Back2back di-hadron production
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Semi-Inclusive electroproduction of two hadrons @

ep —e it X — x-Feynman «controls» the hadron origin
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Xp1 > 0,xpp > 0: fragmentation
of one single quark in the two
final hadrons ,dedicated
(Interference) Fragmentation
Functions. - See A. Courtoy talk

XF1 > 0, XE2 < 0: the two final
hadrons come from two different
(but correlated?) quarks
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Di-hadron SIDIS: back2back configuration @

x Feynman (n*) vs x Feynman (n')

o how the remnant system o
dresses itself up to become a
full-fledged hadron?
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o correlation with the spin of
the target or/and the
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produced particles 02
o control the flavor content of pT 08, - o = — oL o o8
the final state hadron in '
current fragmentation . Goal -
(detecting the target hadron) i’;ﬁgﬂr i
o study correlations in target vs (qQ)
current and access
factorization breaking effects Gyal
(similar to pp case)
(qQ)
o access quark short-range Qoal 5

correlations and ySB
(Schweitzer et al)
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back2back electro-production
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b2b SIDIS cross section and structure functions
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b2b Structure Functions

Fuu =Cl[u1Dq]

in(c — P, ||Py; A P
I’El{?(d)l ¢2) _ | || | C[WSHJ? Dl] 1
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D contains Dy, HlLé 1 hadron
unpolarized and Collins
Fragmentation Functions

M contains Fracture Functions
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b2b Beam-Spin Asymmetry: experimental signature @

[der oLy
Aru(xg,z1, &2, P1,, P3|, Ag) =
( 11 21 ) qubz ouU
Structure Functions
y ya—4% it A Fru,Fyy * Pj1-P |y =
LU = — Sin
(1_y_|_y72) Fuu |P1||P;| cos A
_P1LlIP2] y(1—%) ClwslihDy] dnag 7 Sindecosig
myimy (1 —y+ 3/2_2) C[fllD]]
This series of sin(nA¢) terms, with n=1,2,..., in azimuthal

. . . - . . 2 2
modulations is typical of A;y and would be a clear signature of ALU (XB. Z1, ﬁ,’g P'I_J_’ P2J_. ﬂ.gb)
its presence; such terms originate from a correlation between the

quark transverse momentum k| and the hadron transverse mo- ~ A(xp. 71, {2, P2 . P? ) sin Aqb
L : . 1L 21
mentum P- |, resulting in a long range correlation between Py,
the momentum of the hadron in the CFR, and P, , the momentum Blxn.z1.05. P2, . P2, )sin(2A
of the hadron in the TFR, which yields a specific and unambigu- * ( B <1 (2- 1L JJ-) ( gb}
ous dependence on ¢ — ¢,. As the higher terms in n originate s 2 2 .
from higher powers of P1| - P, we expect the first few terms in T C(XB' Z1. €2, P'U—' PZ-L) sin(3A¢)

Eq. (20) to be the leading ones.
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Preliminary extraction on elf data: ep » emr"m~ X @

at least one m™ and one ™~ (multi-pion case: all the possible
two-pion combinations considered)
Liquid-hydrogen target H,

DIS cuts (Q? > 1 GeV? & W > 2 GeV) are applied
Beam energy: 5.5 GeV

nt from the Current Fragmentation Region, 7~ from the Luminosity: 21 fb‘1
Target Fragmentation Region

exclusive events are removed through a cut on the missing

mass 12-GeV xr coverage
x Feynman (n*) vs x Feynman (r)
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Beam-Spin Asymmetry: first observation @
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Modulations observed as the theory
predicts ->sin A¢g, sin 2A¢ dominant
terms

Present statistics should allow to explore

A;y dependence on prq, pro — effect
should vanish as they tend to zero
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Back-to-back pion and proton: ep - eprr*X @

(In CLAS kinematics) proton is more likely to come from target fragmentation

x Feynman (n*) vs x Feynman (p)
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Binning

Variables of interest for a possible binning:

o z to explore the fragmentation function -
comparison with single-pion measurements of D,

O Ppr1, P12 ~ kinematical suppression of the
asymmetry at low transverse momenta

Frv,Fyy < P 1P,
= |Py||P,| cosAp *

O Xp
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Back-to-back pion and proton: |pr1||pr2 |distribution
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Back-to-back pion and proton: |pr¢||pr2| dependence @

Expected dependence of the sin A¢p moment on
|p7r1||PT2| Observed on data:

oo PP ;
Fsin( dz):| 1L 2J‘|C[W5H‘hD1]

o kinematical suppression at low |pr1||Pr2| LU MmN

o almost linear dependence

o 2D binning (Ipr1||p72l1, 2) = z-dependence of D, 0150
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Back-to-back pion and proton: |prq||pr2|vs. m, . +x @
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Back-to-back pion and proton:|pr4||pr2| vs. m,,,+x cut @

0°

| o removing the

removing the exclusive region removes the . exclusive T~ peak

highest |pr1||pr2| region, without affecting
significantly the form of the dependence

— a more linear behaviour is recovered
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Back-to-back pion and proton: xz dependence

1D binning on xp doesn’t show any
strong dependence since it integrates
over a wide pr product range

— test of a 2D dependence
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Back-to-back pion and proton: xg-gap = xp (") — xp(p)
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Back-to-back pion and proton: xp —gap dependence @

o strong dependence on the product of pr of
the gap — high gap region corresponds to

low pr product, and so the asymmetry =0.15¢
moment is low -
0.1—
0.05—
. '
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B ]
~0.05— *
o achange of sign is observed when the 01—
distance among the particles on xf goes -
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xF gap

o need theoretical understanding

o asymmetric cut on xf is being explored
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Dependence on a symmetric x gap

X Feynman (n*) vs x Feynman (p)
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Back-to-back ep - epnt™ X: |pr1||p72| ON NH3 (egldvcs)
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Ipr1||PT2| dependence on hydrogen vs. NH3 @

o Good agreement of 4, dependences between data on hydrogen and on a nuclear target

o Other observables can be accessed on polarized NH3 data, as Ay, A;; — extraction of
different combinations of Fracture Functions and Fragmentation Functions
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Back-to-back ep — eprt* X: |pr41||p72| ON H2 (€16)

: Parallel analysis by Harut on
| €16 data set:

o different target position
with respect to elf (- 4
cm instead of -25 cm)

o different torus

O coverage extended to
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| The measurements on the
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Back-to-back ep — epn=/°X on H2 (e16)
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Back2back SIDIS in other CLAS 6-GeV data sets

Different 6-GeV data sets potentially interesting in dh
analysis with

o different target positions
o different magnetic fields
o the presence of the Inner Calorimeter
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el-f: unpolarized hydrogen target @-25 cm
el-6: unpolarized hydrogen target @-4 cm
el-dvcs: unpolarized hydrogen target @-57 cm

egl-dvcs: longitudinally polarized 1*NH;target
@-67(-57) cm
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Conclusions @

3ica Nucloare

A brand-new observable is being explored at CLAS - novel beam-spin asymmetry in
back2back di-hadrons SIDIS

Correlations between target and current: correlated (qq) pair present in the nucleon

CLAS 6-GeV experiments have a good coverage in xy - back2back di-hadron configuration
can be accessed

preliminary analysis on elf data shows sensitivity to this phenomenon - non-zero Ay
observed

Analysis of the missing mass dependences provides insigth on the effect of the different
contributions (p, A)

CLAS 6 statistics can provide a pioneering exploration of the A ; dependence on the
kinematical variables of interest (mainly pr4, P12, Z, Xg). However, 2D mapping is essential to
disentangle the different effects

CLAS12 high statistics will provide a full, multi-dimensional mapping of these dependences

Thanks to Aram Kotzinian and Christian Weiss for all the useful discussions
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Selection of semi-inclusive events

missing mass of the e " 1 X system vs z
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A coverage @

o el-f: unpolarized hydrogen target

o el-6: unpolarized hydrogen target
@-4 cm
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Target Fragmentation Functions @
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Figure 3: Feynman z distributions normalized to the number of scattered muons measured
by EMC [19] for positive and negative hadrons. (a) 7™, K*, p and A, (b) 7=, K~, p and A,
(¢c) K= and (K°+K")/2. The curves represent the predictions of the Lund model.
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Structure Functions
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