(ﬁ,& Transverse Momentum Dependent PDF in DIS
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Let's kick from side

Instead of turning the table,
try to polarized transversely.
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(ﬂ,?). Transverse Momentum Dependent PDF in DIS

 PDF with transverse spin

- Helicity and Transversity
 TMDs in SIDIS

» Experimental highlights from HERMES &
COMPASS

« COMPASS I
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(ﬂ, Helicity and Transversity
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(ﬁ, DIS cross section & virtual Compton amplitude
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%Transversity in SIDIS
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%Azimuthal angles in SIDIS
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(/2 Azimuthal angles in SIDIS
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(ﬁ, Polarized DIS experiment

The HERMES spectrometer
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Internal gas targets: Forward magnetic spectrometer
* Longitudinally polarized H, D * Momentum resolution 7-2%
* Transversely polarized H « Particle identification:
% {ngnpolarized H, D, “He, N, Ne, Kr, Xe RICH, TRD, H2, calorimeter
S

Y
S. Yaschenko, Overview of recent HERMES resuilts 4 <)

Beam 26.7 GeV pol. electron/positron

Target 1996-1997 Long. H
1998-2000 Long. D
2002-2005 Trans. H
2006-2007 unpol. H
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COMPASS

COMPASS

« high energy beam
- large angular acceptance
« broad kinematical range

two stages spectrometer
Large Angle Spectrometer (SM1)
Small Angle Spectrometer (SM2)

variety of tracking detectors SciFi Straws

Silicon SDC
Micromegas MWPC
GEMs w45

to cope with different particle
flux from 6 =0 to 6 =~ 200 mrad

Beam
Target

160 GeV pol. muon
2002 - 2006 Long. + Trans. °LiD.
2007 Long. + Trans. NH,

2010 Trans. NH3
2011 Long. NH,



(ﬂ, HERMES pol. target system

#» atomic beam source

= pure gas target, no dilution

® transversely pol. hydrogen
polarization ~ 75%

® 90s flipping time = small systematics




(ﬁ,COI\/IPASS pol. target system

YAMAGATA UNIVERSITY:

Solid polanzed target operated

in Dynamic Nuclear Polarization technique
with a dilution refrigerator

FT magnet:
=+180~-180 mrad geometrical acceptance

To match larger acceptance:
=3 target cells: reduction of false asymmetries

Target:

—=>NH, for proton , °LiD for deuteron

= longitudinal & transverse mode available
=>very long relaxation time (- 4000 h)
—*magnetic field rotation without polarization loss
™ Middle || Downstream - Polarization of NH, -92%, +88%, -83%
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(ﬂ, Sivers & Transversity
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%Transversity: Collins asymmetry

Quark Collins
Transversity Fragmentation

—— b Q- OHO-O

qg-pair with vacuum
quantum numbers (?P-state)

mmu @ @ + H,>0
— . )
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(/> Sivers and Transversity
S ®D,~sin(¢—¢)

PRL103(2009)152002
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(ﬂ, Extraction of Transversity

M. Anselmino et al., arXiv:1303.3822 |
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/5 Sivers f1-®D ~sin(¢p—¢)

|A. Martin, DIS2013 I
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Results for 4, ,s(@~¢9 COMPASS - HERM!
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(/5 Mulders-Kotzinian hi ® H, ~sin2¢
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(ﬂ, Mulders-Kotzinian
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(/> Boer-Mulders hi ® H ~cos2¢
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(/> Boer-Mulders hi ® H ~cos2¢
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(ﬂ, Boer-Mulders
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(ﬂ,Boer-Mulders hﬁ@HlLNCOSZ¢

L|6D target COMPASS Deuteron
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(/5 Beyond twist-2 TMDs

YAMAGATA UNIVERSITY:

SIDIS x-section

A.Kotzinian, Nucl. Phys. B441, 234 (1995). Bacchetta, Diehl, Goeke, Metz, Mulders and Schlegel JHEP 0702:093 ."Eﬂﬂ .
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(/2 COMPASS i

New programs (COMPASS ll)

approved by CERN Research Board in 2010

« Polarized Drell-Yan measurement 2 20
TMD PDFs - beam with polarized proton target
* GPD measurement U+ - beam with liquid hydrogen target
Transverse |mag|ng ) ﬁ 2015 - 2016
* Pion and Kaon polarizability
. . m, K (u? beam with nucleus
Chiral perturbation theory iage

With a upgraded COMPASS spectrometer
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(ﬂ,Single pol. Drell-Yan and TMDs

The LO expansion of the single polarized Drell-Yan cross section is

~

do ad cos ¢ cos 2¢ -
dqdQ " Fq " {(1 * Nawte) 2 mw) P AT L(BM), @ (BM),
+ ‘ET‘[A;M" SN @ « A, (1), @ (Sivers),

N D[szﬂ](ﬂ;m{1¢+¢.g 'sin29+ gg) e AP L(BM), ® (Prerz),

+ A sin(29 - ¢6) ) 1} « AZ20979) - (BM) _® (Trans.),

A : azimuthal asymmetries :: convolution of
D : depolarization factor
S : target spin component

45-”: part of the cross-section surviving integ

F- 4\/(11, -P,) - MM} .T[
|
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(ﬁ,COI\/IPASS Il : Drell-Yan setup (¥ Chiosso DISZ073)

YAMAGATA UNIVERSITY:

* Large angular acceptance spectrometer
e 1- beam at 190 GeV/c with the intensity up to 1x10#2 particles/second

e | arge acceptance COMPASS Superconducting Solenoid Magnet

* Transversely polarized NH, target working in frozen spin mode with long
relaxation time

* Hadron absorber downstream of the target

e A detection system designed to stand relatively high particle fluxes

* A Data Acquisition System (DAQ) that can handle large amounts of data
at large trigger rates

e Trigger based on hodoscope signals coincidence, homothetic and poin-
ting to the target




(/2 COMPASS I : Drell-Yan setup

- Entire target system will be moved to upstream

- Modify pol. target cell to have enough space
between “1" and “|” cells.

- Install hadron absorber into the empty space

- Install “vertex” detector

2013/07/26 Sm'n Fest 34



(ﬁ,COI\/IPASS Il : Drell-Yan setup (. Chiosso, DIS2073]




(/2 COMPASS II: Drell-Yan Goal

YAMAGATA UNIVERSITY:
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YAMAGATA UNIVERSITY:
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