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General SIDIS x-section expression
contains four target longitudinal spin
dependent asymmetries (LSA)
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L-SIDIS x-section: depolarization factors
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Kotzinian et al.
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SIDIS x-section: from Ip to y+p (P-=0)

Kotzinian et al.
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Kotzinian et al
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SIDIS x-section: LSA-TSA mixing e pGBOB366 (1958
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Interpretation in terms of twist-2 TMD PDFs and FFs g
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Interpretation in terms of PDFs and FFs
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Interpretation in terms of twist-2 TMD PDFs and FFs f
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Interpretation in terms of twist-2 TMD PDFs and FFs f
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* Former HERMES, JLab and COMPASS
experimental results on LSASs
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Existing measurements: COMPASS
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Existing measurements: COMPASS
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EXxisting measurements: HERMES
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EXxisting measurements: HERMES
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Existing measurements: HERMES, CLAS
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COMPASS collected large amount
of SIDIS data with longitudinally
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« Similar measurements have been

performed by HERMES (P/D) and Jlab (P)

» Non zero effects, interesting measurement

» Several theoretical predictions are available from different groups

* Prospects for future measurements
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Existing measurements: CLAS
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Prospects for future measurements
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COMPASS collaboration

>

(i 24 institutions from 13 countries — nearly 250 physicists

Common Muon and Proton Apparatus for Structure and Spectroscopy

» CERN SPS north area
» Fixed target experiment
» Taking data since 2002

=T

Wide physics program
COMPASS-I

» Data taking 2002-2011

* Muon and hadron beams
* Nucleon spin structure

» Spectroscopy

See talks by A. Bressan
and A. Martin

COMPASS-II

Data taking 2012-2018
Primakoff

DVCS (GPD+SIDIS)
Polarized Drell-Yan

i1l
o
—

~ A =

See talk by C. Quintans

COMPASS web page: http://wwwcompass.cern.ch
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COMPASS experimental setup: Phase | (muon program)

COmmon Muon Proton Apparatus for Structure and Spectroscopy

CERN SPS North Area. See talks by:
X ECAL2 A. Bressan,

Two stages spectrometer LAS+SAS HCAL?2 A Martin

= Large Angle Spectrometer (SM1 magnet) C. Quintans

= Small Angle Spectrometer (SM2 magnet)

EcaLl  oM2
HCAL1

RICH. SNa
SM1 \
Polarized §A -

Target

Muon-filter

* High energy beam
« Large angular acceptance
« Broad kinematical range

Momentum, tracking and
calorimetric measurements, PID

. SciFi, Silicon, MicroMegas,
GEM, MWPC, DC, Straw,

Muon wall
V 3 60 :
Longitudinally polarized (80%) u* beam: ¢ L PASS 5< ?:;
Energy: 160/200 GeV/c, Intensity: 2:108 p*/spill (4.8s). B ERMES < 59
Target: Solid state ( 5LiD or NH;) o JLabé !

40

«  SLiD 2-cell configuration. Polarization (L & T) ~ 50%, f ~ 0.38
«  NH,; 3-cell configuration. Polarization (L & T) ~ 80%, f~ 0.14

7SN

5 i L 1 1 1
2 200 20 30 40

Data-taking years: 2002-2011 't 50 0
x p(GeVie
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COMPASS experimental setup: Phase | (muon program)

COmmon Muon Proton Apparatus for Structure and Spectroscopy

CERN SPS North Area.
Two stages spectrometer LAS+SAS HCAL2
«  Large Angle Spectrometer (SM1 magnet)
= Small Angle Spectrometer (SM2 magnet)

EcaLl  oM2

HCALl\ \

RICH
SM1 \
Polarized §A

Target

Muon-filter
107 Deuteron 2002-2004 L

PN < 2001~ » ‘
P 1001 ‘ »

SciFi, Silicon, MicroMegas, T 0 0 50
GEM, MWPC, DC, Straw, Zypx (cm)
Muon wall x10° Deuteron 2006, Proton 2007, 2011 L

dN/dzVix
=
=

w

=3

S
I

dN/dzVIX

Longitudinally polarized (80%) pn* beam:

Energy: 160/200 GeV/c, Intensity: 2:108 p*/spill (4.8s).

Target: Solid state ( °LiD or NH;)
SLiD 2-cell configuration. Polarization (L & T) ~ 50%, f ~ 0.38
NH, 3-cell configuration. Polarization (L & T) ~80%, f~ 0.14 0TS0 o s0

Zypx (cm)
Data is collected simultaneously for the two target spin orientations

Data-taking years: 2002-2011 o
Polarization reversal after each ~1-2 days
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» Proton SIDIS single-hadron azimuthal LSAS at
COMPASS: First shown at SPIN-2016, NEW!
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Kinematics 2007(160 GeV/C) 2011 (200 GeV/e)
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1.. o, .'.".i‘ilg 2 s <...H1.|2)2. 1 '.'."i;i(;izn' ‘..Hi.";’[‘); e e |I1 0.0025 < X < Ol7
Q@ [(GeV/cY] X 0.1< y <09
_g, E [J2007 COMPASS é métmjgg?: COMPASS W > 5 GeV/C2
1 & 10_
Hadronic cuts:
oF z>0.2, 0.1<z<0.2
pr>0.1 GeV/c
l1 1; 4 ”6 - 8” 10 1.2 .14” 16” 18 20
y W [GeV/c?]

Comparable kinematic distributions
Only results from merged 2007+2011 sample are shown
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Kinematics 2007(160 GeV/e), 2011 (200 GeV/e)

04} —
(x) 2007

03F —2011 E E - L b
0.2 COMPASS preliminaryt E E £l E
01| Proton 2007, 2011 data - 3 3 3 3

(y» 08
0.6F
0.4

0.2r

045-
(z)

0.4-

035-

S

0.3F

0.7+
(p,?
06"
05"

— |
) _;\

107 107 02 04 06 08 02 04 06 08 1 05 1 15 2 5 10 15 1 10, ,
X ¥ z P, (GeVie) W (GeV/c?) Q- (GeVl/e)

(W)
15}

10

5,
40
30;
20}

(Q7)

10}
ok

s

L

Comparable kinematic distributions
Only results from merged 2007+2011 sample are shown
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COMPASS results for the aj,;** asymmetry

2 2 First shown at SPIN-2016, NEW!
do P + L (Four +€FRpu.)x
dxdydzdp?dg dg. | xyQ? 2(1-¢ 2x )|V YOT Tt
, TG (1-¢) Proton 2007+2011 data
1+ , - 02>02 h*
& 004 S p1<z<02
_ '54? COMPASS preliminary +

26 (1+&) A" sing,

0.02
+P |+ eATsin2g, \$

9 — sin s A" sin 3¢,

_ 004;Az>0.2 h™
2o | 401<z<02

GJ_h 002
_ oI

z

! By
+F\.kT Xfith_% LqH_t:]j} O: ﬁ.}g f&&g%&#

M o R ¥ B

-0.02p D —7—7-— 1

i L L |

1072 107!

* Q-suppression, TSA-mixing
* Various different “twist” ingredients
« Similar to HERMES non-zero trend for h*, clear z-dependence, h—- compatible with zero
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A3 mixing with a3;@ %) and Ajp@ntes

2 2 Flrst shown at SPIN-2016, NEW!
do e Yy e (Four +&Fpu,)x PLB 717 (2012) 383
dxdydzdp?dg dg. | xyQ? 2(1—¢ 2x )|V YOT Tt
; e ( ) Proton 2007+2011 data R
1+ o extracted LSA h*
== 0.04— =~ TSA contribution
g 51 e corrected LSA
<«

COMPASS preliminary 3&

26 (1+&) A" sing, |

0.02 #
+ P |+ A sin 24, \B CH' 3 @‘?C?

) — sinGe A" sin 3¢, 0 @A NP

A AN

o extracted LSA h™
== 0.04- A TSA contribution
=

= L
— sin 6&/25 1-&)A* cos24, | | * & | e corrected LSA

X
PLB 717 (2012) 376

m

~ x 0.02- 'y
_ G." I
Fon = 2M o) P Prfypapyan Ma g [
Q M, M z 7 % 4 / .
N ~ 0 A @gﬂ éa 5% N C < .
h
LIPS [ N AN
M M Z I
: L —0.02, , Mm— e
* Q-suppression, TSA-mixing 02 o [
* Various different “twist” ingredients x T e
« Similar to HERMES non-zero trend for h*, clear z-dependence, h—- compatible with zero x
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COMPASS results for the a3, ** asymmetry

do o y? 2 First shown at SPIN-2016, NEW!
dXddedp2d¢hd¢ :|:XYQ2 2(1—8) (1+%j:|(FUU T +8FUU L)X HERMES
( ! ° Proton 2007+2011 data PLB 622 (2005) 14
1+ ) - ©2>0.2 A PN "
< 00 s o<z 402 3 T
_ '541:) - COMPASS pgreliminary ™ 0.05 N +
28(l+ E)Ajm% sin ¢h 0 02__ é % + + +
+ P + EAJmZ% sin 2¢, \B - + ¢ . %% i) + 0'_ _________________________________________
9 - sin O A% sm3¢h_ 0:_ % @% o ¢ '
i ] L — 005 | .
002 o e
S ]
- ooul 43> 0.2 h™ J T
S | a01<z402 “ 0.05}
" i {
_ 1. G 0.02- I
Fars =2 o= TP b o S gy > | o
Q M, M Ttz L : [ + |
. . o Lklp # [
+h.kT XleqDlh—% LLqH—(:] : ﬁ% é %L -0'05_....|....|....|..
M M z | — 0 01 02 03
L X
* Q-suppression, TSA-mixing —0.02 "--1-672 — ---1‘(-)'71 —

* Various different “twist” ingredients
« Similar to HERMES non-zero trend for h*, clear z-dependence, h—- compatible with zero
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COMPASS results for the aj,;** asymmetry

do o y? ,? First shown at SPIN-2016, NEW!
dxdydzdpZd ¢, d g :{nyz 2(1—5)( +5H(F“UT #eFi ) HERMES
f ! > Proton 2007+2011 data PLB 622 (2005) 14
1+ ) - 02>02 h* = "
& 0048 S g1<z402 § [ =
- _ '541:) - COMPASS pgreliminary N 0.05 N +
.Ahll% sing, 0.02_— ¢ % : + + +
+P | + &A™ sin2 \ [ ¢ [
L eAL 2 B i + d s % & & + ) S
] - sin G A% sm3¢h_ 0- % @% o 0 '
i 1 | — o0sf
002
: - sin(gh) _
= 2 - 20.1<z40.2
\ 17« | 25F b \
I i
_ "- G~J_h 0.02+ .
rurt = 2 ol DB o Mo go 2o i 5 s
Q M, M Z [ X %& - h:
) - oF 4 “BEE # 3
LDk «f L9 M, J_qH_(:]j} - ﬁ i A %JK 05F
M [ " Mtz [ :
F ——8) OF
* Q-suppression, TSA-mixing —0.02¢, P 10 107! .
* Various different “twist” ingredients 10 10 X

« Similar to HERMES non-zero trend for h*, clear z-dependence, h—- compatible with zero
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COMPASS results for the a3);** asymmetry

) 5 First shown at SPIN-2016, NEW!
do S [ A A | [ L
dxdydzdp?dg,dg, | xyQ® 2(1-g) (" 2x [V VT TR HERMES
) Proton 2007+2011 data PLB 622 (2005) 14
1+ ) - z>0.2 h* = "
=004 co1<z 402 $ n
- L _ '54? : COMPASS preliminary N 0_05:_ +
J2e(1+) A" sing, 0.021- : ¢ Xy +
+ P |+ A sin24, \ I % ; éé%’@ C} N
\ — sin s A" sin 3¢, ~ I % %0 : ? [
i L ] 0_— (i)
Vi-etA, e e | |
+ PLA| + [22(1-2) AT cos g, - opul 45>02 h™
_ o ] 201<z402 5°
— néhfZ 1- &) A% cos2 g 5 . 2 COMPASS
L ! 8( E)ALL > ¢h_ <CD I (GQW:, HERMES
- A ) G~J_h 002—
Fana _ 2M C{— hMpT xthjqw%gfL . ] ,
h z L é érk 5
. i 0 {# EE LK #
ML xf Dy, My i}} LG %JL
M M z i w
. — -0.02p BV——p——-—1 ik
* Q-suppression, TSA-mixing e - - ) 1

* Various different “twist” ingredients X
« Similar to HERMES non-zero trend for h*, clear z-dependence, h—- compatible with zero
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COMPASS results for the a3»*" asymmetry

2 2 First shown at SPIN-2016, NEW!
ixd d:id q :{ 0!22 Y ( +72/_jj|(FUUT+gFUU,L)X Zhun Lu
xdydzdp7dg,dg, | xyQ* 2(1-¢) X Proton 2007+2011 data Phys. Rev. D 90, 014037(2014)
1+ - 02z>02 h* go [ o :
= 004 o1<z<02 <
. m<:) - COMPASS preliminary + ot ~ T ]
| ing, B — -
;25(“5)'6\51 sing, 0.02- ; 000 T EC
+ PL + gAJ'”Z@ sin 2¢h \B ! + + % q) + —— Set 1 total
9 — sin G A\ sin 3¢, ok 7 -4 5% 2 005 T e F
- - - s ---Set2f'D,
i ] —— -0.10 bumtidiminiindyiimn bt
_0_02_‘ i&?—f_;j o 0.0 02 04 06 04 06 08
" Az>02 h™ JR o T
== 0.04r g4 T ;Setl1 'cot.:-uI
£ 5 r 40.1<2<02 < [ 7 [ - — set1f'D,
L _ < i 0.05 k i Set 2 total
- - 0.02L _ - oo oset2fD,
- G, g
FJ’I'_Mjn 2M —C<- h-pr Xh,(_quth+%91q|_L - - b
Q M, M z I NS
. i 0 {#‘}M&Mﬁﬂk# ]
hke [ i D! M Lo Ta i A 4 :0.05 |- -
M ’ Z B | : [
R . . — — [‘“—‘_‘—_——__t_r_)—l L L
e Q-suppression, TSA-mixing ] S T R———— 010 L st Ll

—2 -1
* Various different “twist” ingredients 10 10 X 00 02,04 06 04 2608
« Similar to HERMES non-zero trend for h*, clear z-dependence, h—- compatible with zero
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COMPASS results for the 43r*** asymmmetry

2 2 First shown at SPIN-2016, NEW!
do | L L1 L (R +6Fu )
cedyozdprddidg, | Q" 2(1-¢) > - Isl;;ton 2007+2011 data
1+ -
= 004 ¢ 2502 h*
E - -
_ 54 002‘ COMPASS preliminary
[26(1+2) A" sing, [
+ P | + eAsin2g, — Oj +{,‘}+§ {,+ +
< — sin G A sin 3¢, | 00l ¢

— 0 + ED
Esin2h _ o~ _2(h pT)(h.kT)_pT Ky Lquh I %
UL 1
MM, “ —0.02f
* Only “twist-2” ingredients 004" D—
« Additional p-suppression T 102 10
« Collins-like behavior? In agreement with model predictions X

« Discrepancy with HERMES and JLab?
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COMPASS results for the 43r*** asymmmetry

do o 2 2 First shown at SPIN-2016, NEW!
dxdydzdpZd¢,d¢ :{nyz 2(13’_8)( +%H(FUUT + R )
, T Proton 2007+2011data ~ PRL 105,262002(2010)
1+ N
== 0.04 ¥ m HERMES
g, [0 h S - Ao CLAS
_ ?< 0.02|- COMPASS greliminary % 3 0.05
[26(1+2) A" sing, - < i
n P|_ n EAJth S|n2¢h — L O_* + % + + é % + + + 0
_ in3¢, i i
X ] sin G A" sin 3¢h_ ~0.02}- -0.05 | ++
_ _ 004 D—— -0.1 _TE+ =]
= 004, os - g B e
=T @3 0.05 [
3 0.02 } + < |
0 o + ] 4 ; $] + 0 _#'i' o
in2 2(h pT)(h'kT)_pT'kT Lav Lh -
Ry =C1- CHig : -0.05 -
MM -0.02 . A
h i | A
Only “twist-2” ingredients —0.04- 04 L
« Additional p;-suppression T 102 10t 0 0.25
« Collins-like behavior? In agreement with model predictions X

« Discrepancy with HERMES and JLab?
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COMPASS results for the 4$2°®» asymmmetry

2 2 First shown at SPIN-2016, NEW!
do | L L1 L (R +6Fu )
dxdydzdp?dg dg. | xyQ? 2(1-¢ 2x )|V YOT Tt
, i (-¢) Proton 2007+2011 data
1+ ) - 02>0.2 h
2. [ 001<z<02
_ o{d 0.1 compass preliminary

[26(1+2) A" sing,

F P |+ eAT sin2g, 0; gﬁ%ﬁ{é{%ﬁ#

9 — sin s A" sin 3¢, L

L T T Tt

ol L ool

- az>02 h

» l
% - a 0.1 0.2
= SII’\HJZE 1-2)AT cos2g, | | 8 2 o © 77 TS

0.1+
\ ] <
A m : ; +
FLclfns% :%C{%LerH;h_'_%gﬂ qu J O‘ Kl& ggﬁ% %FL %

|

h

h-k; M, . Ef .
+—T| xg.'Dy, - e —0.11
M (gL M Zj} [ e
* Various different “twist” ingredients, BN E—

) -1
* Q-suppression 10 10 X

« Compatible with zero, in agreement with model predictions
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COMPASS results for the 4$2°®» asymmmetry

do a y? /2 ( ) First shown at SPIN-2016, NEW!
= 1+— | |(Fur teR X
dxdvdzdp?dé. d {X Qz 2(1—¢ ( ZXH uuT uu L
hdprdds L@ 2] Proton 2007+2011 data
H i - e 2>02 h*
£ 3 gy Lol<i<o2 PRL 105,262002(2010)
_ °& 017 compasspreiiminary ’

[26(1+2) A" sing,

+ P | + eAM sin2g, 0; $Qj%cﬁ>+}{%#ﬁ n

3 CLAS 5.7 GeV
3 — sin QEAJmS% sin 3¢, L 8<" 0.1 [4cLasi2
- - 0.1+
az>02 h
& i
© - A01<z2<0.2 3
- sm0«/25 1— &) A% cos 2 g2 01 ° 0.2
L L AL ¢h— q: i curves are from .
_ [ % - PRD74:074015(2006) ;
2M h-p M. . D" - o 10 1
cosg, __ Lh h q |-
F. _—Q C{_MhT [erqu +ngL . O: ;5 E&gt% % % P,

h-k; M, . Ef .
+—T| xg.'Dy, - — —0.1p
v (gL M j} | e
* Various different “twist” ingredients, — "'1'6_2 — 10‘_1 e
* Q-suppression X

« Compatible with zero, in agreement with model predictions
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COMPASS results for the 4$2°®» asymmmetry

do o 2 2 First shown at SPIN-2016, NEW! o
2 - 2 ) 1+2 (FUUT+8FUU L)X
dxdydzdp;dg,dg, | xyQ® 2(1-&){  2x PRD74:074015(2006)
) Proton 2007+2011 data
C 0.04- _2007; A--0.03720 1.+
1+ . ez>0.2 h' _ - —2011; i -0.03724 h
o i £ 0,02
2 - 00.1<z<0.2 8<_1 :
. o{d 0.1 compass preliminary 05 ===
[22(1+2) A" sin g, I . -0.02¢
| - -0.04-
+ P, + & AJ'W“ sin 2¢, L 0: g) %@ % i% ﬁ; ﬁ 0,06 PRDMM@;;&;Z )
< — sin Ge AT sin 34, N 004 “momow It
L . i - —A=-0.02719
) ) —Olj 0.02-
[ —— 0
e ~0.02
Z . (Z)TO'2 0.2 " oo
- SII’\HJZ 1—&)A™% cos2 g3 oqf 20T 0.06
] g(1-&)AT % | & Ol s
— i % 0-04; —§= -0.03224 Wt
s 2M h-p, M D," - 0.020
FLL%:?C{— M, [XeEHlth-i-thqu Zq O_ é g‘gﬁ% % % O
Ak, M, . .. Ed B '
+ 0Ty th 19 9 —0.1¢ %
M ( L ]} [ e

* Various different “twist” ingredients, e S
) 1072 107! 10 10
e Q-suppression X X

« Compatible with zero, in agreement with model predictions
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COMPASS results for 437> and 459°%®* asymmmetries 4l

2 2 Flrst shown at SPIN-2016, NEW!
do | L L1 L (R +6Fu )
dxdydzdp?dgdgs | xyQ* 2(1-¢)\ 2x)|* T Tt
(14 Proton 2007+2011 data
- eht z>02 02 eh* z>02
- 005* — = r -
R - & . A h < A h
[22(1+2) A" sin g, E=2 Z 2 o0af
+ P ‘+ £ A% sin 24 = : {; i 4 % E @ i ﬁé +
L h = I %eraa. T | E @& ALl T e 4
) — sinGe A" sin 3¢, L -0 Jé iéééﬁé ¢ .0 '}### %
L \\) i L
- ~ | COMPASS preliminary —-0.1- compAss preliminary
—-0.05+ _——— E —_ s s
107 107 — 107 107
— sin a/zg 1- &) A% cos 24, : :

sin3¢, sin(3¢, —¢s) 1q Lh
L < T oc th ® qu

Al(_:052¢n PN c08(2¢n —¢;) Q—1<gqu ) Dlhq+...)

» Alternative way to access corresponding TSAS

* sin(0) suppression

 Other suppressions at the “TSA”-level (Jp{3, Q%)
« Compatible with zero
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Theoretical Framework: Di-hadron SIDIS

Bacchetta & Radici: Phys. Rev. D69 094002
,u(l) +p(P) — N(l,) + hf(Pﬂ + h,2_ (PQ) + X Bacchetta & Radici & Gliske: Phys. Rev. D90 114027

A J

)
YYyYYV¢

m X-section modulated in azimuthal angles ¢, and ¢Rr

2Py | — 21 P . E;
R, « Rp = 271l 1724 with 2 = ’

z1 + 22 ' E — E/

m Negligible transverse polarization mixing S| ~ 0

(0) = 7/2

m Partial wave expansion in 0, restricted to s- & p-waves _ o _
0 is the emission angle between h* in
the c.m. frame and the momentum of

the di-hadron in the target rest frame
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Theoretical Framework: Di-hadron SIDIS at twist-2

= Bacchetta & Radici: Phys. Rev. D69 094002
do=d Suu * Ad Ow * SL (d Ou * Ad o ) + SL (d Our + Ad Our ) Bacchetta & Radici & Gliske: Phys. Rev. D90 114027

doy, ocsin(g, — )( ) 5jin 9 4 AT RN g 29)

+5in (24, — 24, ) ATTCH 2R 5in2 g
+g{sin(2¢h)£ neh) 4 AR co5 6 4 Ajlf 2 )gfeeo’0-) é(3cos2 9—1)J

¢h +¢R)( |[1 $+¢r )sin o S|n9+ SIC ¢+ )sin 20 Sln 20)

in(

+5in (245 ) ArCH)M 0 5in2 g

+5sin (3¢, — ¢, )( I3RS i G 4 AT g 29)
(

i (44, — 24 ) A 44240 sjn? 49}

3cos?6-1) 1
do, oc1-¢? {Ab_-l— 50 00s 6+ ALS( )5(300526’—1)
+cos (¢, —d, )( Oslth )N gy g 4 ARSI g 29) () = 7/2
cos(2¢, —2d5 i icgi +
+ COS(2¢h — 2¢R) ’ ( )} ?hls the emission angle between h* in
e c.m. frame and the momentum of

the di-hadron in the target rest frame
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Di-hadron SIDIS at twist-2

= + +S, (do,, +Ad + n Bacchetta & Radici: Phys. Rev. D69 094002 e
Ao =doyy +Adow, +5, ( Oy + Aoy ) St (d Oyr +Ado ) Bacchetta & Radici & Gliske: Phys. Rev. D90 11402

. sin(d,—¢g ) il o 2 » ;fm
doy, ocsin(d, —¢e ) AL ~ 0y G £ W F FETE I B =
i, F L E
; sin(2¢,—2¢g) 1 400F- 20005
+ Sln (2¢h - 2¢R ) L R -~ glL ® Gl,TT SODi 2500?
c 2000F-
- in(2 E i
+ g{sm (24,) A" ~hi ®@H., i3
' 100 E
c 500F
. sin(¢,+¢r ) 1 VA ok of :
+S|n(¢h+¢R) L ) ~hlL®H1,UT ’ 39 v
- sin(24g) 1 Z x10° x10°
+sin (24, ) A “hu®H g e e I e 1=
. i _ | c L E
+3In (3¢h _¢R) SIC(S% ) - hlt ® H1J_UT 20005 250¢
] ’ 1500 200;
+sin (4¢h - 2¢R) SIC(4%_2¢R)} - hlJL ® H1J,_TT 1000? 122 A \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\w.
500F- 50; b N
d 1 2 1 ® D 0: I I L DE &\\\\\; ¥ I \
GLL oC - & ALL ~ glL Ut 0 02 04 1 05 0 05 Sin(g;)
cos( @, —4¢ 10° 16
+ COS (¢h - ¢R ) L ( ) - g1|_ ® Dl,TT 3 512007 COMPASS 8 §1|D:|2007 COMPASS
_3&—, 300; [J2011 preliminary _,E 25000 2011 preliminary
26, -2 w 2 w B
+ COS(2¢h _ 2¢R) Cis( ¢h ¢R)} — glL ® Dl,UU 2227 2000
AR 15001~
150 F
m Clear dominance of sin 6- and w00E 3 k\
sin Q—Welghed partial 5 &\\\\\\\ N 3. -
amplltudes 3 05 . 0 02 04 06 08 1
cos?(6)
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Di-hadron SIDIS at twist-3

— + + d + Ad + + Bacchetta & Radici: Phys. Rev. D69 094002
do dO-UU Ad O S'—( Ou A G'—'-) S'— (dO-UT Ad O-'-T) Bacchetta & Radici & Gliske: Phys. Rev. D90 114027

dGUU OC1+V 2‘9(1+‘9) COS(¢R)AS(EJS(¢R) Collinear Quark

cos( 24
+£€0S(2¢y) os(24) Twist.3 U L T

do,, <. fZg(l—g) sin(¢y) AR

U fJ‘ gJ‘ h e

ot oo |G

1 1 11
T fr fr 9T 97 hT er hT er

Nucleon

do,, oc4\f2(9(1+g)3|n(¢R)AJ %) - Q" [h Hir +0; GUT:|
+gsin(24,) Ay \

Wandzura-Wilzcek approximation

do o« Vl_ngiL /
+ﬂ/25(1—g)cos(¢R) st ~Q1[eL-HfUT+gl-DUT’
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Selected results for di-hadron asymmetries

First shown at SPIN-2016, NEW!

COMPASS (NH,) 2007+2011 data
COlNlPASS
- i 4 [ twist-3 COMPASS relimina
% 0.02 1~ L h_L : H]_UT L WIS ' prelim ’I;}"} Sin(@ﬁ_(ﬁﬁ) g p ry
= 4 BEXER o e ¢ 8 st bt 1 uL
£ 3 ) e S ERRERELEED s * R el sin(2¢ -26 )
':E AUL h R ——
-0.02 ————————"] [ D — [ — sin(2¢ ) i
= A -
- 0.05_ + o~ hlL ® HI,TT [ Azrz(cahwﬁ)
s r ¢ i i sin(2¢ )
N - | F ¥
T - 0_*+*¢¢¢*_+++¢,+§$_+¢“ﬁ++* ————————— Ay A e
n 2D r [ [ + sin(3¢ -¢ )
< L [ UL n —
—0.05 *—.—‘_ o hl—_l——‘ L -I—#‘ sin(4¢ -2¢ )
. AUL " A _._
— 02 ? ~ eL N Hlé ()TT ] tW‘St73 COS(¢ -0 )
& 01F ’ E . n hoR - e
g . 0 "0""3_*_*_*"4."{_* "----;-t;—*--*———-;———1.—--—--#-;1”——1.—--+ ------- i A(Z(is(2¢h-2¢ﬁ) °
<< o1} ! E sino )
_02 }w \I#I L F | -l-w IR IR S N I SO S S N N TR I Bt | T ST R B L UL *
102 10! 02 04 08 08 05 1 15 2 cos(¢ )
X V4 Minv[GeV/CQ] L e e ey
o i -0.02 -0.01 0 0.01 0.02
= osf , P ~L®Dyor rolminary (A)
04F N
I L]
02 *
F e ®ss0e o o . . ee0 000 4 o .
o--*%-2¢°* T
70.2_7:\::::\ cal 1 | - L 1 1 PRI T R T 1 P 1
1072 107 02 04 06 08 0.5 1 15 2
z M, [GeV/c?]

« Alternative way to access various twist-2/-3 distributions

singpg

* Non zero signal for A, " and Aj;
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Selected results for di-hadron asymmetries

First shown at SPIN-2016, NEW! CLAS 6 GeV (NH;)

COMPASS (NH5) 2007+2011 data oy S A Pereira: PoS (DIS 2014) 231
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» Alternative way to access various twist-2/-3 distributions 0.1 < 3 < 0.9
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* Non zero signal for A, ®r and AL W > 5GeV/c?
st
« CLAS-COMPASS: dlfferent behavior for A, PR gt large x? ‘

2 December 2016 Bakur Parsamyan = ' 43



Conclusnons

COMPASS has measured all possible single-/di-hadron SIDIS LSAs from combined
deuteron 2002-2006 and proton 2007/2011 data sample

» Together with existing measurements of proton TSAs these results complete the whole set of all
possible proton SIDIS spin dependent azimuthal asymmetries

» This allowed us to evaluate the mixing between SIDIS LSAs and TSAs arising from the difference of
target polarization components in Ip and yp systems

* Whereas azimuthal LSAs on deuteron appear to be compatible with zero, for some of the proton
LSAs non-zero signals are observed

sm¢h

« Aclear effect was observed for A, * " with positive hadrons, while for negative hadrons the
asymmetry is found to be compatlble with zero

o in agreement with HERMES observations
» The AZT 20n appear to exhibit opposite sign “Collins-like” behavior for h* and h-

o in agreement with model predictions

o possible positive signal for negative hadrons appears to contradict HERMES and Jlab
observations

« The Ai‘f"”‘ asymmetry is found to be small and compatible with zero within statistical accuracy
which does not contradict available model predictions

* Non-zero signal was observed for Af,'}"”“ and A}; di-hadron asymmetries related to h, and g,, PDFs,
correspondingly.

Thank you!
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Announcement e
The workshop occurs when a community of physicists is
exploring high-energy particle physics opportunities for
fixed-target experiments at CERN beyond 2020 (CERN
Long Shutdown 2 2019-2020). These discussions already
started with the “COMPASS beyond 2020 workshop in
March 2016 and the “Physics Beyond Colliders” kick-off
workshop organized by CERN in September 2016.

The physics discussed at the Workshop will mainly be
related to the most recent results, open issues and short
and long future programmes on Spectroscopy, Drell-Yan,
DVCS and SIDIS, remaining open-minded to new
possible programmes.

Physics topics:

« Longitudinal/Transverse Spin Structure of the Nucleon
* Fragmentation Functions

* Meson Spectroscopy

» Search for Glueballs, Hybrid Mesons and Multiquark
States

* TMDs, GPDs and GTMDs

» New opportunities for physics beyond colliders
 Cosmic rays and accelerator physics

Date/place:
* April 2-5, 2017, Cortona, Italy

2 December 2016 Bakur Parsamyan 45


http://iwhss17.to.infn.it/
http://iwhss17.to.infn.it/
http://iwhss17.to.infn.it/
https://indico.cern.ch/event/502879/
https://indico.cern.ch/event/502879/
https://indico.cern.ch/event/502879/
https://indico.cern.ch/event/502879/
https://indico.cern.ch/event/502879/
https://indico.cern.ch/event/523655/
https://indico.cern.ch/event/523655/
https://indico.cern.ch/event/523655/
https://indico.cern.ch/event/523655/
https://indico.cern.ch/event/523655/

