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COMPASS

A high energy beam two stages speatliametaF;,

A large angular acceptance Large Anglepre8RBRIM prer A @it
A broad kinematical range Small Angle Spectromdfer [8I@G2Y/c

: "-;14_ 51(&‘4‘\‘* o

40
p (GeV/c)

— "

Trieste 23-27/2013 XCIX Conaresso SIF 4



/S COMPASS 8 some facts

Located at CERN North Area beam line
Possible beams: py*, u, p*, p, K Y Sever al physics pro

Experiments with muon beam Experiments with hadron beams
A Spin structure, Gluon A Pion polarizability
polarization » Diffractive and Central
A Flavor decomposition production
A Transversity A Light meson spectroscopy
A Transverse Momentum- A Baryon spectroscopy

dependent PDF

A DVCS and HEMP A Pion and Kaon polarizabilities
A Unpolarized SIDIS and TMDs 4 Drell-Yan studies

Trieste 23-27/2013 XCIX Conaresso SIF 5



/S COMPASS 8 some facts

Located at CERN North Area beam line
Possible beams: py*, u, p*, p, K Y Sever al physics pro

Experiments with muon beam Experiments with hadron beams
A Spin structure A Hadron spectroscopy

A p, d polarized target (L & T) A Small LH, or nuclear targets

A DVCS/Unpol SIDIS A Drell-Yan studies

A Long LH, target A Polarized target (T)
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D;q(x Q%) =Da(x Q2)
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'Q nucleon with transverse or longitudinal spin

O @ parton with transverse or longitudinal spin
‘ parton transverse momentum

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

k) @ - @
i)y

worm-gear T

k, — intrinsic transverse momentum of the quark
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* Inputs needed for the extraction of Aq(x, Q°):

9 e;A4q(x,Q%)Dy(z,Q") * Unpolarised PDFs ( q(x. Q%)) — MRST04
. e:q(x:QZ)D:(z’Qz) « D ll(Z Qz) -3 mmmmmnmm

8) 072001; PR D80

AL9(x,2,Q)

* COMPASS
© HERMES
— DSSV fit

PLB 693 (2010) 227

Leading Order (LO) fit of the 10 asymmetries (5d+5p)

Determine 6 flavor separated PDFs |Au, Ad, Au, Ad, As and As




LO analysis of deuteron data of COMPASS, Q°=3 GeV?>

e Q=u+u+d+d a=>2urt2ise

3Ry p+2

o fD (z)dz o IDK+(z)dz

* Ryr = [DET(2)dz' " 5F = [ DKT(2)dz
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Open Charm production

Y*g — ¢¢ = reconstruct D mesons

e . 2
luon fusion Hard scale: Mc

g No intrinsic charm in COMPASS kinematics
No physical background

Weakly Monte Carlo dependent
Low statistics

% COMPASS open charm

— COMPASS (Ag-0)

« First extraction of AG at NLO o ey e
- Constrains AG at larger x L stegn gy
« Charm result can be included in global NLO fits:

model independent asymmetries A, (p; Ep) available

PER



« High-p_hadron pairs

P v*¥g — qq = reconstruct 2 jets or h'h"
luon fusion Hard scale: Q*or Zpl’; [Q*>1o0r Q* <1 (GeV/c)']

g
High statistics

New COMPASS, high p., Q@21 (GeV/c)?, 2002-2006
COMPASS, high p_, Q%<1 (GeV/c)?, 2002-2003
COMPASS, open charm, 2002-2007

SMC, high p._, Q%1 (GeV/c)?

HERMES, high p_, all Q2

g;y gszg X \.:u#magflf\l{l@%e@c)z

VS
LSS fit with AG changing sign, p?=2.5(GeV/c)?




c%yss A *"(pp):polarizedhadron o-production

Projections by Jager et al. for COMPASS with 1 fb-1 (=1/4 COMPASS stat.)

03 I I 1 I I I I I | I I 1 I |
T, d
A (0 =180 mrad)
N LL LITEES 'Ag = -0
- 'Ag =0
0.1 & -
'std. Ag'
. o i , . ==.Ag=g
I I input |
LL=1/fb ButL=4%fbforall COMPASS data-
e e

1 2 3 pT [GGV] 4

Jager, Stratmann & Vogelsang: EPJ C44 (2005) 533
So far, only NLO pQCD for polarized case (no resum.)

In perspective: constrainingpG b y"(pA) (working on)
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“7” Collinsand Sivers asym .

AT polarized target, SIDIS:
AMeasure azimuthal asymmetries:

Collins: Outgoing hadron direction & quark transverse spin

Sivers: Nucleon spin & guark transverse momentum k-

. Collins Sivers
i dish Quark
D;q transverse spin distr T™MD ol
,Z \4 function
N 2 ~ — L A e
g tpg Ao O - Bafline” By

ACO" = h ) A Dh ASIV T A Dh
aq&dA Yy 0547 B

note: D.q also measured using
ofawohadr ond 6 ffunetignme nt at i on
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@  positive pions

®  negative pions combined 2007 17 2010 results .
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»
N 5 with HERI

COMPASS positive pions x<0.032 preliminary
COMPASS positive pions x>0.032 preliminary
HERMES =+ PRL 103 (2009)

00, ¢ ?
¢ 44

as for h+, smaller values measured by COMPASS;
same indication for K+

CDMP&SS negalwrpmmmrm
COMPASS negative pionsy>0.032 ]:lr*.;-]mumu';\-r
HERMES = PRL 103 (2009)

i +§ *




8 ,
COMPASS 2010 proton data ‘
p relimina ry

0.5 1 1.5 2 | ‘
‘M ((1(;\ /C“)' 4 ‘

iny



« [0.3, 052]° .

= [0.52,0.75] COMPASS 2004 -
. [0.75,1.50] °® preliminary o

02040608 102 04 06 08 1 02 04 06 0.8



i

i,

[E;
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S

—e— positive hadrons
- negative hadrons

Proton 2007-10 data



/" Physics from hadron beam

Rich program on hadron spectroscopy at COMPASS,
search for exotic mesons

- Diffractive resonance production

- Central production

p, K, p beams - 190 GeV : large energy transfer spectrum t
Spectrometer :

Huge statistics 1 B !

. . QO'I 3
MajOr progress On analySIS 13" International Conference

i i i i Meson-Nucleon Physics and
Potential for discovery of small intensity new states the Structure of the Nucleon
September 30% - October 4% 2013, Rome, Italy

A Diffractive processes 1 pPA P PP Precoi
A Pion polarisability Ni A p Nig - (2009 Prlmakoff)

http://menuz013.romaz.infn.it
enuzon @romaz.infi.it y

Poa Unsiversith della Santa Croce, Rome, Iy
C, 3 (JSA Jeffergon Lab G CAEN '»# Vs %J
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COMEASS Diffractive resonance production in p-pA P p*p-

, Precoil

Partial waves :
JPC Me[isobar] L

- mesons
Target Recoil

Study 2008 data, large statistics

In(M;,, to0) Dbins, 88 PW (27 wit
Impose isobar description

M,, dependent fits on selected waves,
combined fit of tO0 bins

Extract resonance parameters
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Tp — W p (COMPASS 2008)

to ~1

T'p = IWp (COMPASS 2008)
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2009 data

a, -obp (in 1(3'4 fm3)=
3.7° 14, 1.6Syst
AgreeMt with ChPT
still  preliminary

- 2012 data, 3 components
(ap - bp)
(a, + bp)
(a, - by)
can be measured with - --0,= 3.00, B,= -2.86
an accuracy of 10%

-0.8 -06 -04 -0.2 0 02 04 06 0.3 1

and kaon polarizabilities cos 6,,




CO?”S Semilnclusive Deep Inelastic Scattering

Se’r’n'i-‘l‘nclusive DIS measurements | with polarized targets (2002-2011)
1 with a pure proton target (with GPD progran

' i

Use of RICH detector and Calorimeters
Charge separation and identification K*, K-, K%, p*, p-, p% Lé

Major progress as compared to previous experiments
to strange PDFs: s(x) and Ds(x)

Hadron multiplicities at LO ANDIS eZq(x, ()2 3]

PDF  quark Fragmentatiofrunction
dependon x dependon z

Final goal: extensivmeasurementgx, z, @, p{")
to provideinputs to NLO globalnalysisfor both PDF and FF
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)

7% TMDs

.
Asymmetries in the azimuthal angle 7,

of the outgoing hadron around the virtual photon
can reveal quark transverse spin and

quark transverse momentum (k) effects

beyond the collinear approximation

At leadingtwist, notonlyf,(X, k), g;, (X, k), (X, k)
but also5 otherTransvers&/lomentum DependentPDF (TMD (X))
whichdo not surviveafter integrationon k-

2 examplef TMDs

BoerMulders Sivers

N - A, NS
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COMPASS LD (25% of 2004 data) preliminary

roi He

.........

02 04 06 08
p! (GeV/c)

02 04 06 08

pl (GeV/c)

pl (GeVic)

02 04 06 08

p! (GeVic)

02 04 06 08

p! (GeV/c)

02 04 06 08

Py (GeVic)

C manydatacollectedandstill to be collectedin SIDISvith GPD progra
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b

Cross sections:

\ I "’I

In SIDIS: convolution of a TNAIth a fragmentatiorfunction
In DY: convolution of BMDs ¢t o« f_ & f

A complementaryinformation anduniversalitytest




"WS The polarized Drell-Yan process in T p

"

ds e 4 [, " A 2
dqdw & qZ(F )it A, o) .
€1 + cos/ 3D\. oY gosRj) D, ALY

&sin2g g égiﬁzq ngzU 4
s Ssi inj 3 " 4sin(2)) B A" 9.
L 85 §|n2q 8 ésiﬁzq 0 H .

o

I
1 |
1 |
1 |
1 |
I !
'I\ e . . a sin/ ~sinj/ 0 (%) ‘
L Sl 0. §
A e | : u y
= - )2 BE T u
7 é VR - . ;
i 5, SN + /)% Dy, g1 + u | C Access taMDsfor incoming
I | . A
T Sing - ) 8y e 8 b pion A targetnucleon
L o S T = 4 | T™MD asTransversitySivers Boer
g A - d . a sn(2/,+/9 O U / .
% gSIn(Z/ AL gpgsq " 5 S Mulders,pretzelosity
i ‘\
l t

Collins-Soper frame (of virtual photon)

q, | ;

target rest frame
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Expeimentdlchedk dftthecehapge icign of
TMDsconfronting Drell-Yam ants8iBItesults

In order not to be forcedto vanishby time-reversal invariance
the SSAequiresan interaction phasgeneratedby
arescatteringof the struckparton in thefield of the hadronremnant

Time reversal

—

= =

=) -

e -
-
P

3
: . AW AV AN W WAV
Jfinal state interactions
after hard em-scattering
Juture-pointing Wilson-line

inifial state interactions
before hard em-scattering
past-pointing Wilson-line

moN
(¥
A \ JERY
h 1 (SIDIS) =- hy (DY) g@ﬁ"“‘ﬁ* AATE
BoerMulders NEED @?wy\»ﬂ“ @\d
Sivers fﬁ- (SIDIS) =- fﬁ- (DY) \e of c,oﬂs‘g‘ ACB
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fbM” S Why DYpp' is very favourable at CONIRASS?

" o
" \
» ' .

o PY oc fﬁlﬂ‘ D fup

. Pythia, 190 GeV/c m— - i

o “E acev/d <m . <9ociv/ | | Competitive experiments at

e RHIC (STAR, PHENIX) collider pTp
os o Fermilab fixed target p™= H, pHT=
0 0 J-PARC fixed target pp'", wp™
a"ﬂ.é'ﬂ.e'ﬂﬂé-'a'-.'n"a'.z'a'e'.a's';g B0 0 0 FAIR (PAX) collider ﬁﬂ F«’TT

s e nid | NICAcolider  pf pfl, g1
acceptance

large acceptance of COMPASS COMPASS ha}s the chance to be
in the valence quark region for p and ’ the first experiment to collect
where SSA are expected to be larger  [Single polarized DY

Trieste 23-27/2013 XCIX Conaresso SIF 44



@? vs. x at COMPASS
Drell-Yan (MC)

SIDIS (2010 proton data)

The phase spaces of thg two processes overlap at COMPASS
C Consistent extraction oRVIDsDPFS in the same region



| 9 dégdo dN(za,2b,6,95) i\ bs
Aaljl ¢s (Ta,1p) = f dodes

- /ST N(zq, zp)

Siversasymmetryin the safedimuon
massregion 4 < M, < 9GeV

2 years of data
190 GeV pion beam
6 .108 ““/spill (of 9.6s)
1.1 m transv. pol. NH; target
Lumi=1.2 1032 cm=2s1

i

015 -

0.1

Blacksolid anddashed

Black dotdashed

Squares

-0.05

|||||||||||||||||||||||||||||||||||||
-0.8 0.6 0.4 0.2 0 02 0.4 0.6 _ o8

xF=xn-xpT




.

DeeplyVirtual ComptonScatiefing
mp-  mD.J4y)

0

X+ X A\X- X

Distrib. de Partons q ( X ) GeneralizedPartonsDistrib.

Py P. ba




wy’“ Kinematicdomain (Q?, x5) for GPDs

CERN High energy muon beam

_ V 100 - 190 GeV
flxed tal’get Ve*®and ¢~ available
_ V 80% Polarisation
CO”Ider with opposite polarization
V4.6 108 nt

C Lumi=10%2 cm=2s-1

A with 2.5m LH2 target
Cg) % U Explore the intermediate Xg;
Q @ region
© ~ U Uncovered region between
/‘/\ ~ ZEUS+H1 & HERMES + Jlab
1, // before new colliders may be
Q/ available

| t tone to show the impact
of COMPASS
=> goal of the 2012 DVCS pilot run
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