSI)
Pﬁ% | P&l — interferenza tra canali in diff. di fase
A

de . _
— : Wﬁ%ﬁ%ﬂ?ﬂmﬂﬂ?ﬁﬁw
) k + ~ |(m7e) =) {(m) =4 + [(m7) 1) (7)o
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1. Jet Calculus 1. cinematica
2. Frammentazione in 2 adroni 2. SSA
3. 2h SIDIS 3. modelli di DiFF
4. confronto con dati HERMES
5. confronto con dati COMPASS
. . . ’ +_- (80,64
modelli pubblicati ept — € (n*n") X o o).
(Jaffe, Jin, Tang, P.R.L. 80 (98) 1166) oot ﬂ
« interferenza s-p da scatt. elastico n-n Yol
solo phase shifts; cambio di segno da ReJp] ool :
-0.3
—0.4 . . ]
0.5 | : ]
(Radici, Jakob, Bianconi, P.R. D65 (02) 074031 ) 0% '0;5;‘517- ‘ bls‘"’bl.g‘,;‘i‘ ‘
« modello spettatore P
interfe% g:g;g_ HERMES PRELIMINARY ; B A Y
+ | bandeini | 1oy :
§50.03¢1 * * d
< (.02 F
— 0,04 ;_ * —0.005 F
0E- -
E'”'”‘ Aotk A 001 Lw
pvanderNat§ ooy 1 b e
3 L <P Ao g
DIS2005 E:; i o1 %2 Trento Conventions — x (-8/1) b 'd.%‘z‘d.'vld.%'s%.%é‘bié T

0.30405060.70.809 1 1.11.2

M_ [GeV] [ Bacchetta et al., P.R. D70 (04) 117504 ] M, (GeV)
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cinematica

SSA

modelli di DiFF

confronto con dati HERMES
confronto con dati COMPASS

1. Jet Calculus
2. Frammentazione in 2 adroni
3. 2h SIDIS

Sl

Modello a spettatore upgraded |P;, Py, X) ~ |(x 77 7) , §)
[ Bacchetta & Radici, P.R.D74 (06) 114007 ]

1. background = q — m*m” X, no resonanza — real s-wave channel

2. Q= p X, =TT X, X=X, =X3=X,=X
4 WX =TT X p-wave channel = coherent sum [2.+3.+4.|
4. q— w X, - 1t (0 X,)
- — Warning: w — [(1T 1), 24 7]
X4
j> max number of (Tr*117) pairs in s-p interference ~ Zm [ p-wave channel ]
k2 /\2 T T
parameters s-wave  fye R/ L
[fo BW(MZ, myp, Tp) + fo BW(ME, me, Tw) 5 O
-wave -
P + fuws ] dp_o BW(M3,., me, M) e RIS -
q
3. ~. /
Nojp = 0ty 27 (1= 2) 500 1k
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1. Jet Calculus
2. Frammentazione in 2 adroni
3. 2h SIDIS

cinematica

SSA

modelli di DiFF

confronto con dati HERMES
confronto con dati COMPASS

Sl

Fit delle distribuzioni in M,, e z dell’'output di PYTHIA a HERMES

20000 |

15000 [

10000 |

5000 ¢

0.4 0.8 0.8 1 1.2

as = 2.598 4+ 0.051 GeV?2
Bs = —0.751 4+ 0.008

N 102 laWaYay:
E—— Ys — —VU. 193 £ 0.004

p
f()—06352|20026
fws = 450.83 £7.02 mg = 2.972 £ 0.04GeV

Pavia 4/4/07

2.+3.+4. p-wave

Bacchetta & Radici, P.R.D74 (06) 114007

25000}
20000 |
15000 |

10000 |

o —

0.2 0.3 0.4 0.5 0.6 0.7 0.8
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1. Jet Calculus 1. cinematica
2. Frammentazione in 2 adroni 2. SSA
3. 2h SIDIS 3. modelli di DiFF
4. confronto con dati HERMES
5. confronto con dati COMPASS
HERMES 6.6% scale Q2>1 GeV? s=56.2 GeV?
PRELIMINARY uncertainty 0.1 —
0.07 : p— T 1T
e HERMES PRELIMINARY P ]
I 008 rmym |/
0.04 £
L0.03E + * 0.08 [reduction= 24%
< 0.02F
0.01 £ * 0.04}
U Lol =
'U'[” E E scale unu:-erta:nltlg,lr”IH“hmII . u DE [
2 osf . = i {058
“osfF ? . * d04
0.7 E = :Erneﬁ:u:t 0.4 0.6 0.8 1
ﬂﬁ oyl el gl s
{r:ﬁ{nmﬁnau?nsuiqjé;{:]: ASU]Q‘( ptés) (b [M))]) = fbln h h’
fbln th 2Mh fO.Q dz
0.25 o Strat
0.2 Hor Soffer et al., Korotkov et al.,
0.15 e P.R. D65 (02) 114024 E.P.J. C18 (01) 639
0.1 }— wak Wak
nos | | | . : Schweitzer et al. Wakamatsu
04 06 08 1 1.2 P.R. D64 (01) 034013 P.L.B509 (01) 59
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1. Jet Calculus cinematica
2. Frammentazione in 2 adroni SSA
3. 2h SIDIS modelli di DiFF

confronto con dati HERMES
confronto con dati COMPASS

Al

COMPASS deuterio Q?>1 GeV? s=604 GeV?
0.2

02 ' ' ' ' ' — Strat
£ | 2002-2003 data
l i 0.004<x<0.4 j[ e
- Schw
] 0 —
0l 1 ﬁ{ﬂﬂﬂ{ HH‘ — Wak
‘_ o { -0.1 ]
01 preliminary
052 04 06 08 1 W:?;“L:T:ﬂ 04 06 0.8 1 1.2
M, [GeVic’]
0.2 ; ; ' ' — Strat
Joosten — DIS2005 0.1 0.03<x<0.4 Kor
. . . o 0l Schw
simmetria d’'isospin in d={p,n} T e  Wak
é[4u(m) —d(z) — u(z) + d(z) =~ %f% =t ]
_ _ 1 .
+4d(2) - u(@) - d@) +3@) 1 ~ —ong T T
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