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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

Wide physics program
COMPASS-I

* Muon and hadron beams
* Nucleon spin structure

» Spectroscopy

COMPASS-I talks at SPIN2016:

V. Andrieux, F. Bradamante, N. Makke,

B. Parsamyan, G. Sbrizzai, L. Silva, S. Sirtl,
M. Wilfert

COMPASS-I1

. Data taking 2012-2018
. Primakoff

. DVCS (GPD+SIDIS)

. Polarized Drell-Yan

gl -k

COMPASS-II talks at SPIN2016:

V. Andrieux, A. Ferrero, R. Heitz, M. Gorzellik,
M. Meyer, G. Nukazuka, B. Parsamyan,

C. Quintans, L. Silva
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COMPASS experimental setup: Phase | (muon program)

COmmon Muon Proton Apparatus for Structure and Spectroscopy

CERN SPS North Area. ECAL2
Two stages spectrometer LAS+SAS HCAL?2
«  Large Angle Spectrometer (SM1 magnet)
«  Small Angle Spectrometer (SM2 magnet)

EcaLl  oM2
HCAL1

RICH. SNa
SM1 \
Polarized §A -

Target

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

Muon wall
Longitudinally polarized (80%) pu* beam: 0
Energy: 160/200 GeV/c, Intensity: 2:108 p*/spill (4.8s). e
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

Data-taking years: 2002-2011 '
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COMPASS
HERMES
JLab6

See talks by:

V. Andrieux,

F. Bradamante,
N. Makke,

B. Parsamyan,
G. Sbrizzai,

S. Sirtl,
Muon-filter M. Wilfert

High energy beam
Large angular acceptance
Broad kinematical range

Momentum, tracking and
calorimetric measurements, PID
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COMPASS experimental setup: Phase Il (DY program)

COmmon Muon Proton Apparatus for Structure and Spectroscopy

CERN SPS North Area.
Two stages spectrometer LAS+SAS HCAL?2
«  Large Angle Spectrometer (SM1 magnet)
«  Small Angle Spectrometer (SM2 magnet)

EcaLl  oM2
HCAL1

RICH . SN
SM1 \
Polarized §A

Target

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

High energy n~ beam:
Energy: 190 GeV/c, Intensity: 108 n/s
Target: Solid state
NH; 2-cell configuration. Polarization T ~ 80%, f ~ 0.22

Data 15 collected sirmultaneously for the o, O target soin orlentations

Polarization reversal afrer eacl

Data-taking years: 2014-2015
26 September 2016 Bakur Parsamyan

Muon wall, VD, DC5, new DAQ...

See talks by:
J. Matousek,
G. Nukazuka,
B. Parsamyan,
L. Silva

Muon-filter

High energy beam

Large angular acceptance
Broad kinematical range
Momentum, tracking



COMPASS experimental setup: Phase Il (DY program)

COmmon Muon Proton Apparatus for Structure and Spectroscopy

CERN SPS North Area. See talks by:
7 ECAL2 J. Matousek,
Two stages spectrometer LAS+SAS HCAL2 G. Nukazuka
= Large Angle Spectrometer (SM1 magnet) B. Parsamyan,
L. Silva

«  Small Angle Spectrometer (SM2 magnet)

EcaLl  oM2
HCAL1

RICH. SNa
SM1 \
Polarized §A '

Hadron absorber

Nuclear target (Al)

Ta rg et z Aluminum cone % E Semnemeeeeeee
< 2 \ ] MMO1
Muon-filter -~ './ZW
’ f Aimina layer
SciFi, Silicon, MicroMegas, 2 — |
GEM, MWPC, DC, Straw, 1 s
Muon wall, VD, DC5, new DAQ... verendetector e 3"\8&' z’lgscisml
gl:):nciz::g' /:BBE Ty SU | Iy SSse—. - . alumina
High energy n~ beam: \ A /
. T ten b |
Energy: 190 GeV/c, Intensity: 108 n/s S JresEn e P
Target: Solid state
NH, 2-cell configuration. Polarization T ~ 80%, f ~ 0.22
Datz 15 collected sirnultaneously for the two target spin orlentations
Polarization reversal afrer each ~35-7
Data-taking years: 2014-2015
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COMPASS experimental setup: Phase Il (DY program)

COmmon Muon Proton Apparatus for Structure and Spectroscopy

CERN SPS North Area. See talks by:
Two stages spectrometer LAS+SAS e J. Matousek,
ges sp ‘ ' HCAL2 G. Nukazuka,
= Large Angle Spectrometer (SM1 magnet) B. Parsamyan,
- Small Angle Spectrometer (SM2 magnet) < L. Silva
E'%;:LL}L e Muon-filter
RICH. SNa
SMI S 107 .
~ COMPASS preliminary Tungsten
Polarized §A 16 ~30%of 2015 Drell-Yan data  beam plug
Target 4 L4 A<M /(GeVie)<9 /|
\ 1.2
P 1 ‘\
SciFi, Silicon, MicroMegas, 0.8 |
GEM, MWPC, DC, Straw, 0.6 ' ]
Muon wall, VD, DC5, new DAQ... 04 NH; Al |

0.2 J‘_J,..q,‘\.w-r - .
il N | .‘ 1 ’

High energy =~ beam: \—300' 250 =200 —150 —100 —50 0 50 z (cm)

Energy: 190 GeV/c, Intensity: 108 n/s
Target: Solid state

NH, 2-cell configuration. Polarization T ~ 80%, f ~ 0.22
Datz 15 collected sirnultaneously for the two target spin orlentations

Polarization reversal after each

Data-taking years: 2014-2015
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COMPASS experimental setup: Phase Il (DY program)

COmmon Muon Proton Apparatus for Structure and Spectroscopy

CERN SPS North Area. See talks by:
Two stages spectrometer LAS+SAS e J. Matousek,
9 p ‘ ' HCAL2 G. Nukazuka,
= Large Angle Spectrometer (SM1 magnet) B. Parsamyan,
- Small Angle Spectrometer (SM2 magnet) a L. Silva
Elgﬁtll Shie Muon-filter
RICH S : T
S M 1 \ 350;* g:::fdownstrea::fesll
Polarized §~ 00 v
Target S\ 250 e iois
\ 200 ; :Ea-sndownstrea- :181-:;:;
)/) 150; Entries 10110
SciFi, Silicon, MicroMegas, -

g $ B m we
GEM, MWPC, DC, Straw, 1°°§ beam f |
Muon wall, VD, DC5, new DAQ... 50— F .

B [

High energy n~ beam:
Energy: 190 GeV/c, Intensity: 108 n/s
Target: Solid state

NH, 2-cell configuration. Polarization T ~ 80%, f ~ 0.22

Data is collected simultaneously for the two target spin orientations.
Polarization reversal after each ~5-7 days

Eoo 1 PSP e I = S e L
-350 -300 250 200 15 -100 -50
\ / z(cm)

Data-taking years: 2014-2015
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o SIDIS x-section
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-Q i AKotzinian, Nucl. Phys. B441, 234 (1995).
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SIDIS x-section
d

dxdydzdp2dgdg.

a y’
xyQ? 2(1-¢)

2
(H%H(FUU'T +&Fyy ) /

A.Kotzinian, Nucl. Phys. B441, 234 (1995).
Bacchetta, Diehl, Goeke, Metz, Mulders and Schlegel JHEP 0702:093 (2007). 4

See talks by:
V. Andrieux,
B. Parsamyan,
G. Sbrizzai,

S. Sirtl,

M. Wilfert

1+ |26 (1+ &) Ay cos g, + 2 ASy > cos 2,
+ A\2e(1-2)A0N sing,

[1/25 1+&)A™ sing, +A) sin 2¢h}

n SL/I[
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DSA
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This talk
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SIDIS x-section and TMDs at twist-2

dxdydzdp2d g dg,

a Yy y:
{Xsz 2(1_8)(1+5]:|(FUU,T +5Fuu,|_)

1+4/25 1+ &) Ay™ cosd, + e A" cos 24,
+ Ay2e(1—2)AL" sing,
[,/25 (14 2) A sin g, + 2 AT sin 2¢h] Quark y . .
Nucleon
LS /1[\/1 A+ 25 (12 ) A cosqﬂ ) —
— . U flq(x’kT) h1 (XlkT)
Ajip(q‘h’q’s) sin (¢h _¢S) number density Boer-Mulders
" + AT sin (g, + ) > . g6k 2) | h*(xk?)
+ S, |+ Aj‘;‘(3¢n‘¢s)sin(3¢h _¢s) helicity worm-gear L
sinds
+/2¢(1+2) AT sin g hlq(X,ki)
+J2¢ (1 &) AP *) sin (24, - ¢S) , _
—-----------------;h-;j -------------------- - T f qL(Xk ) gquL(X,kT) transversity
V ALT COS ¢h ¢S) Sivers Kotzinian-Mulders hlc_ll_J‘ (X k _f_)
cos worm-gear T ’
+ SiA|+ (26 (1) AT cos g Cretzelosity
cos(2¢, —¢s )
|+ 26 (1me) AT cos(24, ¢ ) +two FFs: D} (z,P?) and H."(z, P?)
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SIDIS x-section and TMDs at twist-2

dxdydzdp2dgdg.

a y’ jal
{Xsz 2(1_8) [1"' 2X]:|(FUU,T +8FUU,L)

1+ |26 (1+ &) Ay cos g, + AT cos 2,
+ A\2e(1-2) AN sing,
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SIDIS x-section and TMDs at twist-2

dxdydzdpZd¢,dg,
h
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Brell -Ban
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SIDIS and single-polarized DY Xx-sections

dxdydzdpT d¢hd¢s
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SIDIS and single-polarized DY Xx- sectlons at twist-2 (LO)#

do™° 4o _ aq, R (1+ cos® G, ) See talk by gy
dxdydzded¢hd¢S - dQ  Fg? / L. Silva
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SIDIS and Smgle'pOIa“Zed DY x-sections at twist-2 (LO) o

LO | LO 2
daz - | do— _ aemz R (1+cos2 9(:5)
dxdydzdp; dg¢, d g, - dQ  Fq
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«h'®H ” > A oc ®h
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T oC T ® qu P y > AT ° ° oC T ® T,p

within QCD TMD-framework:
h? &f% TMD PDFs are expected to be "conditionally" universal (SIDIS <> DY:sign change)
h! &h:" TMD PDFs are expected to be "genuinely” universal (SIDIS <> DY: no sign change)
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SIDIS and single-polarized DY x-sections at twist-2 (LO) ¢l

LO LO 2
daz _ o _ aemz F) (1+cos® 0 )
dxdydzdp; dg¢, d g, - dQ  Fq
2 2 (1+D. | ©0520cs 00s 2 |
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_ | 4 AT ° Sin ¢S ¢
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J

Comparable x:Q? coverage — minimization of possible Q2-evolution effects

1

;- COMPASS preliminary
" ~30% of 2015 Drell-Yan NH, data 09

u.)

COMPASS preliminary
SIDIS 2010 NH; proton data

101‘. QNGeVic)* > 1

(=1
el

Q% (GeV/cy
d’N,/dxdQ’ (a.u

2
0°/(GeV/c)

~

16<0Q’<81

d’N/ dxdQ? (a.u.)

16<Q*/(GeV/c)*<81

10° - I>10*2 107! ’ ‘1 TS
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o Selected COMPASS SIDIS one dimensional
results
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SIDIS TSAs (Collins)  gro-w o hs@H  ssA [wist-2)
do'°

dxdydzdpZd g dd, ] PLB 744 (2015)250  compass 2010 proton
« v (7 UL owmpees s
1+4— F +cF 0.05- o HERMES 1" PLB 693 (2010) rescaled by (1-<y>)/(1-<y>+<y>?)
{nyz 2(1—5)( ZXH( oo +eF)
, O I S I S S 2T S S
( Hy 8o 2oty ¢
1+ A5 cos 24, 0,05 i‘:’ié+ | Y i}%{' it } ? +
[ Asi ~¥) oi T 0.1 o =
Aj_';(% )S|n(¢h—¢s) § 01_------1 C e _ . L : ! - A ! !
Sin(@y+ds ) 2 E .
x 4 + S +[5AJT(¢n )s|n(¢h + @, )] > 005 y {:}i o #{)% i #% (H }
+ A4 sin (3¢, — ¢ T 3 S T Lo EL I
+ 8.2 Rl L om0 ﬂ
§ - 0.1 . » ..(.)...I . }I-[lIElI{II\:dlES ﬂ:l PLB 69? (2010) nI:scalcd byl(Il-<y>)1/'(1-I<y>-+-<y>‘)I |
1072 107! i 0.5 1Z 0.5 lp‘;'r (Gelvslc)

COMPASS and HERMES reSUItS fOI‘ g % COMPASS ";f : FOAjPA.z.s

Collins effect are compatible s | MERMES S

(Q? is different by a factor of ~2-3)

No Q2-evolution? Intriguing result! 5 ks

See also talks by:

F. Bradamante, G. Sbrizzai
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SIDIS TSAs (Sivers)

dxdydzdp2dgdg.

a y? 7
|:XyQ2 2(1_8) Ll"' 2ij|(FUU,T +‘9FUU,L)

14 A cos 24,

IAJln% ¢ ) Sln ¢h ¢S)] ]
x 4 +S; |+ AT sin(g + )
_+ gAGi?(%—qﬁs) sin(3¢h _¢S)
N STl_ (1_82)'6{?5(% —¢s ) COS(¢ ¢S )jl

Sivers effect at COMPASS is slightly
smaller w.r.t HERMES results
(Q? is different by a factor of ~2-3).

Q?-evolution? Intriguing result!

See also talks by:

F. Bradamante, G. Shrizzai
26 September 2016
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'S« COMPASS posm e plOﬂS x<0.032
0.1r [ ] COMPASS positive pions x>0.032 —
©  HERMES & PRL 103 (2009) %
0.05 éé 2 4’# . L ege +{,
0004 IR
i(? § {v{.i g{)f ;
T L LA
—0.051 . - —
r,:J 0.2 COMPASS positive kaons x<0.032 —
L] COMPASS positive kaons x>0.032
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0.1 o L _
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0.15 TMD evolution 01 F ' 4
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Y 005 F ---- DGLAP
| | | | | ‘ ‘ —— . TMD Analytical
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SIDIS TSAs (Pretzelosity and Kotzinian-Mulders)

dxdydzdp2dgdg. o o hf @ H" SSA[twist-2]
a Y 7 _ C. Lefky & A. Prokudin
{nyz 2(1—g)£1+5H(FUU'T Ff) g e " ['PRDY1 (2015) 034010
coS 2, ?45 25 0.03 //\
1+ e A" cos 2¢, S ol |
" sin(dh—ds) s . = 003} -
AT )Sm(¢h —4s) “ 006
x 4 +S; |+ AT sin(g + ) s 20.09 - |
sin(3y—4s ) o3 , X i e
_+[g Agr sin (34, — s )] - All compatible with zero within uncertdinties (P/D)
I ° ~ 2 1
[1-27) A% %) cos (g, - ¢, )H Suppr_essed by a_factor of ~|p;|* w.r.t the Collins
y J and Sivers amplitudes

T o gt @D, DSA[twist-2]

» Not accessible in single-polarized DY
* Gives access to g, “twist-2” PDF
(Kotzinian-Mulders or worm-gear-T)

 Clear signal for h*

COMPASS preliminary
Proton 2010|data

COMPASS preliminary
Proton 2010 data

cos(tph-(ph)
LT
=}
I
cos(tph-tps)
=}
J
I

A

(preliminary confirmation also by HERM ES) o eroreriaorizon - eroreaotizo0n
_— PRD73:114017(2006) updated -0-1_— PRD73:114017(2006) updated
- In agreement with several models 2 Sbmassenaoon 2L Sapmassateoon
) Yo I MRS | MR ) o | I | PRI | PR PR |
See also talks by: 10? 10 o 107 10" L

F. Bradamante, G. Sbrizzai
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« COMPASS Drell-Yan mass ranges
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COM PASS DY mass ranges

1<Q?/(GeVic): <4 “Low mass”
o Large combinatorial background:

Open-charm (bottom) semi-leptonic decays DD, (14

BB, pion and kaon decays
o small asymmetries
« 4<Q?/(GeVIc))<6.25 “Intermediate”
o High DY-cross section
o Still low DY-signal/background ratio
« 6.25<Q?/(GeVic)’ <16 “J”
o Strong Jhy-signal — study of J/y physics
o Lower background
« Q%/(GeVic)®>16 “High mass”
o Low DY cross-section
o Beyond charmonium region, negligible CB
o Valence region — largest asymmetries
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COMPASS DY hlgh mass range

O /(GeV/e) zl ‘Low mas
Larce comblinatorial bacikeround:
Open-charmm (bottorn) semi-leptonic decays DD,
g8, plon and xaon decays
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rlich DY-cross section
Still low DY-signal/backeround ratio
6.25 < )¢ /(GeV/e) If, "J \lJ
strong J/w-signal siudy of J/w physics
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o Low DY cross-section
o Beyond charmonium region, negligible CB
o Valence region — largest asymmetries

“High mass”
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Accepted events are in the valence quark range
({x)~0.47, {(xy)~0.16, (xz)~0.3, (qr)~1.1)
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COMPASS DY hlgh mass range

O) /(CGeV/e) zl ‘Low mass = Pen F (1+COSZQCS)
Large cormnbinatorial background: dQ Fq
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Strong Jy-signal — study of Y phy where D[smzocs}=5i”2‘9cs/(1+3032‘9cs)
Lower backeround
« Q%/(GeVic):>16 “High mass”

. 1 ~ 2
o Low DY cross-section Good mass resolution AM = 180 MeV/c

o Beyond charmonium region, negligible CB
o Valence region — largest asymmetries

Entries 14610 s s -
%] C =
2 sl COMPASS MC Mean 0.05287 S COMPASS preliminary o5 &
q)J - RMS 0.2295 % 102 ~30% of 2015 Drell-Yan NH data s
C - e ————— e e e e e D
w700 %2 I ndf 20.89/23 (@] v =
5 final setup AN o/23 g 3
C ~
600 2 Constant 765.1+ 9.2 A 16<0?<81
= 4<M,,/ GeVici<9 Mean  0.04886+ 0.00190 e ”E
500 :_ Sigma 0.1779+ 0.0020
400 — 10
0 e A S
200 —
100 —
:IJII‘\II\JIIIII jull TR I AR A Ao ol 1
92‘ -2 -1.5 -1 0.5 0 0.5 1 1.5 2 25

26 September 2016 AM (GeV/c®)  Bakur Parsamyan 26



COMPASS DY J/\y-mass range

LO
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COMPASS DY J/\p-mass range

)= /(GeV/e) 4 ‘Low mas
Large comblinatorial background
Open-charmm (bottorn) semi-leptonic decays DD
sd, plon and xaon d
rmall asyrnn

b QF/(GeVY/e) <6.25  Flniermediaie’
i,J{,iJ D Y-cross section
Still low DY-signal/background ratio

« 6.25<Q? /(GeV/c)2 <16 “J/\u
o Strong Jhy-signal — study of J/y physics
o Lower background
s O2/(GeVe) | 6 “High mas
Low DY cross-sectior
Seyond charmonium region, negligible C8

Valence region — largest asyrnrnetries
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dQ Fq°
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A" sin g
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+ S;
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Jhy-region sample is much larger comparing to HM
((x)~0.3, (xy)~0.09, (xz)~0.2, (gq)~1.0)
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» SIDIS TSAs in COMPASS Drell-Yan mass
ranges — towards multi-D
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SIDIS Sivers TSA in COMPASS Drell-Yan Q?-ranges

do*° .
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SIDIS Sivers TSA in COMPASS Drell-Yan Q?-ranges

do° .
dxdydzdp’dé.dg, NEW! 23 September 2016 —
2 2 - CERN-EP-2016-250, arXiv:1609.07374 [hep-ex]
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A multi-dimensional input for TMD evolution studies'
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SIDIS Sivers TSA in COMPASS Drell-Yan Q?%-ranges

d ULO
dxdydzdp2dgdg.

a Y 7’
{Xsz 2(1—8) [1+5Ji|(FUU,T +‘9Fuu,|_)

NEW! 23 September 2016
CERN-EP-2016-250, arXiv:1609.07374 [hep-ex]
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The solid (dashed) curves represent the calculations

for TMD (DGLAP) evolution for the Sivers TSAs

based on the best fit of 1D COMPASS and HERMES data
from Phys. Rev. D86 (2012) 014028 by M. Anselmino et al.

A multi-dimensional input for TMD evolution studies

26 September 2016 Bakur Parsamyan 32


http://cds.cern.ch/record/2217911
http://cds.cern.ch/record/2217911
http://cds.cern.ch/record/2217911
http://cds.cern.ch/record/2217911
http://cds.cern.ch/record/2217911
http://cds.cern.ch/record/2217911
http://cds.cern.ch/record/2217911
http://arxiv.org/abs/1609.07374
http://arxiv.org/abs/1609.07374
http://arxiv.org/abs/1609.07374
http://arxiv.org/abs/1609.07374

* From COMPASS SIDIS to COMPASS Drell-Yan
(DY high-mass range)
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SIDIS and DY TSAs at COMPASS (hlgh mass range)
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SIDIS and DY TSAs at COMPASS (high-mass range)
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Drell-Yan Sivers effect at COMPASS: predictions

LO
M.G. Echevarria, A.ldilbi, Z.B. Kang and 1. Vitev, i do” _ aemz F! (1+ cos? QCS)
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Drell-Yan Sivers effect at COMPASS: predictions @

M.G. Echevarria, A.ldilbi, Z.B. Kang and I. Vitev, do’® = Zem F (1+ cos? 6. )
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P. Sun and F. Yuan,

“Transverse momentum dependent evolution: Matching
SIDIS processes to Drell-Yan and W/Z boson production”.
PRD 88 11, 114012 (2013)
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Drell-Yan Sivers effect at COMPASS: predictions @

PRD 88 11, 114012 (2013)
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Drell-Yan Transversity and IPetzeIosﬂy at COMPASS

dGLO
A. N. Sissakian et al., ' 9 F;m R (1+COS O )
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Conclusions

The COMPASS experiment is the only place to explore the transverse spin structure 3
of the nucleon by either SIDIS or DY measurements, using a similar setup.

o This opens the unique opportunity, when comparing the Sivers TMD PDFs obtained
from the two alternative experimental approaches, to test the opposite-sign prediction
by QCD at practically the same hard scale, thereby minimizing possible bias
introduced by TMD evolution.

» COMPASS has measured SIDIS proton TSAs at Drell-Yan mass-ranges

o The Sivers and Collins SIDIS-TSAs are measured to be non-zero at high-mass range
CERN-EP-2016-250, arXiv:1609.07374 [hep-ex]

o The pretzelosity SIDIS-TSA is found be compatible with zero
* In 2015 COMPASS has successfully collected first polarized Drell-Yan data
o COMPASS became the first experiment to measure both SIDIS and Drell-Yan TSAs

o Also the first and only experiment to measure meson-induced Drell-Yan in past 25
years

o By now ~30% of collected raw data has been processed/analyzed. Work is ongoing.
o Preliminary results are expected by the end of the 2016.

o EXxpected statistical accuracy of Sivers asymmetry should allow to test sign-change
and possibly to study the effect in several kinematical bins.

o Several important studies are ongoing also for the polarization-independent part of the
DY cross-section (see talk by Luis Silva)

» Asecond year of data-taking is planned for 2018. To be approved.
« COMPASS Drell-Yan program is being discussed to continue in phase-1l1l (see talk by V.

Andrieux) Thank you'
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Nucleon TMD PDFs accessed in SIDIS and DY

SIDIS Single polarized DY
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SIDIS x-section At oo 17 ®@Dy;  SSA[twist-2]
dot AT ch? @ H, " SSA [twist-2]

Results first shown at the SPIN-2014 conference arXiv:1504.01599 [hep-ex]
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No clear Q2-dependence of the Sivers and Collins TSAs within statistical accuracy.
Some hints for a possible decreasing trend of Sivers TSA
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