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The COMPASS Experiment: Collaboration, Apparatus

Bl Il ¢ umimE

e Collaboration: 24 institutions from 13 countries (& 220 physicists).
e Location: CERN Super Proton Synchrotron (SPS) North Area
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Image credit: Wikimedia Commons,
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The COMPASS Experiment: Collaboration, Apparatus

Bl Il ¢ umimE

e Collaboration: 24 institutions from 13 countries (& 220 physicists).
e Location: CERN Super Proton Synchrotron (SPS) North Area
e Secondary beams of u or hadrons (mostly , also K, p) at 160-200 GeV

o Fixed target.

ALICE LHC-b

AD Towards

LINAC3 7

Bourdiny-Desn % % g g
e o neutrons - neutrinos.
Image credit: Wikimedia Commons, Image credit: Wikimedia Commons,

https://en.wikipedia.org/wiki/File:
Location_Large_Hadron_Collider.PNG
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COMPASS setup for polarized pu program.

o Target (LHa, nuclear, polarized NHz and ®LiD).
o Trackers + 2 spectrometer magnets.

o RICH, calorimeters, p filters.
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The COMPASS Experiment: Physics Focus

Not a “quarkonium experiment”, different focus (but it’s multipurpose).

Nucleon Structure

o COMPASS I (2002-2011)
e DIS and SIDIS on L-polarized targets
(W + (p/d)” = pt +X (+h))
— helicity distributions of quarks and gluons.
e SIDIS on T-polarized targets
(u* + (p/d)T = p* + X +h)
— Sivers and Collins effects and more.

o COMPASS 1I (2012-2018) (SI)DIS reaction.
e 2015: Drell-Yan with T-polarized p target.
e 2016—2017: DVCS and SIDIS with LHo target
(DVCS: i+ p — .+ p + v to get GPDs).
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The COMPASS Experiment: Physics Focus

Not a “quarkonium experiment”, different focus (but it’s multipurpose).

Nucleon Structure

o COMPASS I (2002-2011)
e DIS and SIDIS on L-polarized targets
(W + (p/d)” = pt +X (+h))
— helicity distributions of quarks and gluons.
e SIDIS on T-polarized targets
(u* + (p/d)T = pt + X +h)
— Sivers and Collins effects and more.
o COMPASS II (2012-2018)

e 2015: Drell-Yan with T-polarized p target.
e 2016—2017: DVCS and SIDIS with LHo target
(DVCS: i+ p — .+ p + v to get GPDs).

v
Hadron Program

e Study of light meson spectrum (using a partial-wave
analysis of 3 final states).

@ 2012: m and K polarizability by scattering 7 in nuclear
Coulomb field.

o And more...
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Search for ZF(3900): Motivation

o An example of COMPASS versatility
(also a bit quarkonium-related).

- Data

— Total fit

o
=]
e

-+ Background fi
- PHSP MG

o ZF charmonium-like state discovered in

et e sat 40 4 I/

Events / 0.01 GeVi/c?
2
T

at BES-III and confirmed by Belle.

e VMD model: can be produced and observed o 37#-41;’”*;“9—“?3%:—
at COMPASS by My or () (GeVIC)

Figure: [BES-III, Phys. Rev. Lett. 110,

pt+ N =t + /g \ wt+ 3/ + 7T 4+ N 252001 (2013) heep://arxiv.org/abs/1303.5949]

with sizeable x-section [Q.-Y. Lin, et al., Phys.

Jy
ietvé:]/)/iiilx} %23:/&21/31)308.6345} - <
@ Search in all COMPASS g data (2002-2011). L i
@ A reference process for normalization: p———L——n
pt AN oot I/ +N Production mech. at COMPASS
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Search for ZF(3900): Results

@ No peak in inv. mass visible, in signal region:
expected bg.: 49.7 events, observed 51 events.

@ 90 % conf. level: max. 15.1 signal events.
e — limit (at \/s,n = 13.8 GeV)

o +
BR(ZE — J/ym) x — 222N 37 %1078
OyN—J/yN
o VMD model dependent result: partial width
Ly/pn < 2.4 MeV/c?

e — if the prod. mech. proposed by Q.-Y. Lin,
et al. is correct, the decay 7E ] /¥ cannot
be the dominant one.

o Reference: [COMPASS, Phys. Lett. B 742 (2015)
330-334, http:
//dx.doi.org/10.1016/j.physletb.2015.01.042.]
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Figure: [BES-III, Phys. Rev. Lett. 110,
252001 (2013) http://arxiv.org/abs/1303.5949]
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Sivers Asymmetry: Describing Nucleon Spin Structure

o Collinear picture (parton kr integrated over) — 3 PDFs at LO:

o The unpolarized f(z) (number density),
e the helicity g(z) = f-(z) — f(x) and Lo -
o the transversity h(z) = fy(z) — fi (). A A
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Sivers Asymmetry: Describing Nucleon Spin Structure

o Collinear picture (parton kr integrated over) — 3 PDFs at LO:
o The unpolarized f(z) (number density),

e the helicity g(z) = f-(z) — f(x) and Lo -

o the transversity h(z) = fy(z) — fi (). 4

e Beyond the collinear approx. for |kr| small '
o Transverse-Momentum Dependent PDF's.
o 3 give the standard PDF's after integration over k.

Parent hadron polarization

Unpolarized Longitudinal Transverse
U fl (IE, k%)
(Number density)
Parton L q1(z, k%)
polar. (Helicity)
hl (2?, k’QI‘)
T (Transversity)
Jan Matousek, CUNI Prague, UNITS COMPASS and Quarkonium 3. 3. 2016, Trento

11 / 28



Sivers Asymmetry: Describing Nucleon Spin Structure

o Collinear picture (parton kr integrated over) — 3 PDFs at LO:
o The unpolarized f(z) (number density),

e the helicity g(z) = f-(z) — f(x) and Lo -
o the transversity h(z) = fy(z) — fi (). A A
™Y
@ Beyond the collinear approx. for |kr| small oo

o Transverse-Momentum Dependent PDF's.

o 3 give the standard PDFs after integration over IZT.
e contribution of the other 5 vanish after the integration.

Parent hadron polarization
Unpolarized Longitudinal Transverse
U fl(rvk%) f%T(w’k%)
(Number density) (Sivers)
Parton q1(z, k?) 1 72
polar. L (Hehcigy) 917 (z, k1)
hl (.2?, k’QI‘)
hi(x ©2 ) n 7o (Transversity)
T | M & RT hi (z, k <
(Boer Mulders) | Piz(® kT iz (x, K2)
(Pretzelosity)
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Sivers Asymmetry: Experimental Results

e Sivers asymmetry correlates nucleon e
spin with parton k. :
o Experimentally studied:
o SIDIS (1+ (p/d)T — 1+ X +h)
(HERMES, COMPASS, J-Lab)
e pp collisions (RHIC)
e Drell-Yan process (COMPASS).
@ Quark Sivers asymmetry in SIDIS
experiments: ¢siv = ¢n — Ps
modulation of x-section.

Figure: [A. Bacchetta et al., JHEP02(2007)093]

do az y2 72
= L4+ o )1 A A
dzdydzdP2agndy  zyQ 2l -\ 25 ) V0T TervuLt

+ St |:Sin ((;bh — d)s) (F;i,?y({?hi¢s> 4L EFSi;’%)h*(PS))

+ esin (¢n + ¢s) Fom (PnFs) 4 ] L }

. . gl
(In experiments—asymmetries A = = +g T+ to cancel acceptance effects)
v

Jan Matousek, CUNI Prague, UNITS COMPASS and Quarkonium 3. 3. 2016, Trento 12 / 28



Sivers Asymmetry: Experimental Results
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COMPASS 2007 and 2010 proton data
[COMPASS, Phys. Lett. B 744 (2015) 250].
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Sivers Asymmetry of Gluons: Motivation %

Sivers asymmetry of gluons: possible hint in the search for gluon orbital angular
momentum. (Sivers asymmetry correlates nucleon spin with parton kr) J

On COMPASS

p-nucleon scattering—single-y exchange processes:

o Leading process (LP)
e QCD Compton process (QCDC)
e Photon-Gluon Fusion (PGF)

LP dominates (— q Sivers), how to tag the PGF?
o Heavy flavors—on COMPASS FE only charm.
o Pr dependence: less LP on high Pr.
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Sivers Asymmetry of Gluons: J/v Leptoproduction

@ Use of charm quarks in the form of a J/¢ — proposed by [Godbole, Misra,
Mukherjee, and Rawoot, Phys. Rev. D 85 (2012), http://arxiv.org/abs/1201.1066]:

= 3/ = Pg-

ph et wpt + I+ X =2t T + X
@ the CEM model of the J/v¢ production—Fkr of the g is transferred to the J/v¢

@ COMPASS 2010: Clear J/1 signal (3.1 GeV/c?, o &~ 55 MeV/c?),
@ small background, but limited statistics (= 2300 incl. and 4500 excl.).
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=
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Sivers Asymmetry of Gluons:

J /1 Leptoproduction

> ‘ ‘
8 —0.30 <z < 1.05 o 04 | COMPASS 2010
= 10°F --.0.30 <z < 0.95 < preliminary
2 F [y e 0.95 <z < 1.05 0.2
o 12k COMPASS 201
5 preliminary| 0
10 -0.2 ¢ ]
1?‘ 04 |
. : 06— ‘ ‘ ‘
107757207 40 60 04 06 08 1
Eniss (GEV)

The missing energy.

Z

The asymmetry. The black lines denote

integration ranges.

AE, = —0.05 %+ 0.33 (inclusive J/¢ ),
o A%, = —0.28 £0.18 (exclusive J/9 ).
]
]

[COMPASS, JoP Conf. Series, http://iopscience.iop.org/1742-6596/678/1/012050]
Prospect for better statictics: max. factor of 2.
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Sivers Asymmetry of Gluons: PGF Tagging by Pr

Reminder—problem: l"\ q
! ——

e competing processes: LP, QCDC and PGF, A
e we can observe: i+ p/n — u + hadrons. \99’19999)

COMPASS “Pr-weighted method”

o Monte Carlo and a neural network are used to extract asymmetries of all 3
processes from the full set of data.

Similar methods were used to extract Ag/g from L-polarised target data

o high-Pr hadrons:
[COMPASS, Phys. Lett. B 633 25, 2006, http://arxiv.org/abs/hep-ex/0511028],
[COMPASS, Phys. Lett. B 718 922, 2013, http://arxiv.org/abs/1202.4064].

o all-Pr, weighted (to be published: [http://arxiv.org/abs/1512.05053]).

NN is trained on MC to assign weights events (= prob. to be LP/QCDC/PGF).
Best correlation with ¢g: 2 leading hadron total momentum azimuthal angle ¢oy.

Chuts:

o inclusive events, @2 > 1 (GeV/c)2.
o Pr; > 0.7 GeV/c, Prag > 0.4 GeV/c

v
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Sivers Asymmetry of Gluons: PGF Tagging by Pr
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o A% = —0.14 4 0.15(stat.) & 0.06(syst.), AR = —0.26 & 0.09(stat.) & 0.08(syst.)
@ [COMPASS, JoP Conf. Series, http://iopscience.iop.org/1742-6596/678/1/012055].
@ A paper is in preparation.
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COMPASS Drell-Yan Program: Motivation

T-polarized SIDIS

T-polarized Drell-Yan

o COMPASS 2002-2010. o COMPASS 2015 (1st ever).
o Many interesting results obtained. o low x-section.
] A = DF(Lhtarg ® FFq—)h- o A = DFthtarg ® Dquhbeam'
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COMPASS Drell-Yan Program: Motivation

T-polarized SIDIS

T-polarized Drell-Yan

o COMPASS 2002-2010. o COMPASS 2015 (1st ever).
o Many interesting results obtained. o low x-section.
° A = DF(Lhtarg X FFq_)h' ° A = DFthtarg ® DFthbeam'
dU\L';IJVLS a -‘.: y— L
SID =|— 1+— Iy
dxdydzdp}d g,dy [.\j\‘Q' 2(]-{)( Zx) 1o
ao A 1 2 sin’ Bcos cos2¢cs
x(ﬁl;*é'f‘h_,){ 4 cos2y, (F ‘T:%) 70 =ﬁF, { 1+ cos” @ +sin’ Gcos2q, A

sin(g, —¢\)(Aj!,"'°"“’ (l+cos2 H)sinq\A;'"“

+ S, |+ sin(g, +¢Y)(5Az$“""’>'
sin(2¢t5 -5 )

+ sin(3g, —%)(fAf'?“’“'M k+5i"(2% s =95 )Ar

el _ 2 m«Iﬂ’Q\" L _ A g _
+Sll[ms(¢° {M( (] “ i m f”'/lm = - /i SIDIS hlllm' - ’hzlll.wm.\

ZH{Si”(ZVl«- + ) A0 ]

o Unique test of the universality of DF (Sivers function sign change).
N.B.: STAR at RHIC, TSA in W and Z prod.: [http://arxiv.org/abs/1511.06003]

@ Quarkonium-related: J/v and DY production on nuclear targets.
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COMPASS Drell-Yan Program: Characteristics and Challenges

sm2

Muon Wall 1 N

Hadron Absorber

Nbis Polarized Target N\

TGEANT

-I
3D view of the DY Setup in COMPASS MC simulation.

o Transversely polarized p (NHs) target + Al b
"d Polarized target
and W targets. refrigeratos

| and magnet

o Low x-section — high beam flux needed
(= 10° 7~ /spill of 10 s). bla emmiait
— — —
e Hadron absorber—y filter, ensures reasonable =| i i S
detector occupancies. s =
. . -P-loin beam T-Polarized NH;
o Large acceptance, mostly in valence region target
(z >0.1). The target region.
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COMPASS Drell-Yan Program: Prospects

2014 Pilot Drell-Yan run

COMPASS DY 2014 — Total
weeee Ry
-+ Continuum

o No target polarization, lower beam intensity.

e ~ 10 days of good data (ongoing analysis).

~ 7000 DY events with M, > 4 GeV/c? -
e Confirmed our expectations g
(Zvix and M,,,, resolution, acceptance etc.) '

2015 Drell-Yan run Dimuon inv. mass,

full DY 140 d My, =3.072 GeV/c?,
e fu setup, 140 days. o 020 Gev et

o Several models compared ng COMPASS DY 2074
- with projected stat. -
o uncert. for 280 days 3
: ) » (2 years) of data taking e
" L= and for My, > 4 GeV/c? z: 24 Gevc®
o on the Sivers asym. anf
;COMPASS-H projection from proposal 2010 (O 0 14) . ook~
R T N R S e 0 i
X=Xy Z (cm)
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Conclusions

COMPASS focuses on

e nucleon spin structure studies,
e meson spectroscopy
e and more...

COMPASS I phase (2002—2011): many interesting results. Mentioned here:
e Sivers asymmetry of quarks.
e Sivers asymmetry of gluons.
o Upper limit on th photoproduction.
(not main program—versatility of COMPASS!)
COMPASS II phase:

o Drell-Yan 2015 (may continue in 2018),
e DVCS and SIDIS 2016—2017.

Multipurpose experiment—prospects of interesting quarkonium results too
(especially from DY run).

COMPASS is collecting ideas for possible program after LS2 (20204)
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Conclusions

COMPASS focuses on

e nucleon spin structure studies,
e meson spectroscopy
e and more...

COMPASS I phase (2002—2011): many interesting results. Mentioned here:
e Sivers asymmetry of quarks.
e Sivers asymmetry of gluons.
o Upper limit on Zci photoproduction.
(not main program—versatility of COMPASS!)
COMPASS II phase:

o Drell-Yan 2015 (may continue in 2018),
e DVCS and SIDIS 2016—2017.

Multipurpose experiment—prospects of interesting quarkonium results too
(especially from DY run).

COMPASS is collecting ideas for possible program after LS2 (20204)

Thank you for your attention! )
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Backups: Sivers from SIDIS in DY Range
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The SIDIS x and Q? range was divided into : — —
i 2 ' 02 04 06 08 05 1 15
several bins. 10 e j o, O

The Sivers asymmetry from 2010 data in the
bins (http://arxiv.org/abs/1411.1568). The
kinematic range compatible with our DY
acceptance is highlighted.

Sivers asymmetry in compatible range measured and nonzero.
Just the DY-part of the riddle is missing...
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Backups: Collins Asymmetry
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Backups: Drell-Yan Acceptance
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