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The COMPASS Experiment
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Parameters of Experiment

Spectrometer: Two stages
1 GeV < p < 200 GeV
tracking:
Scifis, GEMs , Micromegas, Straws
particle id.:
K , π separation 9 < p < 60 GeV with RICH
ECAL,HCAL,µFilter

Beam: 160 GeV µ , 2 · 108/5s,
naturally polarized Pol = –0.76 ± 0.04
190 GeV π , 5 · 106/5s

pol. Target: 2 × 65 cm cells, oppositely polarized
6LiD, Pol ≈ 0.5, DNP
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Polarized Target

 

1m

Targets

Dilution refrigerator

Superconducting
        magnet

polarization via Dynamic Nuclear
Polarisation

solid state target
6LiD, Ptgt = 0.50,
f= 0.5
NH3, Ptgt = 0.85,
f= 0.176

two cells oppositely
polarized

Solenoid (B = 2.5T)

Dipole (0.5 T)
3He-4He - cryostat
(Tmin = 50 mK)

measurement of
polarization with 10
NMR - coils
(σP

P
= 0.03)
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Summary: Experiment

polarized µ beam of 100-200 GeV → Deep Inelastic scattering

polarized target

Two stage spectrometer

momentum range 1-200 GeV
particle id.

Fulfills all requirements to study . . .
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Spin Structure of the Nucleon
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Spin Structure of Baryons
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Spin Structure of Baryons
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Static Quark Model

SUspin(2) × SUflavor (3):

|p ↑>=
1√
18

(2|u ↑ u ↑ d ↓> −|u ↑ u ↓ d ↑> −|u ↑ d ↑ u ↓> +

permutations)

∆u = < p ↑ |Nu↑ − Nu↓|p ↑> = 30
18 − 6

18 = 4
3

∆d = < p ↑ |Nd↑ − Nd↓|p ↑> = 6
18 − 12

18 = − 1
3

∆Σ = ∆u+ ∆d = 1
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Weak Baryon Decays

Weak Baryon decays are related to ∆q:
n → p: (∆u + ∆ū) − (∆d + ∆d̄) = gA = 1.2601 ± 0.0025
Ξ−

→ Λ: (∆u + ∆ū) + (∆d + ∆d̄) − 2(∆s + ∆s̄) = 0.58 ± 0.03

Assumption ∆s + ∆s̄ = 0 ⇒

∆Σ = (∆u + ∆ū) + (∆d + ∆d̄) = 0.58 ± 0.03

Polarized Deep Inelastic Scattering (pDIS) provides additional
equation, assumption ∆s + ∆s̄ = 0 can be dropped
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Deep Inelastic Scattering l + N → l ′ + X

l(k)

)l(kll

 (q)*γ

N(p)

)hh (p

)XX (p

 k)k = (E,

 k’)k’ = (E,

’)h p,h = (Ehp

l + N → l ′ + X : inclusive process
l + N → l ′ + h+X : semi-inclusive process
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Deep Inelastic Scattering l + N → l ′ + h + X

For inclusive process:
Q2 = −(k − k ′)2 = −q2 4 momentum transfer
ν = p·q

M
= E − E ′ energy transfer in LAB (TRF)

x = Q2

2p·q
= Q2

2Mν
Bjorken variable (0 < x < 1)

momentum fraction of quark in QPM
y = p·q

p·k
= ν

E
rel. energy transfer

W 2 = (p + q)2 mass of hadronic final state
W ≈> 2 GeV ⇒ DIS

For semi-inclusive process:

z = p·ph

p·q
= Eh

ν
energy fraction of virtual photon

carried by hadron (0 < z < 1)
pT transverse momentum with respect

to virtual photon
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DIS in Quark Parton Model

l(k)

)
l

(kll

(q)*γ

N(p)
 p)ξ = qq(p u

u
d

+π

n

0
 K

0K
l
q pη =+πp

+q)q (pη =
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DIS in Quark Parton Model

l(k)

)
l

(kll

(q)*γ

N(p)
 p)ξ = qq(p u

u
d

+π

n

0
 K

0K
l
q pη =+πp

+q)q (pη =

Scattering off the
Nucleon

is incoherent sum
of elastic scattering

off Quarks!
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Polarized DIS

σ↑↓
γN ∝ q↑ σ↑↑

γN ∝ q↓

↑q

↓q

↑q

↓q

Measure double spin asymmetry:

A1 =
σ
↑↓

γN
−σ

↑↑

γN

σ
↑↓

γN
+σ

↑↑

γN

=
Σqe2

q∆q

Σqe2
qq
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Results from pDIS

Add information from deep inelastic scattering

∆u + ∆ū = 0.82 ± 0.03
∆d + ∆d̄ = −0.45 ± 0.05
∆s + ∆s̄ = −0.11 ± 0.03

∆Σ = 0.25 ± 0.06

Leader, Sidorov, Stamenov, Eur. Phys. J. C23(2002)479
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The Nucleon Spin Puzzle

Static Quark Model: ∆Σ = 1
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The Nucleon Spin Puzzle

Static Quark Model: ∆Σ = 1

Weak Baryon decays: ∆Σ = 0.58 ± 0.03

(Assumption ∆s = 0)
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The Nucleon Spin Puzzle

Static Quark Model: ∆Σ = 1

Weak Baryon decays: ∆Σ = 0.58 ± 0.03

(Assumption ∆s = 0)

DIS: ∆Σ = 0.25 ± 0.06

∆s = −0.11 ± 0.02
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The Nucleon Spin Puzzle

But NLO1 QCD 2 corrections make interpretation of ∆Σ difficult:
∆Σ → ∆Σ − 3αs

2π
∆G ,

∆s → ∆s − αs

2π
∆G

∆G = G ↑ − G ↓, polarized gluon distribution

 G∆
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1next-to-leading order
2Quantum Chromo Dynamics
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The Nucleon Spin Puzzle

But NLO1 QCD 2 corrections make interpretation of ∆Σ difficult:
∆Σ → ∆Σ − 3αs

2π
∆G ,

∆s → ∆s − αs

2π
∆G

∆G = G ↑ − G ↓, polarized gluon distribution

 G∆
-1 -0.5 0 0.5 1 1.5 2 2.5 3 3.5 4
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0
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Σ ∆

 s∆

For ∆G ≈ 2.5 →,
∆Σ ≈ 0.6 and ∆s ≈ 0

→ Measure ∆G !!!

1next-to-leading order
2Quantum Chromo Dynamics
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How to measure ∆G?

Use hadronic final state in DIS to tag gluon!

~µ + ~N → µ′ + hadrons + X

p
u

u

d
q

 q

g

hadrons

hadrons

q

 q

*γ
’µ

µ
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How to measure ∆G?

Use hadronic final state in DIS to tag gluon!

~µ + ~N → µ′ + hadrons + X

p
u

u

d
q

 q

g

hadrons

hadrons

q

 q

*γ
’µ

µ

g

How to tag sub-process
γ∗g → qq̄ ?
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How to tag γ∗g → qq̄?

advantage disadvantage

open charm clean tag low statistics
high pT

hadron higher statistics background processes

N
g γ

c

c

 c

+π - K→ u = c 0D

 
0

 D
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How to tag γ∗g → qq̄?

advantage disadvantage

open charm clean tag low statistics
high pT

hadron higher statistics background processes

N
g *γq

q

 q

>0.7 GeVTp

hadrons

hadrons
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How to tag γ∗g → qq̄?

advantage disadvantage

open charm clean tag low statistics
high pT

hadron higher statistics background processes

N
q

*γ
q

q

g

>0.7 GeVTp

hadrons

hadrons

Compton process one of background processes
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To tag gluon look at
charmed hadrons
hadrons with large transverse momentum

Jörg Pretz Spin Physics with COMPASS



The COMPASS Experiment The Spin Structure of the Nucleon Results Summary & Outlook

To tag gluon look at
charmed hadrons
hadrons with large transverse momentum

To learn something about spin measure double spin
asymmetries

Araw = N↑↓−N↑↑

N↑↓+N↑↑ ∝ ∆G
G

beam target

N↑↓

number of events (high pT or open charm)
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high pT ↔ open charm

Araw = N↑↓−N↑↑

N↑↓+N↑↑ = PB PT f aLL
σPGF

σPGF +σbgd

∆G
G

+ Abgd

high pT pairs open-charm

PB beam polarization ≈ −0.8
PT target polarization ≈ 0.5
f dilution factor ≈ 0.4 for 6LiD target
aLL asymmetry of partonic process ~γ + ~g → q + q̄

≈ −0.4 −0.5 to 0.5
σPGF

σPGF +σbgd
fraction of photon-gluon fusion process

0.3 0.5(D∗) 0.1 (D0)
source of background Compton, resolved photon, .. combinatorial background
determination of bgd LEPTO/PYTHIA MC from D∗ (D0) mass spectrum

Abgd background asymmetry ≈ 0
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Results
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∆G/G via Open Charm

D∗+ → D0π+ → K−π+π+
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∆G/G via Open Charm
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∆G/G via Open Charm

D∗+ → D0π+ → K−π+π+
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∆G/G via Open Charm
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∆G/G from high pT Hadrons

qq→g*γ
qg→q*γ

q→q*γ

qq’→qq’
qg→qg
gg→gg

T
low p

qq→g*γ
qg→q*γ

q→q*γ

qq’→qq’
qg→qg
gg→gg

T
low p

R

0

0.1

0.2

0.3

QCDC

PGF

Leading

Figure 2: Relative ontributions R of the dominant PYTHIA proesses to the Monte Carlosample of high-pT events. Left: diret proesses; right: resolved-photon proesses.parton f  from a resolved photon. Realling that we use a deuteron target, A1 is theinlusive virtual-photon{deuteron asymmetry and �f=f (�f =f ) is the polarization ofquarks or gluons in the deuteron (photon). The ontributions of the leading and low-pTproesses annot be alulated in the same way, sine there is no hard sale allowing thefatorization of their asymmetries Aleading and Alow�pT (low transverse momentum, andQ2 < 1 (GeV=)2 events). However, the asymmetry for this kind of events is small asindiated by previous measurements of A1 at low Q2 [17℄. Moreover, the leading and low-pT proesses together aount for only 7% of the high-pT sample. For these two reasons,we negleted their ontributions.The fration of photon{gluon fusion events in the sample is of the order of 30%,see Fig. 2. The analyzing power âPGFLL is alulated using the leading-order expressions forthe polarized and unpolarized partoni ross-setions and the parton kinematis for eahPGF event in the high-pT Monte Carlo sample. In average, we obtain 
âPGFLL =D� = �0:93,so that the ontribution of PGF to the high-pT asymmetry is �0:29��G=G.The ontribution of QCD Compton events to the high-pT asymmetry is evaluatedfrom a parametrization of the virtual-photon{deuteron asymmetry A1 based on a �t tothe world data [2, 18℄. This asymmetry is alulated for eah event at the momentumfration xq of the quark, known in the simulation. The estimated ontribution of theQCD Compton sattering to the high-pT asymmetry is 0.006.The parton from a resolved photon interats either with a quark or a gluon from thenuleon. In the latter ase, the proess is sensitive to the gluon polarization �G=G. Theanalyzing powers âffLL are alulated in pQCD at leading order [19℄. The polarizations ofthe u, d and s quarks in the deuteron �f=f are alulated using the polarized partondistribution funtions from Ref. [20℄ (GRSV2000) and the unpolarized parton distributionfuntions from Ref. [21℄ (GRV98, also used as an input for PYTHIA), all at leading order.The polarizations of quarks and gluons in the virtual photon �f =f  are unknown be-6

Tune kinematic cuts to enhance γg → qq̄

use generator to determine contributions from background
processes
( PYTHIA for Q2 < 1 GeV2, LEPTO for Q2 > 1 GeV2)

Jörg Pretz Spin Physics with COMPASS



The COMPASS Experiment The Spin Structure of the Nucleon Results Summary & Outlook

∆G/G

gx-210 -110 1

 G
/G

∆

-1

-0.5

0

0.5

1

) 2=5 GeV2GRSV (Q
1

0
∫  1≈ G(x) dx ∆

)2 > 1 GeV2, Q
T

COMPASS (high p

Jörg Pretz Spin Physics with COMPASS



The COMPASS Experiment The Spin Structure of the Nucleon Results Summary & Outlook

∆G/G

gx-210 -110 1

 G
/G

∆

-1

-0.5

0

0.5

1

) 2=5 GeV2GRSV (Q
1

0
∫  1≈ G(x) dx ∆

)2 > 1 GeV2, Q
T

COMPASS (high p

)2 < 1 GeV2, Q
T

COMPASS (high p

Jörg Pretz Spin Physics with COMPASS



The COMPASS Experiment The Spin Structure of the Nucleon Results Summary & Outlook

∆G/G

gx-210 -110 1

 G
/G

∆

-1

-0.5

0

0.5

1

) 2=5 GeV2GRSV (Q
1

0
∫  1≈ G(x) dx ∆

)2 > 1 GeV2, Q
T

COMPASS (high p

)2 < 1 GeV2, Q
T

COMPASS (high p

COMPASS (open charm)

Jörg Pretz Spin Physics with COMPASS



The COMPASS Experiment The Spin Structure of the Nucleon Results Summary & Outlook

∆G/G

gx-210 -110 1

 G
/G

∆

-1

-0.5

0

0.5

1

) 2=5 GeV2GRSV (Q
1

0
∫  1≈ G(x) dx ∆

)2 > 1 GeV2, Q
T

COMPASS (high p

)2 < 1 GeV2, Q
T

COMPASS (high p

COMPASS (open charm)

)2HERMES (all Q

)2 > 1 GeV2SMC (Q

Jörg Pretz Spin Physics with COMPASS



The COMPASS Experiment The Spin Structure of the Nucleon Results Summary & Outlook

∆G/G
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Inclusive asymmetry Ad
1 ∝ ∆q
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Inclusive asymmetry Ad
1 ∝ ∆q
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Inclusive asymmetry Ad
1 ∝ ∆q

NLO QCD analysis with new COMPASS data on Ad
1 yields:

∆Σ = 0.30 ± 0.01(stat) ± 0.02(evol) for whole data set
error ≈ factor 2 larger without COMPASS data

QCD analysis allows also to determine ∆G
G

:
Fit to world data gives two solutions with similar χ2:∫ 1
0 ∆G (x) dx ≈ ±0.25 ± 0.1

Jörg Pretz Spin Physics with COMPASS
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Summary
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Summary & Outlook

COMPASS produced first results on ∆G
G

from 2002 - 2004
data

Several channels are followed to extract ∆G
G

hadrons with large pT ,
open charm

∆G (x ≈ 0.1) small

large values of ∆G =
∫ 1
0 ∆G (x)dx disfavored

2005: spectrometer upgrade (Target, RICH)

2006: resume data taking with muon beam
(deuteron for longitudinal, proton target for transverse
running)

2007 hadron beam

Jörg Pretz Spin Physics with COMPASS
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Spare
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Polarized Target

For 2006 new target magnet
SMC COMPASS

diameter/cm 26 60
acceptance/mrad

(from upstream end) ± 70 ± 180
acc. for 73 % 100 %

D0 → K− + π+

(160 GeV beam)

60

SMC Solenoid

26
.5

70 mrad

180 mrad

COMPASS Solenoid
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Polarization Build-up
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Transversity distributions

q(x), f = u, d , s, ū, d̄ , s̄ ,G (x) qN

∆q(x),∆G (x) (helicity)

∆Tq(x) (transversity)

∆Tq(x) as important as ∆q(x), less well known, because
more difficult to access.
∆Tq(x) accessible in single spin asymmetries on a
transversely polarized target

Asymmetries ∝ Σqe
2
q∆Tq(x) × analyzing power
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Results Transversity

Analyzing power is different for different processes and
sometimes even not very well known → important to try
different methods.
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Results Transversity

Analyzing power is different for different processes and
sometimes even not very well known → important to try
different methods.

Collins Asymmetry ∝ Σqe
2
q∆Tq(x) ∆0

TDh
q (z , |ph

T |)
2 hadron correlation ∝ Σqe

2
q∆Tq(x) H∠h

q (z ,Mh)

Λ - Polarization ∝ Σqe
2
q∆Tq(x) ∆DΛ

q (z)
Analyzing power does not depend on x!
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Results Transversity

Analyzing power is different for different processes and
sometimes even not very well known → important to try
different methods.

Collins Asymmetry ∝ Σqe
2
q∆Tq(x) ∆0

TDh
q (z , |ph

T |)
2 hadron correlation ∝ Σqe

2
q∆Tq(x) H∠h

q (z ,Mh)

Λ - Polarization ∝ Σqe
2
q∆Tq(x) ∆DΛ

q (z)
Analyzing power does not depend on x!
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Results Transversity

No sign of transversity observed

either ∆Tq(x) or ∆0
TDh

q ,H∠h
q small

cancellation between ∆Tu(x) and ∆Td(x)?
→֒ data on proton target needed

Jörg Pretz Spin Physics with COMPASS
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Spectroscopy

Search for pentaquark candidate Φ(1860) (was Ξ−−) in
µ + N → Ξ−− + X

Ξ−− → Ξ−π−

Ξ− → Λπ−

Λ → pπ−
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Spectroscopy

Assuming the same
Ξ(1869)−−/Ξ(1320)− as
NA49 COMPASS should
have observed ≈ 400
Ξ(1869)−−

Negative signal (< 80 at
99% CL)
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Open charm: Kinematic Distributions

Comparison data vs. MC
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Semiinclusive Asymmetries

Bj
x10

-2
10

-1

   
 

h
+

1,
d

A

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

SMC (92,94,95) 

COMPASS(02,03) 

preliminary

Bj
x10

-2
10

-1

   
 

h
-

1,
d

A

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

SMC (92,94,95) 

COMPASS(02,03) 

preliminary

used to extravt ∆qv and ∆q̄.
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