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COMPASS-II time lines

Part of the COMPASS-II proposal approved and scheduled by CERN

» 2012: pion and kaon polarisabilities (Primakoff) + comissioning and pilot run for DVCS

» 2013-2014: long SPS/LHC shutdown
» 2014-2015: Drell-Yann measurements with transversely polarised protons (NH; target)

» 2016-2017: stage 1 of GPD program and in parallel with SIDIS (LH target)

Measurements to be pursued at COMPASS-II > 2017 (subject to an Addendum)

v Drell-Yann on transversely polarised protons, transversely polarised deuterons,
unpolarised protons and nuclear targets

v’ stage 2 of GPD program with transversely polarised NH, target and RPD
v SIDIS (high statistics) from transversely polarised deuteron and proton targets

v" hadron program (spectroscopy in diffractive and central production, hybrids and exotics)
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wide physics program carried on
using both muon and hadron beam




as inp run
COMPASS setup NIM A 577(2007) 455

* high energy beam two stages spectrometer

e large angular acceptance Large Angle Spectrometer  (SM1)

« broad kinematical range Small Angle Spectrometer (SM2)

variety of tracking detectors to Luminosity 5-10 32cm-2s-1 =%
cope with different particle flux ' 5
from 6 = 0 to6 ~ 200 mrad
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Pion polarisabilities




An important test of yPT

polarisabilities describe the deformation of the pion by an EM field

E

2-loop ChPT prediction:
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Pion polarisability measurement at COMPASS

vay—my atVS<3m
by 190 GeV pion beam on nickel target
isolating sharp Coulomb peak at Q? < 0.0015 (GeV/c)?

v/ assuming o,_ =

embedded in the reaction 1= Ni — 7~y Ni

- B, ., the ratio of cross sections can be expressed as
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from 2009 data

o = (2.0 £ 0.6 *0.7,) 10 fm?

sys

2-loop ChPT prediction
—>

o, = 2.93 x104fm3

expectation from ChPT confirmed
within the uncertainties

control measurements of ‘false’ R with muon beam
o, = (0.5+0.5,,) 104 fm3

——> no significant systematic bias



Pion polarisability at COMPASS - conclusions and outlook

& measurement of the pion polarisability via the Primakoff reaction

0, = (2.0 £ 0.6 £ 0.74,5) 104 fm3

& high statistics run 2012 (COMPASS-II)

with assumption o._= - f3

n
" new precise experimental determination
= control of systematics: uy —pny
= the expectation for ChPT confirmed within the uncertainties
= the COMPASS results is in tension with the earlier measurements
= separate determination of a._and 3
» s-dependent quadrupole polarisabilities
ar — Bz r + B a2 — 32
(10~*fm3) | (10~*fm3) | (10~* fm?)
2-loop ChPT prediction 57T +£10 0.16 = 0.10 16
COMPASS sensitivity + 0.66 + 0.025 + 1.94

= first measurement of the kaon polarisability




DY measurements




Drell-Yan process in polarised n~ p' scattering
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Access to TMDs in polarised DY process

* AT 0 hi-(m) @ hi (p) functions of the incoming hadrons

¢ Af_sii*-n S (m) ® fi7(p) Sivers function of the proton

. Az’ri.n(?(‘”qés ). h.f (m) @ h J{, (p) function of the pion and the Pretzelosity function of the proton
¢ A;j.n(%_ég A h..f (m) ® hi1(p) function of the pion and the Transversity function of the proton

Why do we need them?

Time-reversal odd behaviour of Sivers and Boer-Mulders TMDs lead to prediction
of change of their sign when accessed from SIDIS or DY - restricted unversality

FSI

N ‘gauge link changes sign
for T-odd TMD’, restricted
universality of T-odd TMDs
J.C. Collins, PLB536 (2002) 43
IS (g
attractive repul sive
fE(DY) = —fL.(SIDIS) hi (DY) = —hi(SIDIS)
Sivers Boer-Mulders

Crucial test of the TMD approach




Sivers and BM from SIDIS at COMPASS

2007, 2010 PLB 692 (2010) 240 PLB 717 (2012) 383
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SIDIS and DY at COMPASS

Kinematic ranges at COMPASS for polarised Drell-Yan (4 <M an <9 GeV/c?) and SIDIS

Ty
=
M 102~ Q7vs.x at COMPASS
o Drell-Yan (MC)

| IIIIII‘

10 SIDIS (2010 proton data)

| IIIII[‘

Colour scales (arbitrary units)
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107 107 107

X

For h* in SIDIS with Q*> 16: 84y "~ = 0.01 for z > 0.2 and = 0.007 for z > 0.1 sample
For h™ in SIDIS with Q2> 16: 8452(®r~%s) - 0,012 for z > 0.2 and = 0.008 for z > 0.1 sample
§A7" " in DY (“high mass” range) with 2.85 10° events =~ 0.013 with 5 10% events =~ 0.01

Unigue opportunity to access the sameTMDs both via DY and SIDIS with the same spectrometer




Requirements to COMPASS setup for DY

v small cross section => large luminosity
=> high intensity pion beam 108 7~ per sec. on a thick target ( ~ 1 interaction length)

v hadron absorber and beam plug in front of the spectrometer

v NH; polarised target => transverse polarisation, spin rotation every few days
v’ possible use of a thin nuclear target downstream of PT, inside of the absorber

v’ scintillating fibers vertex detector inside of the absorber

v hodoscope based dimuon trigger system Polarized target: NH3

Vert
i cteorex Had r0n Absorber Stainless Steel

2T : L Alumina
190 GeV/c B 2% ’/

T Beam 0> 3 — |
polarized NH, %
Targets LN

/™ Tungsten Plug
=== (works as a nuclear target)

hin Nuclear Target




Kinematic range and acceptance for high dimuon mass range

M. Anselmino et al.
PR D79 (2009)
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at COMPASS the contribution from valence quarks dominant, mostly V@ (p) and @ V&(x)




Events/(20 MeV/c?)

Feasibility test in 2009

3 days of 190 GeV 7~ beam on a polythelyne two-cell target, |, .., = 8x10° 7 /s
a prototype hadron absorber and beam plug installed
a dimuon trigger based on calorimeter signals

e

——
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= V= + COMPASSDY 2009 § F COMPASS DY 2009
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v number of Jy, its mass and width
in agreement with expectations from MC
simulation => validation of MC

v combinatorial background negligible at high
dimuon masses 4<M, <9 GeV/c?
small under Jy peak

v’ separation of target cells visible

v expected improvement of vertex
resolution with SF vertex detector to

be implemented for 2014-2015 run



Recent update of the expected rates and asymmetry uncertanties W

For 2014-2015 expected increase of event rates compared to those in the proposal

with |, = 108 particles/s and 9.6s spill every 34 seconds

=> 2000 events/dayin4 <M, <9 GeV/c? range,
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DY program outlook

& End of 2012 — mid of 2014 preparation of the DY setup

hadron absorber installation, PT movement in DY position, PT test
with refurbished solenoid magnet and new PT infrastructure

& In 2014 two-months polarised DY pilot run from mid October

& Physics data taking in 2015 (~ 140 days)

& A second year for DY planned, after a LS in 2018

subject of an Addendum to the COMPASS-II proposal with
= polarised and unpolarised DY measurements with 6LiD target
= measurements with a liquid hydrogen long target

= nuclear effects in unpolarised DY



GPD program




Main goals of the GPD program

& GPD a 3-dimensional image of the partonic
structure of the nucleon

H(x, €=0, t) — H(x, ry)

probability interpretation
Burkardt

& Contribution to the nucleon spin puzzle

E related to the orbital angular momentum

27, = | x (H9 (x,£,0) +E9 (x,£,0) ) dx
1= %AZ+AG+<LZQ>+<LZQ>




Q* (GeV?)

b o & aeeo

What makes COMPASS unique for GPD studies

CERN SPS high energy polarised muon beam

kinematic coverage for DVCS v 100 - 190 GeV
/ ."Ir . .
' COMPASS 160 GeV / v' polarisation 80%
"/ HERMES 27 GeV /{/" v l”l+ and l,l_ available
JLab 11 GeV / * opposite polarisation
ZEUS +H1

« 3.9 -108 u* /spill
1 (u) =241 (W)
v L=10%cm2 s
with 2.5 m long LH, target

Foreseen measurements
DVCS and HEMP off unpolarised and

transversely polarised protons

Kinematic range for DVCS

/
N Q2 — 8 GeV?
5‘?‘/ ~102<x < ~1071
S X — 0.20 with extension of
S 10 .
S present calorimetry



expected nb of events

T g T T

Interplay of DVCS and BH at 160 GeV
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0.005 < x5, < 0.01

" — BHDVCSE
[ = [BHF

_8

= = [DWVCSH
== o Interference

BH dominates

excellent
reference yield

ted nb of events

expec

N [
=} o
L I

-
n
Lo

10

0.01 < x; < 0.03

B — [BHEDWVCSE
T

- = |[DVCSE
----- Interference

_IIIII11IIIIIJIIII 1880 IIIIEIIIJI[I

-150

400 &0 o] &0 100 450

& (deg)

access to DVCS amplitude
through the interference

expected nb of events

[
T [ T 11

BH and DVCS at the same level

]

Xg; > 0.03

Ll
| i i

[ e [BHADVESE = = JDVCSE

L] 100 150

& (deg)

DVCS dominates

study of doPVCS/dt

Monte-Carlo
Simulation
for COMPASS
set-up with
only ECAL1+2

non-uniform
VCS acceptance
ithout ECALO



Exclusive y production from 2009 DVCS test run
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Extraction of DVCS cross section and amplitude

Beam Charge & Spin Sum
Scsu =do™) + dow’) = 2(deB + doPVeSy,0 + e, P, aBH ImTPVCS)

l -~
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i
2V _, dgpves /dt 'nt — | m(F 1 7'[) ImJH (&) = H(x=&,&,t)

Beam Charge & Spin Difference
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\

o + % cosqo.oqua.oqua .smqa
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Transverse imaging of the proton using doPVes/dt

integrating SCS,U over @ and subtracting BH dO'DVCS/d'l' o~ exp(-BITI)
‘tomography’: B(x) < <r{?>(x)

COMPASS-II proposal

—
"ﬁ L * 40 weeks of data
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i global 10/’
4 Sy
- LIS <y >=32 Gey™ ansatz at small x,
: v HI-HERAI <Q > =4GeV, o
2 |- . HI-HERAIl <Q'>=8GeV? @ @ @ @ + inspired by
I with ECAL1+2 Regge Phenomenology:
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i 3 s :
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Transverse imaging of the proton using do®Vves/dt

B(GeV?")

Projection for statistical uncertainty on B-slope from 2012 DVCS pilot run data
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DVCS test in 2012

2 weeks of data taking
using the 4m long RPD
+ the 2.5m long LH2 target

1/20 of the total statistics
foreseen in the proposal

From 2012 data expected the first
measurement of B-slope for DVCS
at an Xg; value above HERA range



B (GeV™?)

t-slope measurement for exclusive p° production

do,n_n/dt ~ exp(-B|t])
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Beam Charge&Spin Difference of cross sections
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COMPASS-II proposal

[ E=160GeV 1< Q'S 4GeV'  0.03< xy< 0.07

statistical errors only (in 280 days)

— VGG Reggeized (x.t)-correlation
\— — VGG Factorized (x,t)-dependence

Mueller fit on world data
—— (with JLab Hall A)

..=e: (without JLab Hall A)
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Recoll proton detector - CAMERA

ToF between 2 rings of plastic scintillators

0.06 <-t< 0.8 GeV/c®? .

42m

36 m

I0cm

Llm

Ring B

Ring A

2.5m

%
ECALO

B [25dm

t

Tsz_

3.90m

Specifications

Ring A :

- 4mm thick, 280 cm long
- 350 ps

- Light holding structure
Ring B :

- 5cm thick, 360 cm long
- 160 ps
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CAMERA performance in 2012 pilot run
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Beyond the dominant GPD H

Azimuthal asymmetries for (incoherent) exlusive p° production on pt and d?*
Compass 2002-2010 data with transversely polarised NH; and °LiD targets

WN"— upoN without recoil detection, selection with exclusivity cuts
corrections for SIDIS backg.

® COMPASS, NP B865 (2012) =—— GK model, EPJ C59(2009)
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sin(Q - . . .
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small values expected due to approximate cancellation of contributions from EY and EY, EY = -Ed

Eppo ~ 24Eu+14Ed+34E9 vs. Er, ~ %EY-% Ed + 14 E9 (cf. upper-right plot)
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Azimuthal asymmetries for exlusive pO production on p'

® COMPASS, PLB 731 (2014)

asymmetries published also as functions of xg;, Q% and p+*
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& asymmetries small, compatible with 0, except

ur

A2 =—0.019+0.008+0.003

& indication of Hy, ‘transversity’ GPD, contribution

~E, ~E

Mvp,’ #p helicity amplitudes

0, unpolarised cross section
Hr(x, 0, 0) = h(x)

E,=2Hr - E;

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



DVCS - azimuthal asymmetries from transversely polarized NH, target

/chs, r =g 1/d 0

160 GeV muon beam
(I)CS,T = d-()'T (ﬂ +J) - JGT (ﬂ '7\) 1.2m NH; target

X Im(F,H —F,E) sin(@-Pgcos ¢ + ... \fﬁlt%b%aOLﬁ ECAL2
40 weeks

forup’ - pwyp from NH,
dO'O - unpolarised, charge averaged cross section dilution factor f=0.26
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Summary and outlook for GPD program

» COMPASS has a great potential for GPD physics
v" unique polarised u* and u beams

v' favourable kinematic domain (Xg;)

» Large projects for new apparatus
v 4m RPD + large angle ECALO (phase 1)
v" recoil proton detector incorporated into a large polarised target (phase 2)

» |Investigation of GPDs with both DVCS and HEMP on unpolarised protons

v t-slope of DVCS and HEMP cross section as a function of Xg,
— transverse distribution of partons

v' Beam Charge&Spin sum and difference of DVCS cross sections

— ReTPVCS and Im TPVCS for the GPD H determination

v" Production of vector mesons p°, ®, ¢ ... — flavour separation for GPD H

v Production of ® — sensitivity to GPDs E and e 2H; + E; )

» Transverse Target Spin Asymmetries for DVCS and hard exclusive meson production

— GPD E and angular momentum of partons
— also for mesons investigation of chiral-odd GPDs
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Selection of pion Compton scattering sample
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Results from 2009 DY test run

Events/(20 MeV/c?)

- - - - 1
Distribution of dimuon transverse momentum
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Exclusive p° production on p'and d' at COMPASS

LN — pp®N

Transversely polarised protons  (target NH;), 2007, 2010
Transversely polarised deuterons (target °LiD), 2003-2004

note: there was no RPD for these data

only two tracks of opposite charge associated to the primary vertex

DIS cuts

1 < Q?2<10GeV?
0.1<y <09
W > 5 GeV

cuts specific for exclusive p® analysis

—— protondata (797 000 evts)
—— deuteron data (97 000 evts)
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Transverse target spin asymmetry for incoherent exclusive p? production

Extraction:

for each kinematic bin

All 8 asymmetries extracted together from a fit of the number of signal events in ¢, ¢ bins for each of the target cell
(U+D, C) and polarization state (+,-) — 4 input 2D matrices

Background rejection:
for each kinematic bin, target cell and polarization state
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Background asymmetry probed in 7 GeV < Epjss < 20 GeV region

shape of semi-inclusive background from MC
(lepto with COMPASS tuning + simulation of spectrometer response
+ data reconstruction)

MC weighted using agreement between real data and MC for
wrong charge combination sample (h*h* + h-h-)
ﬁ;—:;&h'* | E miss |+ 1Vi::11%'ﬁ B I-r Em:’:s :

NEP (B e (B
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Normalization of MC to the real data using two component fit
Gaussian function (signal) + shape from MC (bkg)

Pawel Sznajder

DIS 2014 10



ECALO in 2012 DVCS pilot run

56 modules (~1/4 of total) availale for 2012 run
(calibrated with beam on Oct 24, 2012)

Invariant yy mass spectra

Reduced setup in 2012 (1/4 of total) for m° production using pion beam
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GPD program of Stage 1 with complete ECALO is scheduled for 2016-2017



