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Experiment Strategy

*11 and 8.8 GeV electron beam, transversely polarized 3He
target

* Measure the single target spin asymmetries (SSA) of dihadron
production, 3He'(e , e'n*n)X, in deep inelastic scattering (DIS)
region

« Map the SSA data in a 4-D space of X, Q4, z n*n-and M_n*r

Then
 Extract neutron SSA, need to correct the contribution from
proton
« Combine with world data of dihadron fragmentation functions
(DIFF) to extract transversity, h;.

Future
« Combine with transversity from transverse proton target
experiment (SoLID E12-11-108 or CLAS E12-12-009) to do
flavor separation



n(e, e't*n)X kinematics
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How does SSA relate to transversity?
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This is what we proposed

to measure ...
dihadron fragmentation function

(DIFF). Fitting from e* e
annihilation data of Belle



Current DIFF

Fitting from the Belle asymmetry, A.Vossen et al (Belle), PRL107 (11)
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Why DiFF

The Collins mechanism

J. Collins, NPB396 (93)
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TMD factorization

The IFF mechanism

Collins, Heppelman, Ladinsky, NP B420 (94)
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Existing data
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Data under analysis
PHENIX data on pp collisions

R.Yang, Beijing Transrv'ersigr'll'brkshop (08)
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J.":'!..U-[_ o as function of z

Predicted A in this experiment

Aqr 4 as function of Mh
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Flavor separation
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Transversity extracted via DiFF using HERMES proton data and COMPASS
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Tensor Charqge

COMPASS data on proton and deuteron target HERMES data on proton target
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Silvers Asymmetries

x and z dependence of Sivers asymmetries, calculated for 11 GeV date set
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“T" and "R"” denote SSA corresponding to the Sivers type modulation of the total
and relative transverse momenta of the hadron pair.

“Cut” denote additional cuts on the momentum of =*: z ,>0.3,P ,,>0.3 GeV.

Thanks to Hrayr Matevosyan



SoLID, in SIDIS configuration
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Electron will be detected by either FAEC (8°-15°) or LAEC(16°-24°)
Hadrons will be detected by FAEC

Trigger: electron + 1 hadron coincident

Energy threshold: FAEC = 0.8 GeV, LAEC = 3.0 GeV

15 pA beam current, 11 and 8.8 GeV beam, Luminosity = 1036 (n)/cm?/s



6 (deg)

B (deqg)

B (deqg)

Kinematic coverages

e:bvs P

25

20

15

10

IIITIIIIlIIIITIIIIlI

16

14

I|IIITIIIIIIIII|I

n:avs P

10°

10°

10°

0.6

0.4

0.2

en'"—se'nt' X

M,..

1.5

0.5

0.4 06 0.8

Q2 >1.0 GeV?

X >0.05

W nfn > 2.3 GeV

z nnw > 0.3

M n*n > 1.414 GeV/c

104

10°

102

14



Binning information

9 bins in x, 5 bins in Q% (GeV?/c?)
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This is the binning in the Lol. Plan to split the large x bin into 2 bins.
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Event rates and requested beam time

Process Rates at 11 GeV | Rate at 8.8 GeV
n(e.e'n*) 1.87 kHz 1.21 kHz
n(e, e'nt) 1.05 kHz 0.61 kHz
nie,e'n™) 0.87 kHz 0.56 kHz

ne, e'7tn™) 0.26 kHz 0.08 kHz

Rates are estimated with PEPSI code, the same one as CLAS12 E12-12-009, but
different from the model used for E12-11-006. The single hadron coincident rate in
PEPSI model is about 25% higher.

Time (Hour) | Time (Day)

Production on Pol. *He at 11 GeV 1152 48
Production on Pol. “He at 8.8 GeV 576 24
Dedicated Hydrogen run at 11 GeV 84 3.5
Dedicated Deuterium run at 11 GeV 84 3.5
Dedicated Hydrogen run at 8.8 GeV 36 1.5
Dedicated Deuterium run at 8.8 GeV 36 1.5

Other reference cell runs.
optics and detector check 72 3.

Target Overhead: spin rotation.
polarization measurement 120 5.
Total Time Request 2160 90 days

Beam time request follows what's proposed and approved for E12-11-006
16



Projection
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Projected statistics
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Systematic errors
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Summary

*We are proposing to measure the SSA of SHe'(e , e'n*n)X in the DIS region
with 11 and 8.8 GeV electron beam, using SoLID.

 This experiment will be run with already approved SoLID SIDIS program,
E12-11-006, which will measure transversity via single hadron channel. No
extra beam time requested.

» The neutron SSA will be extracted after making correction for proton
contribution and nuclear effects.

* The transversity distribution, h;, will be extracted via DiFF, which is
extracted from Belle e*e- annihilation data. Currently no low x or high x data
availabe.

*This experiment will provide precise measurement of tranversity, especially
In high x region. It therefore will provide crucial impact to the DiFF. It will
also provide better constrain to the tensor charge.

« Combining these data with the results from a transversely polarized proton
target in a similar x region measured by 12 GeV CLAS (PR12-12-009) or
SoLID (E12-11-108) will provide a unique possibility to extract, in a model
iIndependently way, the u and d transversity distribution.
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Back up



Dihadron cross section
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What are DiFF

describe semi-inclusive production of hadrons P; and P> 2R 2R
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From Marco Radici, QCD Evolution Workshop, 2013
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results for unpolarized DiFF D11

* 40 (z) X 50 (M) X 4 flavors X 4 channels = ‘ 32000 bins
0.2<z<1 2m<Mp<1.3Gev (u,d,s,c) (0,®,K°decays+
continuum)
Bsosnin symmetry + @ u=u d= d s=5 c¢c=¢
charge conjugation (except KO — U'TT)
* parameters 17(continuum) + 20(Q) + 20(w) + 22(K°% =|79
¥?/dof 1.69 1.28 1.68 1:85 1.62
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more details in
A.Courtoy, A.Bacchetta, M.R., A.Bianconi, PRD 85 (12)
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fitting the Belle asymmetry A
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Single-Spin Asymmetry (SSA) in SIDIS

A.Bacchetta, A. Courtoy, M.R., PRL 107 (11)
A.Bacchetta, A. Courtoy, M.R., JHEPO3 (13)
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TAC Questions 3 and 9

3. Like all SIDIS experiments, factorization is required for a clean inter-
pretation of the measurements. There s much evidence from eristing JLab
data at 6 GeV that factorization holds for single pion electroproduction {in
certain kinematic reqgimes). There is no such evidence to two-pion production.
This proposal would benefit from a discussion of some ancillary measurements
that could justify the assumption of factorization.

There are already CLAS data for dihadron events at 6 GeV (see for ex-
ample EPJ Web Conf. 73 (2014) 02008). Factorization has not been checked
explicitly but the analysis through the usual collinear factorizarion gives rea-
sonable results (up to extreme kinematic conditions) as it can be seen in
arXiv: 1405.7659. We want to point out that, contrarily to the single-pion

case, the usual collinear factorization applies here.

9. The ®He polarization is sensitive to small gradients in the magnetic field
around the target. While the fringe field of the SoLID magnet will be heawily
shielded and 1s expected to be about 5 G at the opening, additional shielding
around the target may be necessary for marimizing its polarization.

We totally agree that the *He polarization is sensitive to small gradients in
the magnetic field. The target can be operated if the gradient 1s below about
30 mg/cm. During the operation, we will put correction coil pairs to correct
the fringe field and its gradients from the CLEO magnet. These correction
colls will suppress the gradients by a factor of 2 to 3. With a thick end cap,
gradients of the CLEO magnet at the target area can be reduced to about
50 mg/cm from a recent estimation. Correction coils should be able to bring
them down to an acceptable level.
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TAC Questions 4 and 5

4. Related to the above comment, it is stated that a cut of M, > 1.414
GeV' (the mass of the undetected hadronic system) will be wused to avoid the
resonance region. While this has been shoun to be adequate for single-pion
production, this has not yet been demonstrated for two-pion production.

The cut in the missing mass 1s actually meant to avoid the EXCLUSIVE
region (the "resonance” referred to 1s just an outgoing proton), so that's still
justified for 2 pions as shown on Fig. 22 of the proposal.

5. A great deal of the proposal discusses the formalism for semi-inclusive
two-pion production, and its relation to transversity. However, a discussion
of relevant physics background processes is lacking, e.q., production of vector
mesons that decay into =+ /7~ pairs.

In the partonic picture for the process of di-hadron electro-production in
SIDIS, the active quark fragments in two hadrons. The fragmentation process
15 embedded in the di-hadron Fragmentation Functions. Contributions to this
fragmentation come, for mstance, from a quark fragmentating i a rho meson
that then goes into 2 pions. In our present understanding /modelling of that
process, the pion pairs actually come from contributions of a quark fragmenting
m a vector meson that then decays mto two pions as well as contributions
coming from a non-resonant fragmentation process.

Since SIDIS kinematies are applied, the exclusive limit (e 4+ P — e + P +
7+ 7) is excluded from the analysis —through the cut in missing mass dis-
cussed in point 4. However, we are aware that the study of such hmits can
bring important information on hadronic mechamsms, and we consider 1t as
a possible development of the di-hadron SIDIS analysis performed at 6 GeV,
even if no theoretical framework has been pointed out yet. In that exclusive
limit, we think that the pion pair will be produced by gluon exchange with the
VM component of the photon. To our knowledge, from the theoretical side,
there 1s no evidence for a dual interpretation of the 2 mechanisms.



TAC Questions 6

6. Table 2 in the proposal lists the expected signal rate (an electron in co-
incidence with two pions) as well as the rate for single pion electroproduction.
However, this is insufficient to really estimate the expected signal to background
for this measurement. For example, one imagines that the probability to pro-
duce a single pion va (e, e'm) could easily form a random coincidence with the
photoproduction of another pion.

In the di-hadron SIDIS process, we expect to measure scattered electron,
one positive pion and one negative piron simultaneously. The comncident back-
ground can be divided into these 4 components: 1) (e, e'77 )X coincident with
sigle 7 ; 2) (e.e'm ) X coincident with single 77 ; 3) (e, ') X coincident with
nta~ pair; 4) (e, e’} X coincident with single 7+ then coincident with single
7. We estimate the single pion rate using the WISER model. These rates
can be found mn Table. 1.

Process Rates at 11 GeV | Rate at 8.8 GeV
single e~ 110 kHz 160 kHz
single 7 2.9 MHz 2.5 MHz
single m~ 1.8 MHz 1.5 MHz
(e,e'm™) 1.05 kHz .61 kHz

(e, e'n™) 0.87 kHz 0.56 kHz
(e.e'mtm™) 0.26 kHz 0.08 kHz

Table 1: The estimated comncidence and single rates with 11 and 3.8 GeV
electron beam.

Since SOLID vertex z resolution 1s about 0.8 cm, using a 3-0 cut, reduction
of the coincident probability over the 40 cm long target is 6 x 0.8/40 = 0.12.
Taking 2 ns comeadent time window, the coincident probability for single 7+
(component 1) with 11 GeV beam energy 1s 0.0007, the coincident probability
for single 7= (component 2) is 0.0004. We do not have a model to estimate
the rate for 77~ pair production, but this rate mmst be less than single 7+
rate. The contribution from component 3 1s estimated to be less than 0.0007
and from component 4 15 extremely tiny, 3.0E-7. The total accidental triple
coincident probability for 11 GeV beam energy is 0.18%. A similar caleulation
with 8 GeV beam energy gives us the accidental triple coincident probability

of 0.16%.



