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Hadron beam analysis
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Diffractive resonance production in ©p-> 11:‘11:+ﬂ:‘precoi|

X~ Bachelor

& Isobar model
Tt Partial waves :

- JPCME [isobar] L

JPC.exotic me

Target Recoil

2008 £H, data, 4 X 10" m ™ p

3.6 x10°7t p > n nxwY

Partial Wave Analysis (P
Step 1:In (M5, t’) bin
Impose iso

Step 2: M;_dep s on selected waves,

combined fit of t’ bins
(same'mass, width; different background and couplings)

Extract resonance parameters
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A look to major waves

Good agreement between charged #~nt ©~ and mixed wam® ©° final states
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Spin exotics JF¢ =1~

 Both analyses show a br
GeV/c?.

* However, slow ph
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s a,(1260)

ribution without a clear peak at 1.6

GeV/c? (no resonances expected), exhibits fit



Spin exotics JF¢ =171

Striking t' dependence of JF¢ =
1% pmP spectrum.

— low t’ the wave exhibits a broad intensity
distribution

Number of Events/(20 MeV/c?)

— Increasing t’ the intensity shifts towards
higher masses leaving a narrower peak at
about 1.6 GeV/c?

i.e. spin-exotic influenced by non-
resonant contributions (interpr
depends on non-resonant ter
modelling)

Number of Events/(20 MeV/c?)

Green points; modelli eck effect
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New iso-vector meson a;(1420)

We have identified a new iso-vector axial-vector meson with of
JEE 11T, the a,(1420):

e mass of 1420 MeV/c?

, a (rather s

Exotic (non-qq) features sinc
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Interpretation
The a,(1420) signal inside the 1707 f,(980)7P wave has a strength about 100 times less

than the main wave, 1*70% p7S (it can be the reason why escaped

experiments).

ection in previous

Still unclear the origin; possible explanations:

Particle JPE  Mass Range Width Range PDG Values
— It can be associated with the f;(1420), an is preliminary  [MeV/e]  [MeV/]  m[MeV/c®] T [MeV/c?]
scalar resonance with strong coupling to K “Established” states
final state, often interpreted as a molecu ar(1260)  1FF  1260-1290 360420 1230440  250-600
state: almost equal masses and similar a(1320) 277 I312-1315 108-115 13183755 1075
; . . . - a4(2040) 4T 1928-1959 360400 199675° 255738
widths (first time that an isospin par
IR i< were discovertl m(1670) 27+ 1635-1663 265-305 16722430 260+ 9
B C States . G:'.e _SCO ere ‘ 7(1800) 0=F  1768-1807  212-280 1812412 208412
— Another possibility is a dynami m(1880) 27T 1900-1990  210-390 1895416 235+ 34
through the Strong COUplmg States not in PDG summary table
a,(1420), f,(980)m, and a1(1420) 1T 1412-1422 130-150 — —
a4 1+ 1920-2000 155-255 193073 155 + 45
a 2+ 1740-1890  300-555 195073 18073
24/06/2014 COMPASS SPSC STATUS REPORT 9



Conclusions

* A large effort in view of publicati

— Three publications foresee

A short letter on the fi
 The results from th

1420) state
e decomposition in mass

ore detailed results on the
endencies of various resonances.

* Along paper
parameters

All three pap re currently in the drafting stage

24/06/2014 COMPASS SPSC STATUS REPORT 10



The search for Z-(3900)

* Z:(3900) was recently discovered by the BES-IlIl and Belle
Collaborationsinete™ — (ZZ-—r - |/ at /s = 4.26

GeV

oo Ryt

STUDIED y ” +REFERENCE
4 Zn% —/

oy
A

p

e Z-(3900)canb
photon with

nucleon (exp
COMPASS)

24/06/2014

y the interaction of an incoming
charged pion provided by the target
ed 0~50 + 100 nb in kinematic region close to

COMPASS SPSC STATUS REPORT 11



Limits on Z-(3900) in COMPASS

Expected mass resolution ~15 MeV/c? (as for 1(2S) in the spectra of |/

YT )
*  Upper limit for N/* = 13, while for the refere

o
yN—>Z%(3900)N

XBR(J/ym)

B~

counts/0.02 GeV

OyN-J /YN

JyN—>zg—L(3900)N

S we counted

x BR(J/3m) < 31 pb

[}y < 1.8 MeV/c?
since

[ior = 46 MeV/c?
What is the main
decay mode?

PG A

[
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vl bl
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VBN | (/) 070/ Tap X
range (GeV) GeV BR(Jm), 10732 (CL=90%)
Full 13.8 2.2
< 12.3 10.8 7.0
[12.3,14.1) | 132 22
[14.1,15.4) | 147 6.6

12

> 154 16.4 4.4




Muon beam analysis
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Global NLO QCD fits to world data on g4
e 138 out of 679 points are from COMPASS

i
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g1 =5 (e?)(C5(as)®Ags + CNS
Aqs = Au + Ad + As; Aqys isa

3 = Au — Ad and Agg = Au + Ad — 2As

Evolving as First moments of Ag; and Aqgg fixed by baryon

d a,(Q?) decay constants (F + D) and (3F — D) assuming
dIn Q2 Aqns = = ® Aqys SU(2)f and SU(3) s symmetries.
2 x%k (1 — x)Pe(1 + ypx + py/x
d <AqS) b s (OSUNESI2 1 AP, (Aq5> Afe(x) = Mg — ( )Pe(1 +yx + pyx)
dInQ?\Ag 2 \ARyy ARy, Ag Jo (1 = x)Pr(1 + yix + py/x)
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Results

3 initial Ag shapes; positive, negative with node.

g g F === COMPASS NLO fitto g world data
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Ag/ g using “all p;” events

* The main goal is to improve the extraction by removing few sources
* However, also a considerable reduction of the statistical error
* Three processes contribute to the cross-section

ystematic effects.

was achieved.

A
RPGFafLG = (xg)

AP (x) = Ry oDATC (x) + Rpgc g

e Simultaneous extraction of

e Extraction based on effe
weights (R;) and anal

*  Process weights de

o description of all processes giving the relative
i
LL

n pr (at small pr LO contribution is > 0.95)

24/06/2014 COMPASS SPSC STATUS REPORT 16



using “all p+” events: correlations
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Ag/ g using “all p;” events: results

= 0.113 £ 0.038 + 0.035

=0.10

T, range Ag/g

0.6
D - ° COMPASS, all p_, Q%1 (GeVic)?, prel., 02-06
o L COMPASS NLO QCD fit, AG >0, prel.
< | — — - COMPASS NLO QCD fit, AG <0, prel.
04 - COMPASS NLO QCD fit, AG node, prel.
0.2
0 —— T o
""""""""""""" ~
L e ~
— —— — -
0.2
_04 | I I I I TR R | I I I ! Ig:O.IQ
1072 10° ,
Xq 1y =0.19

0.04 —0.13 | 0.087 = 0.050
0.07 —0.21 | 0.149 + 0.051
0.13-0.28 | 0.154 £0.122
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Test of universality

T-odd character of the Boer-Mulders and Sivers ftm‘ctions

In order not vanish by time-reversal invariance T-odd SSA require an
interaction phase generated by a rescattering of the struck parton in

the field of the hadron remnant
b N NN g
DY i:-u initial state Mreracnons
* é‘)——* before hard em-scaitering
Ny past-pointing Wilson-line

VNN r_:c;—'————'_'—_'
{ j ; Sj Jfinal state interactions
=4 after hard em-scattering
SI DIS N -~ Juture-pointing Wilson-line
ey change sign to provide the gauge invariance

these functions are process

Time reversal

h 1 (SIDIS) = —h7 (DY)
Boer-Mulders

£17 (SIDIS) =—f{F (DY)[
24/06/2014 co™M S REPORT 19
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Q“ vs x phase space at COMPASS

10° - C@F vs. x at COMPASS
A Drell-Yan (MC)

COMPFASS preliminary

102— Proton 2010 data

1ol SIDIS (2010 proton data)

1 1
10’ 10 10!

10—

10°® | 102 107 1

__—
The phase spaces of the two processes overlap at COMPASS
=>» Consistent extraction of TMD DPFs in the same region
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Mean TMD SSA for the four Q% ranges
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The Collins mechanism The Di-hadron Fragm. Funct. mechanism

J- Collins, NPB396 (93) Collins, Heppelman, Ladinsky, NP B420 (94)

Py,r=0
collinear!

e T qm' P2
y Py xRrp- SIT ox cos(ds: — (PR, + 7r/2))
Collins angle T
' = cos(m — ¢s — (PR + T/2))

= sin(¢r, + ?s)

s i "k
7 k—— ' ."' 0 ; 7 '_ — /.-2----* Ph
™ 4 —'_',’ ‘ 55 ! r

kXPh-SToccos(g— )=sincb

transverse i’notion of hadron azimuthal orientationlof hadron pair
spin ana]yzer of fragmenting quark spin analyzer of fragmenting quark
single-spin asymmetry —> convolution single—spin asymmetry —> product
A9 o [ 0 HE T A#Rt99) o (o) HX9 M0z, B)

Radici, Jakob, Bianconi PR D65 (02); Bacchetta, Radici, PR D67 (03)

TMD factorization , s
collinear factorization

evolution equations understood
Ceccopieri, Radici, Bacchetta, PL. B650 (07)

[M. Radici, IWHSS2013]



Interplay between Collins and IFF asymmetries

common hadron sample for Collins
and 2h analysis

"2 0.10
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-0.10

Hint to a at a common physical origin for the Hi-and the Hf as originally suggested by different miodels
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Sivers asymmetry on deuteron for Gluons

Azl;l(ﬁbzh—ﬁbs)(x) — RLOAzlon((ch—CbS) (x) o8 RQCDCAZIE‘I]()%Zh_qu)(x RPGF A;lglg-qbZh_qu) (xg)

Correlation between azimuthal
two hadrons ¢, (assumption

¢4 and azimuthal angle of the

pﬂ>0.7[GeVlc], pT2>O.4[GeV.'c]

24/06/2014 COMPASS SPSC STATUS REPORT 25



Sivers asymmetry on deuteron for Gluons

First extraction of the Sivers function for gluons

;‘” 0.4

! p 0.2

2 o 0

= ¥ -02f *

{ 0 4 [ A 1 .
107 107 Xg

ASNP21=99) (¢~ 0.126) = —0.14 £ 0
Measured asymmetry is small in pectations

* Based on deuteron COMP y and Gardner [Phys.Lett.B643:22-28,2006] foresaw gluon

Sivers fir, = 0

* From the analysis of PHENIX data at mid rapidity, Anselmino et al. [Phys.Rev.D74:094011,2006 ] put
constrains to fir ; at small x
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Exclusive p° production on p™
W

new ®* COMPASS, PLB 731 (2014) asymmetries published also as functions of xg;, Q? and p?
o ~E ~H ~H 1 ~ET
sm g -

AUT -.I' '::> Az;;(q “UO'O——ZIITI w"' @@ E (]—- ++/M0+ ++]
b A
in(@+05) |
oA . ¢
AR®e ? > AR o, —Im[M; @1
sin (36— ¢y) i -
Aur | s e M "ET ~E
sm% i r:> Asm((rl —I m[@ /—\ M
AUT L J 0—, +/w u+ ++/ A
@-o) |
aze .
Aol T P

. > AR e

cOoS Og EPRET, 0 —+ Y 0+ ,0% 0+ 4/
ALT LEJlu i 1 i ; L A x_/

-0.2 -0.1 0 0.1 0.2
(A) My, vy helicity amplitudes
@ asymmetries small, compatible with 0, except 0, unpolarised cross section

A= _0.019+0.008+0.003 Hy(x, 0, 0) = hy(x)
E, = 2Hr - E;

& indication of Hy, ‘transversity’ GPD, contribution

@ larger effects for some asymmetries expected for exclusive ® production, ongoing analysis



Pion multiplicities (ud — ur*X)
 Multiplicities are defined as the differential cross sectiond@fhadron
production normalized to the inclusive DIS cross segll

P d*c"(x, Q? 2z)/dxdQ*dz  AxAQ*  N'(x, g€ q(x,Q*)D{(z,Q0%)
o5 (x, Q2)/dxdQ?  NPB(x, Q) >, eZ q(x, 02)
J _ I Fo.é;z-u.us_% sk F0.62—0.03_%
2 — 1k
15F 15 F )
tE E _ : NLO fit of DSS
osE ost 1 [PRD76:074033 2007]
s E S F FU.éE-U.Méé_
oF oF Pion analysis is
E L finished,
CE Cr Now kaons!
15 E 5 b
2E COMPASS 1~ 2
15 F 15 F
1 E — THISFIT E
os b F 4 ——ercL 05 | E
E 1 1 1 5 1 1 1 t — o)! CL. : 1 1 1 E 1 1 1 1 — o) CL.
025 05 071 1 023 05 03 1 035 05 075 1 025 05 65 1
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Quark FF from pion multiplicities
* LO fit performed (MSTWOS for PDFs)

— Imposing isospin and charge symmetry

— Assuming DF" = Dﬁi D'(z,Q§

1-2)Pi[1+y,(1 - 2)%]

- y 4 T
Only two pion fragmentation functio and D[ .y
u:a Q’=3GeV’ | Q’=3GeV’
H-KNS (ete” only) COMPASS 2006 0s COMPASS 2006
07 preliminary preliminary
06 04

DSS

%5
O 03
04 N
03 02
02
0.1
0.1

20y
-IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

=]
(=]

L L L PR T T ESY SO IR MGk Lok, o e
03 0.4 05 06 0.7 [ER:]

o
ta
o
a
=]
Y
=
wn
o
S
=]
~
=]
=
=]
ta
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Conclusions

* Progress in the analysis of longi al,

transverse and unpolarize

ensional
to account of the
tions shown

* Moving from single
analysis of the da
large dynamics
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PREPARAYION
FOR THE SHORT

DY RUN



Standard COMPASS Spectrometer+

Hodoscope

E/HCALZ2
E/HCAL1 SM2
RICH1

SM1

Muon Wall 2,
MWPC

Polarised Targs MWPC, Gems, Scifi,

W45

Muon Wall 1
Straws, Gems
Scifi, Silicon Micromegas, DC, Scifi
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Hadron beam: Drell-Yan setup

polarised
target absorber
1 4
=
I
beam Al
S .
[]
T

24/06/2014

RICH
1
SM1
1
L
il g i
i

ECAL1 HCAL1
1 1

MF1
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Major activities

 Magnet repair and installation
* New DAQ preparation
* DC5 construction a

e Absorber constr
e Sci-Fi vertex d

24/06/2014

e PT target

ion
nstallation
the DY

COMPASS SPSC STATUS REPORT
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Magnet repair and installation

e After repair and consolidation a power test atfull current was

performed successfully by the end of

e The magnet was moved to 888 of April and presently

the work for reinstalling it is
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Target preparation

— Preparation of a two-cell target

— Consolidation of the 3He pump system

Ongoing as planned
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New DAQ preparation

 Ageing of DATE and no revision foreseen for SLC6

e New custom made DAQ system based on hardware e
of software packages for control and monitorin

der together with a set

e The event builder is implemented in nin
— Eight modules perform data concentratio

— The ninth module receives assembled s
building, and distributes them to up t

nts from up to 15 front-end modules.
irst eight modules, completes the event

Sustained system
bandwidth is 1.5
GBytes/s

Trigger Control System network

37




DC5 construction and installation

target = 4mm
-0mm +0.05mm




Absorber construction and installation

e Tungsten core to absorb the uninteracting beam

ractions in the target,
tiple scattering

e Alumina body (Al,03) to absorb hadrons from pionii
while minimizing muons (from DY m~p — utut




Sci-Fi vertex detector

e Ready for installation when shielding around the absorber installed

No vertex detector

Z vertex resolution (cm)

- +
+ 4+
12— ty

vertex 2 —>
detector

i 3 é

(AAANAAY - N

I|III|III|III|III|III|III|III
-280 -260 -240 -220 -200 -180 -160 -140
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Publications and talks at conferences

e Publications last 12 months

ol

1. Transverse target spin asymmetries in exclusive p” muoproduction, PLB B 731 (2014) 96 and
CERN-PH-EP/2013-191,

2. Measurement of azimuthal hadron asymmetries in semi-inclusive deep inelastic scattering off unpolarised
nucleons, accepted for publication in NPB and CERN-PH-EP/2014-009|

3. A high statistics measurement of transverse spin effects in dihadron production from muon-proton semi-
inclusive deep-inelastic scattering, accepted for publication on PLB and CERN-PH-EP/2014-013|

4. Measurement of radiative widths of a9(1320) and 72(1670), Eur. Phys. J. A 50 (2014) 79, and
CERN-PH-EP/2014-041|

5. Spin alignment and violation of the OZI rule in exclusive w and ¢ production in pp collisions, submitted
to EPJA and|/CERN-PH-EP/2014-096|

6. Measurement of the Charged-Pion Polarisability, submitted to PRL and |CERN-PH-EP/2014-109,

— Three more papers in tion + other drafting close to finish

* Talks at confere

- 138 presentations to Conferences and Workshops in 2013;

- 55 presentations to Conferences or Workshops in 2014, till June 20.
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Pion polarisabilities - Primakoff 2009 data

Polarisabilities: deviation from pointlike parti

electric (o) and magnetic ()
P om Ch PT:

w4+ Br = (0.24+0.1)-107*m°
= (5.7+1.0)-10*fm?
(2.9 + 0.5) - 10~*fm°

A 4 i A

E — B -
(e @

[ —

A L A

o
3
|

eriments inconclusive:
o.—-B, = 4-14 .10

assuming (o4, =0)
, Compton cross section is proportional to o, — 3.

1 ¥ nTy—2> mymeasuredvia TZ2>nZ vy
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Pion polarisability - result

(with RC, pion loops, Ni FF)

R

2009 data 7 Ni = 7t Ni y
* high resolution vertexing, precise calorimetry, calibrati
* precise MC description of spectrometer performa

lignment

o, extracted from comparison of data t

world avg.: (7.1 £1.5) 107 fn’
x!
COMPASS 2009 COMPASS 2000 Serpukhov  3.14
E—— _ - C E —— _ N 1
115 mNi—sn YN Z 1158 WNi—p yNi f PACHRA 094
= 2 MAMI 1.78
11 ERRSIS COMPASS 277
1.0 I £ 105F | 8.63
1 = | N 2 W 15 | (CL=0.03)
095 0.95F |'
0.9 0.9F |'
E |
085 0.85F '
N . B 1 jGIS(lOOﬁ)
04 03 06 07 08 00 04 05 06 0.7 08 0.9 I TN T P
X, X, ] 10 20 30 40 50 &0 70
a, - (107 ]

0 = (2.0 £ 0.65 = 0.75y5) X 10* fm3
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Bjorken sum rule

 The new proton data allow to improve the test of the Bi@Eken sum rule
performed by using COMPASS data alone.

0% = 3 GeV/c

1
1194
[ (Q?) = j gi° (6, Q%)dx = 2 [0 GHls ,0%)=g71 (x,0")-g1 (x, Q*)
0
%mf 0.1 i o gx2 —
>coos ?-ﬁ**? o
T 0.15(— +§
0.06f ’ ¢
r o ¢
0.04f ®
C [
0.02 0.05 ¢
[ (Q%) = 0.190 % 0.009, + 0.0154y Bjorken sum rule validated
within 4%
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2012 data analysis — Primakoff run

In progress:

 Data production delayed by finalization of 200

* |Improvements of ECAL signal treatmeni gnd data being

processed
e Good vertex resolution achieve

=4 =
=] =)
& s

1 scattering angle © (rad)
[=]

T scattering angle © (rad)

=

-40

-20 o
Vertex Z (cm)

(a) 2009 data. (b) 2012 data.
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2012 data analysis — DVCS run

0.3<P,P<0.5 GeV/c

Many improvements:
e C(Characterization of CAMERA RPD well advang

— Time/Position calibrations
— Efficiency according to expectations
— Impact of exclusive reactions selecti

50
0

50
300
250,
20

50

222
p 8888
Lkt |

- =2
.5 < P,* < 0.8 GeV/c
oE

— We do not necessarily foresee th
detector allows to reach the e

e ECALs characterization
— ECALO, ,, ECAL1 and EC

— Improved time/ampli
thresholds closed
the meanwhile

Ing A slabs, provided that beam

or noisy part of ECAL1, allowing to lower the
ed value of 300 MeV [PS: noisy bases have been replaced in

* Flux determin@@@tinder study. Progress but 3% not yet reached.
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2012 data analysis — DVCS run

Next steps:

e Production of MC data with LEPTO and HEPG
events for acceptance corrections.

e Determination of DIS cross sectio
e Determination of the BH, DVE

* Study of the t-dependence
with u*and u= beams

24/06/2014 COMPASS SPSC STATUS REPORT

nd 1~ data.
Ctions as a function of x.
DV/CS cross sections induced

SIDIS and exclusive
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COMPASS spectroscopy

Mesons quantum numbers in %

S=01 J=0[+5 P=(-1t c=(=-1t*s
forbidden (exotic QN’s)

felete)
more states in QCD:

hybrids , gluel

Diffractive diSS@€iation:

Target Recoil
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(e d
-

Four Momentum Transfer t' (G

0.8

0.7 i Il

0.6

HiH
06 08 1 12 14 16 18 2

Mass of the wrnt® System (GeV/c?)

11 x 100 (t',M,_) bi

24/06/2014

22 24

Shape of massin 2 t’ bins

Number of Events (3 MeV/cz)

=2}
(=}

50

40

30

X

—

(=]
T

mp — mUn"p (COMPASS 2008)

(=]

t’ ~ 0.1 Gev?/c?

[=}

1 2 3 4 5 6 g
Mass of the mmn* System (GeV‘M

Number of Events

10°

107

10

7p — AW p (COMPASS 2008)

t’ dependence for
M, ~=0:8 Gevyc?

L P I L
0.2 0.4 0.6 0.8 1 1.2

Squared Four Momentum Transfer (GeV?/ czﬁt
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3

2M

Vi

Number of Events (5 MeV/c?)

Number ghfivents

—

=
<

p — W (COMPASS 2008)

t'~04-1

OO

1 2 3 4 5 6 U

Mass of the Trn" System (GEM 3
T

Tp — TR p (COMPASS 2008)

10°

Y o

M a6

0.2

P It L L
0.4 0.6 0.8 1 1.2

Squared Four Momentum Transfer (Getlf’cE)
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PWA M, dependent fit, ex: 2++

v 3
1—(2++)1+ rho pi D

* Mass depen
using a

1—(2++)1+ rho pl' D

— ¥
- 1—(2++)1+ rho pi D -

12¢24+)1+ rho pi D

152441+ rha pi D

Events/ 20

-
- 15@+ )14 thopiD =

N

-a2 (1320)
+ BW-a2 (1950)
+ Bkgd

i 3
1=(2++)1+ rho pi D

Lt
] -
1—(2++)1+ rho pi D

. - .
- 1‘—(2++)1+ rho pI!D -

isq’m of 11 bins

il
. 0
1—(2++)1+ rho pi D

24/06/2014

!
1 T
1—(2++)1+ rho pi D

= !
T -
- 1—(2++)}1+ rho pi D -

COMPASS SPSC STATUS REPORT

104"§

for 5 selected waves,
resonance + bkgd.

sum of 11 bins

log scale,

125 15 178
1-2+1+rhopi D

Gme\f"
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Need of a a; and a,

24/06/2014

110" p(770) S

{21 p(770) =D

2 2 3

—
o

—

06081.01.21.4161.82.02.2240.60.81
ET T I T [V A [T AT [T T[T T[TV T[T T[T T T [TT T[T [TTr[IoT

IIII-F'II

- 3-50

Mass of " *x” System (GeV/
AHE A

1150

100

1100
1150

Number of Events/(20 MeV/c?)
El 2

©p - mmwp (COMPASS 2008)
0.100 < ' <0.113 GeV¥c?

Mass-independent Fit
Mass-dependent Fit
Resonances
Non-resonant Terms

10t LEL
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Deck effect

contribution

irtual r. The virtual
€ron) into a real state.

* Anincident beam pion dissociates into a p.@
scatters diffractively from the target

p s XR’p (COMPASS 2008) x10° p s FRn'p (COMPASS 2008) 5
1A G 04f % 2F _ %10 ©p = EXTP (COMPASS 2008)
m E F 2 1sE L 22516707 p(770) T H 0.70%
,_)_< Z 035 E LeE- E 20 0.100 GeVe? <t <1.000 GeVie?
- £ 03 g "F S of t
5 18 s
T T 2 ERE 8 18t " **'ﬁ*#t“‘i'
025 3 12 £ 16F RAA
- F 5 2 E W
£ 02F H 1] 2 M ?Jm Fu
z z S E
P\R 0.15F 08 5 2F ‘4’?
0.6F E 10F +
0.1 E = £ o
/ \ 0.4 . sE b
F c o
p p 0.0sF o o A
P
PP IR IR P T I PPN I B B I L E e
L5 2 25 04 06 08 1 12 14 16 18 2 22 4 @c:‘
Mass of the TRR" System (GeV/c?) Mass of the 7" System (GeV/c?) 2: g
= Lt
0 Ercbamatbamsarbens T L L L Lo Lore L
06 08 1 12 14 16 . 2 22 24

Mass of the T System (GeV/c?)

with A=

Aqp T p elastic scattering amplitude
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T p—>n T an p

3 pions, 1 = 1~, Pomeron isoscalar

! S do
b = by + 4apln g EOC

0" t(m™) + 27" (Pome

(27")L=0®

(1++, 2++’ 3++)L=1@
(0—+’ 1—+, 2—+’ 3—+, 4_+)L=2®
(1++’ 2++, 3++’ 4_++, 5++)L=3®
(R 2+, 37147+ 5 6, ..
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Assumption: resonances dominates the intermediate
X~ [JPEM€] state: this means that the amplitude can

= - % DY (my, 7)
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“Further” states

Particle JPC Mass |[MeV/c?| Width [MeV /c?|
“Established” states
ap(980) 0T+ 980 £ 20 50 to 100
ay(1260) 177 123040 250 to 600
a2(1320)  2¥+  1318.3%0%7 107£5
ap(1450) 0Tt 1474419 265+ 13
ay(2040)  4FT 1996710 255128
w(1300) 0=t 1300+ 100 200 to 600
m(1400) 1=t 1354425 330+ 35
m(1600) 1+ 166275 241 + 40
ma(1670) 271 167224 3.0 260+9
w(1800) 0—t 1812+£12 208 =12
m(1880) 27T 1895+ 16 235+ 34
States “omitted from summary table”
ai(1640) 177 1647 £22 2564 +£27
ap(1700)  2¥T 1732+ 16 194 +£ 40
m(2100) 27T 2090 +29 625 + 50

24/06/2014

COMPASS SPSC STATUS REPORT

az(1875)  3*+ 1874443 +96 385+ 121+ 114
a1(1930) 1+ 193013 155 + 45
a5(1950)  2FF  1950%30 18073
a3(1990) 2+t 20504+ 10+40 190+ 22+ 100

2003+ 1019 249 + 23 + 32
ap(2020) 0+ 2025+ 30 330 + 75
a5(2030) 2+ 2030+ 20 205 + 30
a3(2030) 3T 2031412 150 + 18
a1(2095) 17T 20064+ 17121 451 +41+81
7(2005) 2=t 19744+ 14483 341 +61+139

2005 + 15 200 + 40
71(2015) 17t  2014+20+16 230+32+73

2001 +30+92 333+ 52+49
7(2070)  0~t 2070+ 35 3107 10¢
X(1775) 27T 1763420 192 + 60

1787 + 18 118 + 60
X (2000) 7" 1964435 225 + 50

~ 2100 ~ 500

2214+ 15 355 + 21

2080 + 40 340 + 80
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do

aZ y2 }/2
2 - 2 — 1+ - X(FUU,T+8FUU
dxdydzdPR“ d o, dy xyQ< 2(1— &) 2X

§

L

S 4

L

1+ cos g, x

sin(3p, — @,) x (g “nC

_COS @, * (w/28(1 — &)

sin @ x \/[2e(1+ &) A" ™ + sin(2p,) x gAj'"(
\/1—5 A, +cosp \[2e(Q— )AL
sin ¢ % <\/28(1—+8AJ"1¢S )

sin(p, — @) ><( s-Tn(wh ¢S))+

sin(g, + @) x (e S'”‘¢h+¢’s)) 4
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ransversity

@»@»
D Gior)
D Giaxs

pretzelosity

0[']11 gear

Boer—Mulders

-O> nucleon with transverse or longitudinal spin

- @ parton with transverse or longitudinal spin
—) parton transverse momentiunm

Proton goes out of the screen. Photon goes into the screen

istributio

° unpolarised
: Sivers :

@ helicity
m worrn—gear T

k, — imtrinsic transverse momentum of the quark




Top—~>Bottom

A=0 @ [ dk,
G- G

Nucleon polarization Nucleon polarization
U T L ) T L
C C
2 O
= =
= U fi hi & U H Er
& © 1
S T it huhir it 2 T E HpH E
S S
= L hiy, giL = L Er H
(a (o

* distributions in red vanish if there is no quark orbital angular momentum

* quark GPDs (at €=0) and TMDs given by the same overlap of LCWFs but in different kinematics
o each distribution contains unique information
o no model-independent relations between GPDs and TMDs



SIDIS access to

o(lp —> ¢'hX) ~g(X)®67"'® D" (2)

~ O~
o

Nucleon polarization Hadron polarization

U T L U T
c
RS

=~ 1

g U D, Dir
©

i T gt 2 T Hy, Hip | Hit

| o
+—

t gL or-hc L GiT

Factorisation (Collins & Sop
Qiu & Vogelsang, Collins



A_}S‘liv,p
m,(1600)
a,(1420)

Radiative width of a,(1320)
and r,(1670)

first hint that Ag is small, at variance with predictions

first measurement of transversity on deuteron
~ d L o 1
h1il = _2h1 Hl,fav - _Hl,unf

Only polarimeter for transversity extraction from 2h
asymmetries
transversity extracted directly from the data, following Pavia

group

Evolution of Sivers
Hint for an exotic state

New state

Confirmation of VMD model, EPJ highlight



2005
2006

2009

2010
2012
2012

2012

2013

2014

h h
ASiv,d' ACol,d

h h
ASiv,d' ACOl,d

nt, Kt K9 Ani, Kt K?
)

ASiv,d Col,d

h h
ASiv,pr ACol,p
sin¢R5 sin¢R5
AUT,d 'AUT,p

h h
ASiv,p' ACol,p

sin(pp—ds) ,sin(pp,—ds)
Ayr g g »Ayr g

dn"/(dN*dz dp?)

sin ¢, ,cOS Py ,COS 2¢p

AUU,d 'AUU,d 'AUU,d
Asind)s Acosqbg ASin(2¢p—¢5)
UT,p ’“"LT,p ’“"UT,p

g
ASiv,d

First 6LiD data

Full éLiD statistics
Full LiD statistics

2007 NH; data
Full ®LiD and NH,statistics
Full NH;statistics

Exclusive p° production- Full
®LiD and NH,statistics

Unpolarized multiplicities on d

Unpol. azimuthal asymm.s
Excl. p° production on NH,

preliminary



SIDIS




Sivers Asymmetry

Sivers: correlates nucleon spin & guark transverse momentum kL/T-ODD
at LO:; 2 ¢l h
. 2q€q 17, ® Dy

Siv — 2 h

2.q e,q® D,

up' - pXh*

1992 | Sivers proposes fi+
1993 | J. Collins proofs fi+ = 0 for T invariance

2002  S. Brodsky, Hwang and Schmidt demonstrate that flqu may
be # 0 due to FSI

2002 | J. Collins shows that(fi%) py = —(fi+)sipis

2004 | HERMES on p: A%, # 0 and AT, = 0

2004 | COMPASS on d: A%, = 0 and A% =0

2008  cOMPASS on p: A’ST; #+ 0and A%, = 0



ALY from standard analysis and all-p

Avg
N Ongoing analysis B 647 (2007) 8-17]
call-pr
| A
0.2 A(l)+
| |
; %
e poa b 0




A;; for single hadron photoproduction at high-pr

oo COMPASS | ° o COMPASS |°
. I Deuteron B} ++++ { ._]_ Proton
T = '—1— —o.2 ¢ T 1 """""""" —0.2
-0.02 016 U_IS 1 1.I2 1.I4 1|.6 1.IB 2 I -0.02 O.IB DI.B ‘II 1!2 1!4 1!6 1!8 2
P; (GeVic —0.1 Pr (GeV/c) — 01
__l_ < I <
ey "_{___’____J—ITL__ P, —10 Loy el g T I _________ 1 ___________ { ________________ —0
—-0.1 I —-0.1
| 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |
1 2 3 4 1 2 3 4
P, (GeV/c) P, (GeV/c)

Fig. 26: Ar 1, asymmetries for the full COMPASS statistics on polarized deuteron and proton targets.

Data will be compared t ions including the resummation of soft gluons, when they are
available. The final goal is to include the data in a
global fit of pPDFs to world spin-dependent data.
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