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Collaboration: 221 Members

Bochum, Bonn, Calcutta, CERN, Dubna,
Freiburg, Lisbon, Mainz, Moscow,
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Saclay, Taipei, Tel Aviv, Torino, Trieste,
Urbana-Champaign, Warsaw

[COMPASS, P. Abbon et al., NIM A 779, 69 (2015)]
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COMPASS-Il program:
e 2012: Primakoff, DVCS test
e 2014: DY unpolarized

e 2015: DY transv. polarized

« 2016/2017: DVCS & SIDIS




Hard e.m. processes
e Spin structure

e TMDs

e GPDs

Diffractive dissociation
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* Hybrids, exotics
e Scalar states

COMPASS

Photoproduction
* Polarizabilities:
e Spectroscopy



New 31(1420) universitétbo'n!
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Press Echo

Science Ticker

Particle Physics

New particle may be made of four quarks
By Andrew Grant 4:48pm, February 2, 2015

Das Wissensmagazin

Rubriken l] Freitag

, Exotischer Teilchenzustand gibt Ratsel au
B Neu entdecktes Zerfallsprodukt ldasst sich nach géa
Physik nicht erkldren

N Physikalisches Ritsel: Forscher des CERN |
&". im Teilchenbeschleuniger ein unbekanntes
™ Teilchen entdeckt. Noch ist unklar, ob es si
~ eine exotische Kombination aus zwei Mesol

: ein Partikel aus vier Quarks handelt. Klar isf
CERN's cOMPAss i dagegen, dass bisherige theoretische Erkla
das Verhalten dieses Teilchens nicht ausrei
beschreiben. Ein Physiker bezeichnete es di
"neues Mitglied im Club der bisher unerklar
Zustinde®.

universitatbonn

Das Physikportal

Exotischer Teilchenzustand gibt Ritsel auf

01. September 2015

COMPASS-Kollaboration am CERN entdeckt newes Meson aus leichten
Quarks

Eine exotische Kombination von leichten Quarks haben Wissenschaftler der
COMPASS-Kollaboration am CERM beobachtet. Die Entdeckung gelang bei

CERN entdeckt neues Teilchen fiir
den ,,Club der unerklarten
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Nature of new Structure? Universitétm'n,ﬂ

e 4-quark state candidate [z-c. wang, arxiv:1401.1134], [H.-X.Chen, PRD 91, 094022 (2015)]
K"K molecule (similar to X(3872) interpretation)
* Interference of Deck pm S and fym P-wave [i.-L. Basdevant et al., PRL 114, 192001 (2015)]

1 Triangle SiﬂgU'&fity [M. Mikhasenko, BK, A. Sarantsev, PRD 91, 094015 (2015)]
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— Decay of a;(1260) - K*K above threshold
— Final state rescattering of KK to f;(980)
= logarithmic singularity of amplitude if particles close to mass shell
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Hard e.m. processes
e Spin structure

e TMDs

e GPDs

Diffractive dissociation
e Spectroscopy

* Hybrids, exotics

o  Scalar states

COMPASS

Photoproduction

-_Polarizabilities: 7

e Spectroscopy




PiOn Polarlzablllty universitétl:m'n.l'!‘
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@ e.m. processE

e Spin structure
e TMDs
e GPDs

Diffractive dissociation
e Spectroscopy

* Hybrids, exotics

o  Scalar states

COMPASS

Photoproduction
* Polarizabilities:
e Spectroscopy




Proton Spln StrUCtUre universitétm
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e Gluon contribution small but not
strongly constrained
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[C. Adolph et al., subm. PLB, hep-ex/1503.08935 (2015)]
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Gluon Contribution universitétm'nﬂ

Leading hadrons (all pr): Single-inclusive hadron production:
 LO analysis  NLO analysis
« Compared to NLO fit  Theory: W. Vogelsang et al.
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Imaging of the Proton Unwersitém'nﬂ

Full information: Wigner distributions (5D) 1 impulse
. k’L
» Correlation of quark k;, b, and x as o y
function of N and g polarization .
o G . x P Dy Peen
* Projections have probabilistic interpretation

Wix,b,,k,)

Wigner distributions

™~ V4
[d*b, [d’k,
Fourier trf.
R %4 b, <A £ i)
f.(x-k}-) f(xabr) i 3 II(.I'-;”*!) c |
transverse momentum impact parameter i=-4 generalized parton
distributions (TMDs) distributions distributions (GPDs)
semi-inclusive processes exclusive processes
£ Y — —
[dk, [dp, [ax [ dxx""
f(x) F,(t) A, ()+45°A,,(D+....
parton densities form factors generalized form
inclusive and semi-inclusive processes elastic scattering factors

lattice calculations

[A. Accardi et al., arXiv:1212.1701 (2014)]
B. Ketzer COMPASS




nucleon polarisation
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« 3 PDFs which survive integration over k-

« 8 PDFs with quark intrinsic k; :Transverse-Momentum Distributions
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Multidimensional

analysis of 8 TMDs in
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« Sivers effect © distortion of parton transverse momentum distribution due
to N polarization

* Needs orbital angular momentum

« QCD predicts sign change of T-odd TMDs COMPASS is the only

experiment which can do

— f lT‘DY both with the same setup!
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Drel | 'Yan universitétbo'nﬂ

e Pion beam: uZ + ub doPY  f7 @ fP B (Py)
¢ 190 GeV/c n beam: 108/s
 Transv. polarized NH, target (Bochum) AP,)
e Hadron absorber
Had s
Target System Abzorrgre]r Detector de\{ggti):..
._le. T *" Absorber Close-Up
E : lf : a AIuminiqm-O)_(ide Body
[ . | + l (Coated with Stainless Steel)
i T == L 9 \%
I i o I I 1 S LU | Target Cells . ——————
e ; ¢
e Ll

Tungsten
(Beam Stop)

 New SciFi vertex detector (Bonn HISKP)
e Dimuon trigger system (Bonn PI, Mainz)
 DAQ upgrade (TUM)
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Drell-Yan Run 2014/2015

u niversitétbonn

2014: 3 week pilot run, unpolarized

2015: 4.5 months, transv. polarized
target (P = 80%)

Statistics:

Data # ev. M] 1 #ev. M > 4 GeV
2014 [140TB | 250 k 8 k
2015 |740TB | 2.7 M 80 k

COMPASS

—— Combinatorial Bkg
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COMPASS DY 2014
M, > 4 GeV/c®




Drell-Yan Run 2014/2015

2014: 3 week pilot run, unpolarized

2015: 4.5 months, transv. polarized
target (P = 80%)

Statistics:

Data # ev. M]N, #ev. M > 4 GeV

2014 | 140TB | 250 k 8 k

2015 | 740TB | 2.7 M 80 k

Expected statistical error on Sivers asym..

2.8%

COMPASS

Events
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3D-Imaging in Configuration .
universitétbo'nﬂ

Wi(x,b, k)
Wigner distributions
~ Vs
[d'b, (d’k
Fourier trf.
& 4 by <A E=0
flx,k,) flx,b) 4 h| H(x,0,1) ¢ :
transverse momentum impact parameter t=—A generalized parton
distributions (TMDs) distributions distributions (GPDs)
semi-inclusive processes exclusive processes
V4 ~ p— —
[d’k, [d'b, [dx [ dxx"
y’ \ - >
flx) F(t) A, (D)+4E°A, (D) + ...
parton densities form factors generalized form
inclusive and semi-inclusive processes elastic scattering factors

lattice calculations

Generalized Parton Distributions H, H, F, E(x, &, t, QQ)
longitudinal parton momentum x
Vs transverse coordinate b

Experiment: DVCS and HEMP

» 3-D image of partonic structure of the nucleon
e Unpolarized target => H

» Transversely polarized target = E

B. Ketzer COMPASS







DVCS Test Run 2012 IFY

0.005 < X, < 0.01 0.01 < x, <0.03 0.03 < x, <0.27
S| compasszoi2 « Data 0 bgd. MC
S i e | \ 1268 events
: -+-|_ BH + max r° bgd
0.8+ 0.4}
0.1
0.6/ 03l
0.4} ol +
0.2 A ¢
¢ ! st
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~ -100 0 100 ~ 100 0 100 o
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Exclusive events selected based on azimuthal angle and transv. momentum
Main background: y from r,, estimated by MC

Analysis of t- dependence of pure DVCS contribution ongoing

2016/2017: DVCS run with 190 GeV u™, u~ beam
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COHCIUSlOnS universitétbo'mﬂ

@ COMPASS: laboratory for precision studies of strong interaction
@ Fresh view on light meson spectrum: PWA, dynamics
@ Low-energy limit of QCD, chiral PT studies
@ From 1D to 3D picture of nucleon: TMDs and GPDs
@ Strong collaboration with theory colleagues
@ Primakoff run in 2012
@ DY run in 2014/2015
@ Now preparing for DVCS run in 2016/2017
@ Extension for 2018 being prepared: DY, spectroscopy

@ Long-term perspectives:
= DVCS with transv. pol. target, DY flavor sep., TMD evolution
= Spectroscopy of strange mesons, Primakoff reactions
= Workshop in 2016 on further possibilities

COMPASS




	COMPASS�Recent Results and Status
	The COMPASS Experiment
	COMPASS – A QCD Laboratory
	New a1(1420)
	Press Echo
	Nature of new Structure?
	COMPASS – A QCD Laboratory
	Pion Polarizability
	COMPASS – A QCD Laboratory
	Proton Spin Structure
	Gluon Contribution
	Imaging of the Proton
	3D-Imaging in Momentum Space
	Polarized TMD: Sivers Effect
	Drell-Yan
	Drell-Yan Run 2014/2015
	Drell-Yan Run 2014/2015
	3D-Imaging in Configuration Space
	Foliennummer 19
	DVCS Test Run 2012
	Conclusions
	Spare Slides
	DVCS
	DVCS
	State of the Art Lattice QCD
	Unpolarized TMD
	Transversity
	Exclusive w Production
	Foliennummer 29
	Foliennummer 30



