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7 Physics with Muon & Hadron beams
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@ss COMPASS: The facility to study QCD

JG|u

The goal:

* Study non-pertubative regime of QCD & Probe structure and dynamics of hadrons
* complementary methods:

Large Q3 Low Q% Very low Q?:

Nucleon structure: Spectroscopy Chiral dynamics

* Helicitiy, transversity PDFs * Mass spectrum of hadrons * Pion, Kaon polarisibilities
* Generalised PDFs (future) * Gluonic excitations (spin-exotics) * Chiral Anomaly F5_ (future)

(SI)DIS Bieam

Central
Production

!
htuge‘c hta.rget
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The COMPASS Experiment at CERN
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//’“ COMPASS spectrometer: Hadron setup

(2008/09) -- main changes w.r.t. muon setup

COMPASS trackers (upgraded close to beam):
SciFi, Si, MM, GEM, DC, Straw, MWPC ... v

0.4m
liquid H, target

ECAL2

Beam __-~ (0.4°s0 < 2°)

-

(muon or hadron)

(2°< 0 < 12°)

Recoil detector (RPD)
to trigger on reactions
inside target

I Electromagnetic calorimeters I

PID using (final states involving neutrals,
RICH & CEDARSs e.g. n’,n,orn’)
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Physics with hadron beams
very low Q

Frank Nerling
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o Pion polarisibility
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Pion in strong electromagnetic field
* Measurement of fundamental pion (kaon) polarisibilty
* Prediction by xPT: 20 =0,—B,=(5.7£1.0) X107 fm3 m T

EA

Measurement

* Deviation of cross-section from expectation for point-like particle

* Experimentally demanding, systematics precisely to be controlled

* Assumption: o =-,

* COMPASS: use pion and muon beam to measure fake-polarisibility
of the muon to validate simulations

Frank Nerling Newest results from the COMPASS experiment 03/09/2014
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Pion polarisibility

\;

Pion in strong electromagnetic field
* Measurement of fundamental pion (kaon) polarisibilty
* Prediction by xPT: 20 =0,-B,=(5.7£1.0) x107* fm?

< F A
% 50—
= r
B 1 t |
® 40 ;iAEP;RA Babusci
I ;)’ ——=PLUTO, DMI
[ Yp=YTn / DM2, Mark 11
- Yy
30—
s Slgrﬁﬁ Donoghue
| Serpukhov Mark 11 -
20— nZ—-nyZ ar Fil ko:;r
- mamr T
7 YP—>YT'n
~ Kaloshin *
10— Yy
GIS'06 i
OT | 1 | ‘ | I ‘ |- L1 ‘ ) I | | 1 | I I | | I ‘ L
1980 1985 1990 1995 2000 2005 2010 2015

year of publication

Measurement

* Deviation of cross-section from expectation for point-like particle

* Experimentally demanding, systematics precisely to be controlled

* Assumption: o =-,

* COMPASS: use pion and muon beam to measure fake-polarisibility
of the muon to validate simulations
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Ve Pion polarisibility

\"
Submitted to PRL: o, =(2.0%£0.6,,, £0.7,, ) x10™ fm?
* In tension with previous measurements
* In agreement with predictions from yPT
i COMPASS 2009 i COMPASS 2009
-| extended T Ni—7n yNi - | point-like W Ni—p yNi |
l'l;ocn = (2.0 £0.64,, £0.7,,, ) x 107 fm3 “f 0,=(0.5£0.5,,,) X107 fm? }
REZMI: e + JrJrJ(I|| R#=M1:+.ll++ L J[_+ N .
0.9-
_ with RC
05 06 07 08 09 04 05 06 07 08 09
photon energy Xy photon energy Xy

[hep-ex/1405.6377]
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T
'¢'0MP \ - - - - ] |
\/O:S Pion polarisibility e
Submitted to PRL: o, = (2.0 +0.6,,,, +0.7,,. ) X 107 fm?
= Pion polarisibilty:
:E B 2 ¢PT confirmed
o 50— = Long standing puzzle solved!
=N
g |~ PACHRA Babusci
0 Lebedev 1 | PLUTO DMI
VPR DM2 Mark II
L ! YY—=R
30—
- SSigIEE Donoghue
- Erpuknov Mark II Fil'kov
20 _— nZ—->1nYZ v
10
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\/&j Pion polarisibility JG|U
Submitted to PRL: o, = (2.0 £ 0.6, +0.7, . ) x 107 fm?
— i Pion polarisibilty:
£ b > yPT confirmed
o 50— = Long standing puzzle solved!
-~ L |
e [ Outlook
3 — PACHRA Babusci :
40— Lebedev 1 Il —pLUTO, DM1 | * More data taken in 2012
_pmymn / DM2, Mark II - measurement of o,and B,
B = * Measurement of Kaon polarisibility
30—
TS Sigr;(lfl Donoghue
. Serpukhov :
20— nZ->nyZ Mark 11 kil kOX _
- mMamr T
B | Yp—=>YT'n
— Kaloshin |
10— YT | COMPASS
' z ----------------------------------------------------------- }--- ---; -------------------------------------------------------------------------------------------------------
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"/ Measurement of Chiral dynamics in 3x final states
(Coulomb region, very low t' < 0.001 GeV?/c?)

JG|u
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£l — COMPASS 2004
~  Frnoyosnorn +
© 10 from mPb - 't Pb

08 N + Fitted ChPT Intensity

— === Leading Order ChPT Prediction +
PWA including amplitude from 4
ChPT calculations substituting 0.6
isobaric waves at low masses

|I||||||||||||
.
-
-
.
-
.
_‘Q_
-
-
-
-
-
-
-
-
.

0.4
02 +,"'.’ Full Systematic Error
______ [ 2ol eemmmm T B it‘um110s1t-§'_l,[1lge}‘ta11lty'
OOM.;.—k—“‘T:I-‘—IZTAIﬁ —— |_T_|_‘|_;_| PRI !
0.45 0.5 55 0.6 0.65 0.7

m,, [GeV/c*]

First measurement of cross-section in this range:
* Results in agreement with LO ChPT calculations

* More data available from 2009 run (Ni target)
[hep-ex/1111.5954, PRL 108 (2012) 192001]
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¢O}W Measurement of radiative widths
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* Access to electromagnetic transitions via decay X — my
» a,(1320) —» my magnetic quadrupole moment
» m,(1670) — my electric quadrupole moment

* Direct measurement of ny experimentally challenging
* Inverse process: scattering of a pion off a Coulomb potential
» quasi-real photons in the vicinity of heavy nuclei

* Cross-section for Primakoff produced X To(X — 1) =

Nx prim/€x

N CX'L'CG'BR'Eresol

» Oprimakoft, x ~ ['o(X = 1Y)

nPb—mn T Pb Identify Primakoff contribution:

g~ t'Mebt

T Y =T T T

+

* Primakoff produced states have spin projection M=1
* Cross-section for diffractively produced states

* Count number of final states to get cross-section

* at small t' states with M=1 predominantly Primakoff produced
* Partial-wave analysis to identify states with M=1

Frank Nerling Newest results from the COMPASS experiment

03/09/2014
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"}Ws Measurement of radiative widths -- a,(1320) JG|U

" M2 transition

Theoretical predictions
* \Vector Meson Dominance Model

375 keV (Rosner, 1981) o, 12 x10° ST
e Relativistic Quark Model > (2 féDlﬂ 007 Pb —s TP
324 keV (Aznauryan & Ogamesyan, 1988) é 10 - Opeim Oat =7 £ <0001 (GeV/c)?
Covariant O.scnlator Quark Model N = [\(a —my) =358 keV
235 keV (Ishida et al., 1989) Z - 2
£ SF
41
Experimental measurements 21
o SELEX (2001): (284 + 25 + 25) keV N, e
« E272 (1982): (295 + 60) keV 06 08 1 12 14 16 18 2 22 24
* May et al. (1977): (460 + 110) keV m,, [GeV/c]

COMPASS: (358 % 6 + 42) keV

EPJ A Highlight 2014
[hep-ex/1403.2644, EPJ A 50 (2014) 79]
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7‘ /8‘ Measurement of radiative widths -- 7,(1670) JG|u

" E2 transition

Theoretical predictions
* Covariant Oscillator Quark Model
335 keV and 521 keV x10°

RS L COMPASS 2004
(both Maeda et al., 2013) > I 4 2 l/fé[S]"‘O %6 T Pb — 11 Ph
2 1 2 - pnm all — ' )
g - ro(nz . n’Y) — 181 keV t' <0.001 (GeV/c)
~ 1_
2 -
g 08
= -
= 06
04
Experimental measurements 0ab
* First measurement by COMPASS 05 o Iy H*h”.*;
0.6 08 1 12 14 16 18 2 22 24
m,_ [GeV/c?]

COMPASS: (181 * 11 £ 27) keV

EPJ A Highlight 2014
[hep-ex/1403.2644, EPJ A 50 (2014) 79]
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Physics with hadron beams
low Q2
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Constituent quark model QCD: meson states beyond
* color neutral qq systems
* quantum numberg |G JPC * glueballs: gg, 999 D
eP=(-1)*1 C=(-1)L*S G = (-1)kL+1 * hybrids: qq9 ONO
o JPC multiplets: 0++,07+, 17,1+, 1++,2+*, ... * tetraquarks: (49)(qd) O=Q O=—O

* Forbidden: 0=-,0*~,1°*,2+7,37%, ...

Frank Nerling Newest results from the COMPASS experiment 03/09/2014



Constituent quark model
* color neutral qq systems
* quantum numbers /G JPC

e P = (_1)L+1 C = (_1)L+S G = (_1)I+L+1

* JPC multiplets: 0++,07*, 17,1+, 1**,2*%, ...

* Forbidden: 0=-,0*~,1°*,2+7,37%, ...

Mesons and Spin Exotic States

JG|u

QCD: meson states beyond

* glueballs:  gg, ggg (H—
* hybrids:  qQdg ANO
* tetraquarks: (99)(ad) Q=0 O=O

Lattice calculations:

* constituent quark states

* and exotic mesons

* light hybrid, exotic JP€ =1

m/MeV

3000

25001

20001

1500

1000

J.Dudek, Phys. Rev. D84 (2011) 074023
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Constituent quark model
* color neutral qq systems
* quantum numbers /G JPC

e P = (_1)L+1 C = (_1)L+S G = (_1)I+L+1

* JPC multiplets: 0++,07*, 17,1+, 1**,2*%, ...

* Forbidden: 0=-,0*~,1°*,2+7,37%, ...

Mesons and Spin Exotic States

JG|u

QCD: meson states beyond

* glueballs: gg, ggg D
* hybrids: qqg

* tetraquarks: (qq)(qq) O—Q O=0

Lattice calculations:

* constituent quark states

* and exotic mesons

* light hybrid, exotic JP€ =1

Experiment (1.3 - 2.2 GeV/c?):
hybrid candidates, exotic JP¢=1"+

* 1t,(1400): VES, E852, CB —> 1Tt

* 1t,(1600): E852, VES —> prt,n ., f,mt, b,m

* 1,(2000): E852 —>f,(1285)m, b, (1235)1
.. Still controversial > COMPASS

m/MeV

3000

25001

2000

1500

1000

J.Dudek, Phys. Rev. D84 (2011) 074023

Frank Nerling
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¢0}3“S Mesons and Spin Exotic States JG|u

Constituent quark model QCD: meson states beyond

* color neutral qq systems

* quantum numberg |G JPC ) gluepalls: 99, 999

eP= (1) C=(-1)*S G = (-1)HL+1 * hybrids: qqg

« JPC multiplets: 0++,07+, 17,1+, 1++,2++, ... " tetraquarks: (q9)(a9) O=O

* Forbidden: 0=-,0*~,1°*,2+7,37%, ...

Lattice calculations:
* constituent quark states
* and exotic mesons

« light hybrid, exofic JPC =1+ Diffractive production of e.g. 31

hbeam

. T T
Experiment (1.3 - 2.2 GeV/c?): —, :‘ <7’(+ 7T

hybrid candidates, exotic JPC =1+ T 70

* 7t,(1400): VES, E852_CB —> 1|7 R (P)
* 7‘1(1600)1‘71, fm, bm (charged/neutral)
* 1,(2000): E85Z=STTTZ85)1, b, (1235)n P

.... Still controversial > COMPASS )
htarget htarget

Frank Nerling Newest results from the COMPASS experiment 03/09/2014
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Constituent quark model

* color neutral qq systems

* quantum numbers /G JPC

° P = (_1)L+1 C = (_1)L+S G = (_1)I+L+1

* JPC multiplets: 0++,07*, 17,1+, 1**,2*%, ...
* Forbidden: 0=-,0*~,1°*,2+7,37%, ...

Lattice calculations:

* constituent quark states

* and exotic mesons

* light hybrid, exotic JP€ =1

Experiment (1.3 - 2.2 GeV/c?):
hybrid candidates, exotic JFC=1"+

* 1t,(1400): VES
* 1t,(1600):
* 7,(2000): E852—>T;

. Still controversial 2> COMPASS

Mesons and Spin Exotic States

JG|u

QCD: meson states beyond

* glueballs:  gg, ggg —
* hybrids: qqag

* tetraquarks: (qq)(qq) C)—O

Diffractive production of e.g. 31

hbeam _
- w7t

T < ot 7
T

(charged/neutral)

/\\

/
htarget h

target

R| (P)

Frank Nerling
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s, COMPASS PWA Method
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Partial wave analysis (isobar model):
* Isobars: All possible, needed isobars, 88 partial-waves
* Acceptance: corrections included (normalisation integrals )

Step 1) PWA in mass and t' bins
® Extract production amplitudes

Step 2) xz fit of mass dependence of spin density matrix:
® Applied to 1st step result

® Main partial waves chosen, parameterised by Breit-Wigner

® Non-resonant background for some waves

Frank Nerling Newest results from the COMPASS experiment 03/09/2014
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Mass of outgoing 3p system — charged

Diffractive dissociation into 3r final states JGIU

(2008 data, proton target)

mode: T"p —> T p

o
)

0.25

o
)

Number of Events / (5 MeV/c2?)

o
=
'

©
-

0.05}

np = n xn p (COMPASS 2008)

0.35F

1 06

III|III|IIIIIIIIIII|III|III|III|I

0.6 0.

8 1 12 14 1.6 1.8 2 22 24
Mass of 7tz System (GeV/c2)

PWA: ~ 50M events

events (per 10 MeV/c?)

80

70

60

50

40

30

20

10

Mass of outgoing 3p system — neutral
mode: Tt p —> 0 p

x10’

- a,(1320) COM_PASS- 20008
- TP ;tog
- 2,(1260) 0.1 <t'<1.0GeV-/c
o ,(1670)

:I 111 1 | 1111 I 111 | 1111 | | | 1111 111 y -
0 0.5 1 1.5 2 2.5 3 35 4 4.5 5

m,. o0 (GeV/c?)

PWA: ~ 3.5M events

Frank Nerling
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g Diffractive dissociation into 3« final states
(2008 data, proton target)

I\
&

Mass of outgoing 3p system — charged Mass of outgoing 3p system — neutral
mode: T p = Tt p mode: m"p —> nnn p

np = n wtn p (COMPASS 2008)

f&\ © F COMPASS 2008
>~ 09 B - T p—->TTOnlp
I ol 0.1<t < 1.0 GeV¥c?
~ 0. P = .o
B S F Preliminary
§ 0. 2 ;
0. 5 F
=)
QE) 0. 10° -
] C
2. 0. u
‘g ] ; L
3 v -
§0.2 C ||1|||||||1|||||||||||||||||||v||||||
3 0 02 04 06 08 1 12 14 16 18 2
01 ] ] A 111 R T i A t' (GCVZ/CZ)
06 08 1 12 14 16 18 2 22 24
Mass of -tz System (GeV/c?)
PWA: ~ 50M events PWA: ~ 3.5M events
- 400 bins in 3t mass & 11 slices of t’ - 200 bins in 3t mass & 8 slices of t
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Comparison neutral vs. charged mode
-- the 3 most prominent resonances

\ /

N

/ &E\

intensity (per 40 MeV/c?)

a,(1260)—>pm a,(1320)—>pn 7,(1670)—>f,®
v . 6 _
x10° COMPASS 2008 (mp—(3m) p) %10° COMPASS 2008 (T p—(31) p) —~ XlO_+ . COMPASS 2008 (m"p—(31) p)
- o n'n, wn (scaled)| > 200 T, T (scaled)|  ®  f TR, T (scaled)
C - 7 0100<t'<1.000GeV¥Ye?| 5 L 0.100 < t' < 1.000 GeVZ/c? §0 »sF 0.100 <t'< 1.000 GeV7/c, ",
2.5 n Foe ) (inC(")herf:nt sum)| 2 i = (incoherent sum) ; 2f (‘mcoherentsum) .
: ; Preliminary| & vsp- Preliminary| & F Preliminary 3
2f * s 0 | 202
C - = [ ‘B L +
- B g I g o
L5 * E L o5k .
L L e C .
C . . - - :
1+ . E L 0.1F L
- : - 0.5 o - * .
0.5 - - r co- 0.05 . T,
0 E_«—;f‘;‘ ;}%ﬁ”““—w;.__:%_m B ‘:.?‘— e 0 M—%;tirimf. e
_llllllllllllllllIlllllllllllllllllllll] 0 I|III|III|III|II!lll\lll\lll\ll\\ll\\ll 76|6|||()‘8|||‘1‘||1|2“|1|Al|\|1|6|||1|8|||2|’|\\2’[2|||2"4\'
06 08 1 12 14 16 18 2 22 24 06 08 1 12 14 16 1.8 2 22 24 00 Sl R
m gy, (GeV/c?) m,- (GeV/c) M3y (GEV/CT)

* charged mode data scaled for each plot (integral) to compare shapes
* good agreement between the two channels
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24
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intensity (per 40 MeV/c?)

OI\J-PO\OO

Comparison neutral vs. charged mode
-- a couple of smaller waves

X(?) >f,n

P
o]
w

COMPASS 2008 (mp—(31) p)

IIIIII|III|III|III|III|III|III|I]I|]II|III|III|X

IIIIIlIlIllIIIIIII

++

170" £,(980) T P
t o n’n, mnt (scaled)
0,100 < t' < 1.000 GeV?/c?
(incoherent sum)

Jr*l: Jﬁ +

IlIIIIllI[IIlIIIIllII

06 08 1

12 14 16 18 2 22 24

M, (GeV/c?)

intensity (per 40 MeV/c?)

50—

40

30

20
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a,(2040)—>pm

x10° COMPASS 2008 (mp—(31) p)
C 471 p(770) G

T °n°, Tt (scaled) } +

0.100 < t' < 1.000 GeV?/c?
(1ncoherent sum)

Preliminanr

++i+' ‘I' +F o H,
o y:
i
++ ++ ++
s

+

IIII|IIII|IIII|II[I|I[II

L
TIlllllllllllllllllllllll

| ol g

0
06 08 1

1.2 14 16 18 2 22 2.42
M3, (GeV/c?)

* charged mode data scaled for each plot (integral) to compare shapes
* (good) agreement between the two channels (for the 4** wave)

Frank Nerling

Newest results from the COMPASS experiment

03/09/2014



—_

¢omp A new axial vector resonance found?

4

e
/ S/\\
‘\_._

N

X0’ COMPASS 2008 (1 -p—(37) p) e
G AE 1707 £,(980) m P s
2 22 b wrn®, Tt (scaled) ?
(5} C 2, 5 ©
2 b 0,100 < t' < 1.000 GeV¥/c £ 100
F C f (incoherent sum)
5 18 Jr D . .
g F Preliminary 50
z 160 * f
Z 14p '
—— : 0
g 12 C +++
10 J( ‘t -50
8 %
6 . J#; Jr + -100
C +
N3 f A
2 N Jrﬂ;ﬂr i fﬁ +ij*++++++++**+ 150
0:1IIIIlIlI|l|lIIN-IIIIIIIIIllI[IIIIIIIIIII

06 08 1 12 14 16 18 2 22 24

M, (GeV/c?)

relative phase against a,(1260)—>pn

0.189 < t' <0.220 GeV’/c?2 np — nn'n p (COMPASS 2008)
Phase [(1170" f,{980) = P) -++ﬁ+#+*+1* p(770) = G)]

AN

06 08 10 12 14 16 18 20 22 24
Mass of n ' System (GeV/c?)

* charged mode data scaled for each plot (integral) to compare shapes
* new axial vector state, coupling to KK (not seen in pm)-> isospin partner of f,(1420)?

Frank Nerling
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A new axial vector resonance found?

JG|u

P
¢0}y8s
x10° Incoherent Sum
&-\ B = =
L 5L Mass-independent Fit
> | ‘!{\' [ ]
2 i \  Mass-dependent Fit
n |
p - [ Resonances
N 20 | | Non-resonant Terms
mass range  width range (]
JPE (MeV/c?)  (MeV/c?) PDG ,’ Q
major waves u’ # \
a (1260) 17 1260— 1290 360 —420  12304+40 250 — 400 [ Y
a(1320) 2" 13121315 108115  1318.3%93 105778 (]
T (1670) 27t 1635— 1663 265 —305 16722+3.0 260+9 - ~ 0
2, (2040) 4** 10281950 360 — 400 19967 255+28 ;’ ;’ \.ﬁ mass = 1412-1422 Me\é/ c
7(1800) O T 1790— 1807 212 —230  1812+12 208 + 12 R\ width = 130-150 MeV/c
7 (1880) 2~F 1000 —1990 210 -390 1895+ 16 23534 [T\
states not in PDG summary table f '} \++
a; (1930) 17" 1920 —2000 155 — 255 1930139 155 + 45 [ \.;
a (1950) 2** 1740 —1890 300 — 555 1950739 180739 [ \
+
ar (1420) 1T 1412 — 1422 130 — 150 ]
OI_ ll - L |JJI 11/1 | 00 11 L>1A1~"|'1‘“-|—|-+-|-1__4| L
06 08 10 12 14 16 18 20 22 24
Mass of nntn~ System (GeV/c?)

[S.Paul, MENU 2013]

* charged mode data scaled for each plot (integral) to compare shapes

* new axial vector state, coupling to KK (not seen in pm)-> isospin partner of f,(1420)?

03/09/2014
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f‘)}?ﬁ Spin exotic 1-* wave JG|u
: J

o x10 COMPASS 2008 (T p—(31) p) COMPASS 2008 (1 p—(31) p)
NQ i 1% p(770) n P ’g (171 p(770) =P — 1707 p(770)  S)
> 10 J[ tn'n’, Tt (scaled)| &b 100
= 0 0.100<t'<0.116 GeV’/c*| = soblT
S [ % 0.100 <t <0.113 GeV¥/c?| 8 OF + *h
St | : : = n H
2 81 Prellmmary 2 0 H } +
> - al M :H- J{
2 Al i 504 | M foa *Fﬁ* +M H T
g 0 T ng At f
E | % w T00f [ e 1 { +
£ ol | iy
- + ﬁ ﬁ i rclnmnary | { }
: tHy AT
2+ ; J[ i %*
- { } 4 f *tff 250 B pnond, ot :
i ! t 2na B 0.100 < t' < 0.116 GeV?/c?
0 ﬁwﬁﬁ%* o Tj‘mfr»tﬁﬁfﬁrh 300 0 0.100 < t' < 0.113 GeV?/c?
== I Y e e Colooa oo b b b b b oo d b v b
06 08 1 12 14 16 18 2 22 24 0 06 08 1 12 14 16 18 2 22 24
m,, (GeV/c?) My, (GeV/c?)

* charged mode data scaled for each plot (integral) to compare shapes
* good agreement between the two channels, differences depending on t'
* Deck contribution amplitude to be included =2 describe large background

Frank Nerling Newest results from the COMPASS experiment 03/09/2014
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g Different channel for the search:
~ T+p = N/ T N+HP

S

0.8
0.6
0.4
0.2

-0.2
-0.4
-0.6
-0.8

-1

cos ¥qyJ
=
lIlIIIIIIIIIIIIIIIIIIIIllIIllIIlIlIlIlI

1 15 2 25 3 35 4 45 15 2 25 3 35 4 45 5
m(nm ™) [GeV/c?] m(n' 77 ) [GeV/c?]

- Both channels similar, different interference effects

[hep-ex/1408.4286, submitted to PLB]
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¢0}78S Different channel for the search:
~ T+p > TN/ T N+p

corrected for phase-space:

5000;— } \ * g_gr\_a)P%s]:spzoos 4000;— I 1
NQ 40003_ | i i Tp — TN p (scaled) é_
> : “ | 3000F
= 3000 3
el ol gl
§ 2000 \ 3 .“1* Muﬁw
2ok K ! toong- H HH *
n AN wte 4”* H bhatas _0.. ! | | ! ! |*i ’HH”“
L00OF
700 B
R 6005_ 800f- |
= 400F- i | ’
3 300E ’| | 400F \HH | ‘ + H
ENRT L
F C ¢
looé.l...l...l...II.L.MM*HILJM .HH..‘ +..+.+ h”‘"“‘“""‘“"‘*""""""""""""
12 1.6 ) 24 28 1.2 1.6 2 2.4 2.8
m(n' 77 ) [GeV/c?] m(n'77) [GeV/c?]

- Even-L partial-waves: similar intensity distributions in nandn’
- Odd-L partial-waves, in particular the P wave, are suppressed in nr by factor 5-10

[hep-ex/1408.4286, submitted to PLB]
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\/“ Measurement of OZI| violation

Y J
S~
6 3
2 0520 n
5 - ) 5 14 o
3 C PP PT T T p & o pp—>pK'Kp
041 {\ 0.6 <X, <0.7 12E 1 0.6 <x, <0.7
- 10}~
0.3} - I
N 81
02f 61
i - _[’—l‘l""l'!"""']"‘*b-l-rlzl
N 4_— . 1 IITIIZIIIIIKX
0.11 [UTPPEPRY 5
— 21
0. Cloconnerio-gelm=r ] N PR I 0: A N MR | M
b60 0,65 9 095 1.00 1.00 1.05 1.10 1.15 120
M 1) (GeV/ic) M(K'K ") (GeV/ch)

* clear m and ¢ peaks on top of background
* fit of acceptance corrected mass spectra in bins of x¢
* fit signal and background -2 ratio of cross-sections

do(pp — pép)/dzr
do(pp — pwp)/dzr

Ry =

[NPB 886 (2014) 1078, hep-ex/1405.6376]
Frank Nerling Newest results from the COMPASS experiment 03/09/2014
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\/SS Measurement of OZI violation
U-Sllé— @ nocut
- O gvz}fg‘g’\‘;/c * OZI violation observed
105_ A Pz % > factor 4, dependence on x¢

9
] | * Comparison with other experiements
75_ T T > larger F, expected

- » w cross-section resonantly enhanced?
6F
5E + é) * Cut on vector meson momentum p,, for both
= é channels to get rid of pw resonances
35_ ‘ (present in low mass resonance region M)
2E factor 1 = 10 violation => OZI violation of factor 8
L & independent of x.

CL 1 | 1 | | | | | | | | 1 | I | | 1 | I | | |
0 0.6 0.7 0.8 0.9 1.0

Xp
Violation value F,,=8 in agreement with

Fozr = Rq/,/w/tan2 v results by SPHINX collaboration

OZI rule prediction: tan“dy = 0.0042
[NPB 886 (2014) 1078, hep-ex/1405.6376]
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Measurement of OZI| violation JG|u

Q_g ~  helicity frame
045 © ¢ .
B e
B A O P, >1GeV/c
0.40 v O,p >14GeVic s
0.35 :— 1/3 = no alignment %
- i
0.30F { .
0.25F
I IS (S S S T ISR
0.0 0.2 0.4 0.6 0.8 1.0

* observed x dependence
» production mechanism?
» study spin alignment

* choose helicity frame
» diffractive resonant
production

* after cuts o & ¢ similarly
(not) aligned

» expected for no resonances
produced

- Other reference frame?

[NPB 886 (2014) 1078, hep-ex/1405.6376]
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Ve Measurement of OZI violation JG|u

N

/ &E\

Q_8 | momentum transfer frame
0.7 o ¢ * momentum transferframe
N ° » central production
u A O, P, >1GeV/c
~ 1.4 GeV/ .
0.6~ 7 DPe”ARENE v * alignment observed for m & ¢
B {’ Ao > same order & x: dependence
n » central production of both
A .
B o (at higher masses) & ¢
B o ]
0.4} ;
[ 1/3 =no alignment
O 3 _ ] ] ] | ! ! ! | ] ] ] | ] ] ! | ! ] ]
0 0.2 0.4 0.6 0.8 1.0
Xp

=> OZI violation should be studied in non-diffractive region,
contributions from different production mechanisms,
Foz = 8 observed for m vs. ¢ production [NPB 886 (2014) 1078, hep-cx/1405.6376]
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Physics with muon beams
Large Q2
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@“ COMPASS spectrometer: Muon setup JG|u

COMPASS trackers (upgraded close to beam):
SciFi, Si, MM, GEM, DC, Straw, MWPC  ....- | 4

polarised target

ECAL2
(0.4°50 < 2°)

ECALA1
(2°€0<12°)

3He-4He Dilution = = .

refrigerator (T~50mK) L I Electromagnetic calorimeters I

Superconducting
solenoid (2.5 T)

(final states involving neutrals,
e.g. %, n,orn’)

Two 60 cm long target cells
with opposite polarisation

Frank Nerling Newest results from the COMPASS experiment 03/09/2014
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¢6jyss Search for charmonium-like (exotic) JG|U
\ state Z_(3900)
Highlight in 2013: COMPASS:
* Discovery of charged cc state * Photon may behave like a J/iy (VMD model)
* e'e - wrn Jy (Vs=4.26 GeV), - Z(3900) production via interaction of incoming
decay: ZC(3900) %J/\I’ it photon with virtual charged pion (target nucleon)

L +Data o J/w
NQ 100: — Total fit . @ J/W Z; /
3 w0 B LA \

L O]
- F [ sideband N +
g 60 + %< n+ T
B 40 @
8 & p n
L 20:: ! §

0 3.7 3.8 3.9 4.0 © . .

My (TEJ1y) (GeV/c?) - sizable cross-section
70f o % [14] Q.-Y.Lin et al., Phys. Rev. D 88, 114009 (2013),

N\; 60; — Fit _?
8 50 o |
3 g = * Exclusive production channel: i
= = exclusively produced
2 e = R
5 g Ut N—ptz; (3900)N—>;.L+u+u T=N
w )

3.7 3.8 3.9 4 4.1 4.
Mpax (mI/y) (GeV/c?) [hep-ex/1407.6186, submitted to PLB]
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¢’0/}yss Search for charmonium-like (exotic)
l state Z_(3900)

N

JG|u

Selection of exclusive ptJ/y n* sample
* vertex, exactly 3 outgoing muons, 1 pion
* mass cut on Jy(—pt)

* energy balance

* momentum cut for n* (>2GeV/c)

Dall
Oexclusive

counts/0.01 GeV/c?
o

-i
o
w

:

- reduce bkgrd of pomeron exchange

102 £

1 1 l 1 1 1 l 1 L
. 3.6 3.8
M, [GeV/ic?

N —7 T
N
N
nN
~
n
m;—
nN
@
w
w
N
w
'

Selection of exclusive utJ/y sample
" N —u"JAY N. (incoherent excl. prod.)
* used for absolute normalisation

Op*dly
Ou*dyn*

T TTTT

102

counts/0.1 GeV

T lllllll

(cross-section 0., N_, jp N from NA14)

* same selection criteria 0

T IIIIHI

- Ratio of acceptances for both samples
equals about the acceptance for the 1

g Il EI Lol I I - I P - L 1 - 1 1 111 Al 1
additional pion (~0.5) o 2 4 6 8 10 12 14 16__18_ 20

(5, n(CeV]
[hep-ex/1407.6186, submitted to PLB]
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Search for charmonium-like (exotic)

state Z_(3900)

45

40

35

30

25

counts/0.02 GeV/c?

20
15

10

lIIIIITII]IIII[ITIIIIIIIIIIII|IIIIIIIIIIIIITII

No signal observed

BR(ZZ(3900) — J/ih7¥) x

._
.
-
L
——
——
-
l
-
. —
-
— |
-

. | st—
——
—

-

-
——
-
——

5 55 26
M, [GeVic]

w
w
N
S
(&)}

<37x%x1073

BR(Z(3900) — JAT%) X 0, n_, 7% (a900) |

Oy N—Jj N

0y N—2zF(3900) N )
(

V3yN)=13.8 GeV
NA14
<52 pb

(V/S7v)=13.8 GeV

JG|u

[hep-ex/1407.6186, submitted to PLB]
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¢% Search for charmonium-like (exotic)

‘ | JG|U
N\ state Z_(3900) |
o 451
> F
O] 40;_ No signhal observed
S 35
C\) [
£ 30[
§ - If Zc(3900) is a resonance,
8 F the decay to JAy mt* cannot
20— be the dominant one ...
15/ ‘
10, | |
- L
5 |
051.|,|1|U|..1l|1l.1111 lll
3.5 4 4.5 5 5.5 [:
M, [GeVic]

BR(Z*(3900) — J/inT) x
(2:(3900) = A=) <3.7x1073

J/EN)=13.8 GeV
NA14
BR(Z;(3900) — JAT) X 0 n_, 7+ (3000) Nl( SoN)=13.8 GeV 52 pb

0y N—2zF(3900) N )
Oy N—Jip N (

sizeable [14]
Frank Nerling Newest results from the COMPASS experiment 03/09/2014

[hep-ex/1407.6186, submitted to PLB]
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The Nucleon in the Quark Parton Model

(Semi-Inclusive) Deep Inelastic Scattering:
M
E, p
(E, p)
—N\
H —
..... »P.
bu
N 4 PDF
Q2 = —¢? Parton Distribution Functions in DIS
v =E—F ph : transverse * due to the longitudinal momentum
z =Q?/2Mv momentum (in z direction), the nucleon is
Lorentz-boosted
g(z) = q(x)" +q(z)” +quark TT nucleon * the intrinsic transverse quark momentum ks
Aq(z) = q(x)™ —q(x)~ —quark [T nucleon is neglected in this 1-D picture
Newest results from the COMPASS experiment 03/09/2014
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f/“ Nucleon spin structure
\\_._//
@J, quark
\ nucleon N U C LEON
unpolarized longitudinally pol. transversely pol.
3 T
g 1 @ 1'l k_
[} r
§' number density

gll, gl'l‘

&~ Ards

helicity

QUARK

A A

h, ©-®

llj; - @ l transversity
X X

‘T
k > kp (>
Boer—Mulder hjih @-»_T@-» h‘;T $-

transversely pol.longitudinally pol.

Structure functions:

* incl. e/mu scattering experiments
» quark parton model, quarks

* More detailed understanding
» spin degrees of freedom
> intr. transverse momentum K

* 3 survive integration over k-

->f, g,and h,

- Study structure of nucleon

Frank Nerling Newest results from the COMPASS experiment 03/09/2014
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¢‘W}“ Nucleon spin structure JG|u

@J, quark
N

nucleon N U C L E O N

unpolarized longitudinally pol. transversely pol.

f ® f. k;

number density Sivers

gll, gl'l‘

&~ Ards

helicity
A A
h, © @
llj; - @ l transversity
X A

‘T

N b e S
Boer—Mulder 1L @_ @*
pretzelosity

QUARK
transversely pol.longitudinally pol. unpolarized

Spin-dependent distribution g,:

* parton (quarks & gluons) helicity
distributions Aq(x)

* access to quark & gluon polarisation

* measured in Deep Inelastic Scattering

- How the nucleon spin 7z is built from
quarks and gluons

Frank Nerling Newest results from the COMPASS experiment 03/09/2014
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f‘)}ﬁ’“ Nucleon Spin Structure

The spin of the nucleon

1 1
SN=§=§A2+AG+LQ+LQ
< accessible via
AY, As inclusive DIS
Au,Ad,As semi-inclusive DIS \
AG PGF in DIS
L, DVCS )
(SI)DIS: PGF in DIS:

Frank Nerling Newest results from the COMPASS experiment 03/09/2014



.~/ Nucelon structure — longitudinal polarisation JG|U

Longitudinal spin structure function:

- 8 x=0.0036 @{=0) e
»\1ol 2 2 o - N
gl(xaQ ):_Zquq(x,Q ) + e & ________________ x=0.0045 A E143 O Etss
2 q & L }? s x=0.0055 qP HERMES V¥ COMPASS07 (160 GeV)
O | §§ '''' [}3 .............. x=0.0070 O CLASW=2.5GeV ® COMPASS'11 (200 GeV) prel.
><" e T COMPASS NLO fit
> Y¢ ....................... x=0.0090
* COMPASS 2011 (200 GeV) S
N B Y T x=0.017 ¢,=0.7-(17.3-i(x))
gl o
............. =0.024
e COMPASS 2007 (160 GeV) e ° X
I ﬁag &.u_.,!@. Y gy x=0.035
H 6 @.{myg ............ Ry e {r!.i .............. x=0.049
* COMPASS fit at NLO - e =
..... @cg@% g m i ar g o
L O O RS @n ..... Ql.ﬁ..*:, ...... £Y-e3-%=0.12
* New data p0int at very low x 4— oy NV o S— O.[j,..g,fm,_____tr____[;__qx=0.17
: O@O‘{?’&Ocﬂ’ ........... [ m'{j ........ .:}.....1.;}_)(:0.22
* New input for global QCD fit i B OOt A OO GO W D49 X=0.29
2__ I R o, -y ¥ yeXx=0.41
= B 1 AT W, SO ooV @y e X=0.57
0_' | U e B O ooy e X=0.74
- Indirect extraction of AG/G 1 10 N o 2
Q“ (GeVlc)
[M.Wilfert, DIS 2014]
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Polarised parton distributions

o

XA xAG
g [ g T
x 0.2'_ COMPASS Preliminary 02'_ COMPASS Preliminary
C Q? = 3 (GeV/c)? i Q% =3 (GeV/c)®
0.1 0
ok 0.2
10° 102 10" 1 10 102 10" 1
X X
g [ imi T OF imi i COMPASS Prelimi
I [ COMPASS Preliminary 3 COMPASS Preliminary o . reliminary
03¢ Q? = 3 (GeV/c)? 3 W 0%=3 (GeV/c)? 3 O — Q=3 (GeV/c)’
i .0.05} \ I '
0.2 0.02
0.1F 0.1 i
- -0.04
xAu - xAd - XAs
0 - = 0.15% = > - ' :
10 10 10 J 10 10 10" g 10° 102 10" g

* Small sensitivity to light sea and gluon polarisation
* Quark polarisation Ax = IAqSi(x)dx ~0.3

* Gluon polarisation AG = JAg(x)dx > not well constrained MLWilfert, DIS 2014]

Frank Nerling Newest results from the COMPASS experiment 03/09/2014
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The world AG/G data

\\_._/

o 0.6
A d o COMPASS,all-p, Q%1 (GeV/c)?, prel., 2002-06
(@)) -
Q - Ao COMPASS, Open Charm, 2002-07
0-4: ¢ COMPASS, high-p, Q’<1 (GeV/c)’, prel., 2002-04
- o0 SMC, high-p_, Q%1 (GeV/c)?
02: « HERMES, high-p_, all Q*
_ —
o + T SO
0 e
- S A .........................
_0-2_ .............................. i TETTTTTTTTIAN: Svrvoon
_0 4_| | ] 1 1 ] | 1 1 | 1 ] ] ]
1072 107

- Ag/g small and positive

Frank Nerling Newest results from the COMPASS experiment 03/09/2014



?@%ﬁ . : JG|u
"/ Comparison of new results and NLO QCD fits
O 0.6
S [ e COMPASS,all-p_LO, Q%1 (GeV/c)?, prel., 2002-06
<] . —— AG>0
0.4 —- AG<0 COMPASS NLO QCD fit, prel.
- e AG node _
i total uncertainty ¥
0.2+ . !
e L - -
~~~~~~ o
= e, SR H
- i TS — — — -
-0.2—
_0-4 i | ] | 1 1 ] ] L1 | ] | | |
102 10
Xg

[M.Stolarski, DIS 2014]
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QUARK

transversely pol.longitudinally pol. unpolarized

\;

\\_._/

@f, quark
\

nucleon

unpolarized

NUCLEON
longitudinally pol.

Nucleon spin structure -- Transversity

transversely pol.

f
' ®

number density

S
&>

helicity

Sir

Gty

b G- @

kg

Boer—Mulders

h, ®-®

transversity

llJ;T ) =

JG|u

How to access transversity:
* not measurable in DIS as quark
helicity must flip => SIDIS

* three methods:
» azimuthal asymmetry of single hadrons
- ~h, x Collins FF
» azimuthal asymmetry of hadron pairs
2> ~h, x H,
> spin transfer of e.g. A hyperons
->~h,xD,

* Collins FF and H, measurable in e*e-
collisions => Belle

Frank Nerling

Newest results from the COMPASS experiment
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/& Nucleon structure — transverse polarisation Gl

SIDIS results:

N COMPASS 2007/2010 proton data
o 0.1+ [ [
8 proton
f & 0.05}- - —
di-hadron < +
asymmetries for i A * """""" —{'}‘F{.é;*% """""" §§+'}} """" +
0.05- ¢ + } - -
- mainly valence quark 0.1 - -
effects rrvrvrarwvrrmrarevey B w——— i ————
10-2 10-! 0.5 l 0.5 1 1 5 2
X Z M_. - (GeV/c?)
COMPASS 2003/2004 deuteron data
= 0IF = =
W T |
¢ }
B L e
-0.05 - -
0.1 - -
deuteron
-0.15- - =
_‘—4 h__
B Y T T L . L 1 1 1
102 10" 0.5 1 0.5 1 1.5 2
2
[C.Braun, DIS 2014] x z M . (GeV/e)
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Nucleon structure — transverse polarisation JG|U

\};

4

Transversity results, measured in each x bin from pion pair asymmetry on p and d
(assumption: sea quark contribution negligible )

Flavour separation

::; 0.8— COMPASS = 08— COMPASS
= ® 2007 & 2010 proton data and = ® 2007 & 2010 proton data and
06— 2003 & 2004 deuteron data 06— 2003 & 2004 deuteron data
®
04— 04—
0.2 + + 02— %
L ]
AN IR
Of——-rmeny D . (R — T + --------------------------------------
02~ 02 {
[ ]
Uy d
04— 04— 1
0 X hl 04— hl
_0'6_'1"‘”I Ll Lol _0'6—||1||1|l Lol Lol
10~ 10 1 107 107! |
X X
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(9’_4, quark
N
nucleon N U C L EO N
unpolarized longitudinally pol. transversely pol.
£ £,
© o-G
“%,

number density

g 11 g IT

-0 e

helicity

b @@

kg

Boer—Mulders

QUARK
transversely pol.longitudinally pol. unpolarized

h, ®-®

transversity

h, % h, @%@
- @~

Boer-Mulders function:

* correlation of quark k;and transverse quark spin

in unpolarised nucleon

Transverse Momentum Distributions (TMDs) ¥

Sivers function:
* correlation of quark k-and nucleon
transverse spin

Sivers and BM functions T-odd
- process dependent

Frank Nerling
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OMP,
{ /)&Y Nucleon structure — transverse polarisation

SIDIS results on TMD observables,
some examples, here:
proton 2007, 2010

= = +
Sivers asymmetry & | o7

0.05 : % J - <} - (} {)
<I><} 0 3o 5 9 5 599 ¢
W*ii}?f{'% """" _'H'}'} """" }(}} """ %*’%*f'{'%’"{ """"""

_0.05_ 1 1 B 1 1 B 1 1 L
02 = 0.5 1 0.5 1 L5
X z p{/" (GeV/e)
02 deuteron 2003, 2004
BN t; 1w n+
‘: o) n-
0.1 - B

0_#F%bb§§éb_”%¢i§% ...... % ....... + (}ﬁ)_é"t’%§§¥$ .............. #

-0.1 ~ B

T

1 1 1 1 1 1 1 1 1
02 o 02 04 06 08 05 1 1.5
X - p ’1’ (GeV/e)
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e mwmultiplicities vs. z in (x,y) bins
e - multiplicities vs. z in (x,y) bins

\;

Nucleon structure — Towards unpolarised FF

JG|u

0.004 0.01 0.02 0.03 0.04 0.06 0.10 0.15 0.70 X
0.10 .
COMPASS Preliminary
-h*
0.5 s
S ¢ 8 - . h_
z a iy 'kl ﬁ.
0 - _ _
0.15 = = =
T iﬁ = L] . n
:g\ - . rl -,
. ., ., “a, s
0.20 = = — — =
2t » |
Y 1 % " . -~ -
0 ] . | \. k- \o \n %l
0.30 — Jd Jo Jd d N I .
- - . . .
) § [ | a . -. . . o
. ’ . L " " ~ .
] l.\ i n.'.. ~ - - -
L L™ L N - =
0.50 0 [ [ —— e [ — i | — L — | —
' . 05 1 05 1
. ]
g i : N . .
| i H " ..
| ] ] l. - -
0.70 0 = . X = ) . = ) ) | X . | ) = ) _
Yv 0.5 1 05 1 05 1 05 1 05 0.5 *z [N.d.Fresne, DIS 2014]

Next step: Multiplicites for kaons and di-hadrons measured as well, soon to come ...

Frank Nerling
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Motivation: Improve the 1-dimensional picture of the nucleon

A v fb,/ Aky 'kT
uk->xP, up-»xP, 08 ---»xP,
: b—f
----- »P, . ----»P. s=remeen P
bu $ 5 bu ‘ pu
d¢  PDF /v dt GPD * “ds TMD
>7 >Z >»Z

* Generalised Parton Distributions (GPDs)
» longitudinal momentum structure plus transverse spatial structure
- accessible in exclusive reactions like DVCS or HEMP
* Transverse Momentum Dependent distributions (TMDs)
» dynamic picture using intrinsic transverse momenta of partons
- accessible in SIDIS and Drell-Yan process
* Flavour separation and fragmentation in SIDIS
» strange quark distribution and fragmentation functions

Frank Nerling Newest results from the COMPASS experiment 03/09/2014
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£ 6}5”‘ Generalised Parton Distributions (GPDs)

\
\\' S

Access GPD through DVCS process
* generalised parton distributions for quarks and gluons
Hf, Ef, 1Y, Ef (x, §, t)
* limits:
> q(x) = H(x,0,0)
> F(t)= [ dx H(x, &, t)
* GPDs contained in Compton form factor

Ji's sumrule:

F_ 1o ' f f
J' = 5 I|m/ dx x [H (x,&,t)+ E (x,f,t)]

t—0 -1

J: total angular momentum contribution of quark f

* unpolarised hydrogen target => GPD H
* transversely polarised target => GPD E

Frank Nerling Newest results from the COMPASS experiment 03/09/2014
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pp — pEp

* competing: DVCS and BH
- measurement with u*and u-
* yields Re(H) and Im(H)

Monte-Carlo simulation:
* BH dominant at low xg;
* DVCS signal at higher xg;

expected nb of events
B (3] (2] ~ -]
=] o o (=] o

@
=]

n
=]

0.005 < Xg; < 0.01

Measurement of GPD H via DVCS

known BH

Y p

0.01< Xg; < 0.03

Y

Xg; > 0.03

-
=)

o

— |IBH+DVCSF?
— IBHI?
— IDVCSI?

|

Interference

ls = =]

-150 -100 -50 0 50 100 150

¢ (deg)

expected nlg, of event%
(=] o

i,
o

10

— IBH+DVCSP
[ — IBHI?
I — IDVCSP
I Interference

-150 -100 -50 0 50 100 150

¢ (deg)

expected nb of events
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g Measurement of GPD H via DVCS JG|u

\¢ J
known BH
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P
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pp — pEp

* competing: DVCS and BH
- measurement with u*and u~
* yields Re(H) and Im(H)

Monte-Carlo simulation: 0.006 < x, < 0.01 0.01 <X, <0.03 | Xg > 0.03
. a 251 events 9 % @ [ 54 events
* BH dominant at low xg, Enf £t S
: : ° —|BHP? ® -|BHP o7 -|BHP
* DVCS signal at higher xg, St 2" -
2 o] 2
Csof c c

Real data analysis:

* 2009 feasibility test
measurement
(few days, short 40cm target)

4 bbb b s sl

> clear DVCS Slgnal 450 100 50 0 50 100 150 A5 100 50 0 50 100 150 450 100 50 0 50 100 150
0 (deg) 0 (deg) 0 (deg)
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* r| : transverse size of the nucleon

i rJ_:b_]_/(].—X)

Nucleon tom

ography

sea quarks pion valence
gluons cloud quark
( /
/ T
\

(®)

x~0.003 x~0.03

x~073

b, : distance to
center of momentum

* extraction mostly model independent 0.5] H1 PLB659(2008)
) COMPAS
0 I T || B 1
107 10° 107~ 1071 1
x
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f‘)}?ﬁ Transverse imaging — projection for t-slope JG|u
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,ui p— ,ui’yp (also accessible via HEMP)

* Differential cross-section ~ exp(-Blt|): doPVS/d|t| x exp(—B|t|) with B(x) ~ 1/2(r?(x))
* Ansatz at small Xg;: x ~ xg;, B(xgj) = Bo + 2 In =

i 8
£ i
] R ———
e
2NN 3 ol ev. Sy | [———
= "
= @013
P o =026
] » ZEUS <Q> =32GeV as soft Pomeron
! v HI-HERAT <Q’> =4GeV’
2 - a« HI-HERAIl <Q > = § GeV’
DVCS test in 2012
ol . COMPASS . <Q’> =2GeV’ P
i in 2 weeks in 2012 ¢ o o o projections for 2 years of data
with 40 weeks in 2016-17 ) 10/ — 1222 b_1
2 - 1rst bar= stat. error; 2" = stat + syst. errors with ECALO+1+2 global 0, p
1 1 A Ll ‘ 1 1 L Ll L l[ 1 1 1 L 1L l
107 107 107 107 Xg

e 2012: 2 weeks of data taking with nearly complete set-up

-2 1/20 of proposal statistics
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DY

* DY: We measure lepton pair (utu”) N
from qq annihilation aN v

- important: hadron absorber 1 B

* ideal DY experiment: pp

o
. > 1
* good compromise: T p S L Q@ vs. x at COMPASS
> ann{hllatlon of valence 5 L Drell-Yan (MC)
(anti-) quarks from n~and -
from polarised proton I
10 SIDIS (2010 proton data)
* good acceptance at COMPASS -
in the valence quark region! -
¢ .
10° 102 10"

X
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-- (non-) universality of TMDs

71'_pT — putp—X

Final state interaction

Initial state interaction

* DY: Access to 4 azimuthal modulations: —__ SIDIS
> Boer-Mulders, Sivers, pretzelosity
and transversity PDFs

* COMPASS: Access TMDs by azimuthal N

DY

asymmetries in both:
» Drell-Yan: TMD x TMD
» SIDIS: TMD x FF

* Parasitic measurement of Boer-Mulders asymmetry in SIDIS

f+(SIDIS) = —f{+(DY)
* Boer-Mulders and Sivers TMDs are T-odd, thus the prediction: -
hi-(SIDIS) = —h;- (DY)
Fundamental test of universality
and validation of TMD approach:
=> Change of sign in DY vs. SIDIS
Frank Nerling Newest results from the COMPASS experiment 03/09/2014
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polarized NH;; |
Targets S ™ Tungsten Plug
: =t (works as a nuclear target)
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W / Summary & conclusions

Results from hadron beam data

* First precise measurement of pion polarisibility

* New path to radiative meson excitations

* High potential for light mesons spectroscopy & spin-exotic search
* New measurement of OZI violation

Results from muon beam data

* Nucleon spin structure, traditional PDFs nearly finished
* COMPASS I

» GPDs (1D = 3D picture of the nucleon)
» Drell-Yan (fundamental check of Sivers fctn.)

Frank Nerling Newest results from the COMPASS experiment 03/09/2014
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