COMPASS
experiment

i L - i, T P Y E D : e

uki Miyachi, Yamagata Universit
on behalf of the COMPASS Collaboration




(ﬂ, Contents

« COMPASS |

- COMPASS Experiment
- Longitudinal spin structure of the proton
- Transverse spin structure of the proton: TMD

« COMPASS Il

— Drell-Yan Program
- GPD Program

o Summary

August Ist, 2013 Phxsics ProsBects with Detector and Accelerator UBgrades 2



(ﬁ, COMPASS Spectrometer

two stage spectrometer Configuration v
« Large Angle Spectrometer (SM1) in Muon program
« Small Angle Spectrometer (SM2)
tracking, calorimetry, PID
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(ﬂ,COMPASS polarized target

- 6l Year = Material | Polarization
Material: LiD NH,

Polarization: ~50% ~90%/| 2002

Dilution factor: ~0.15 2003 LT
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refrigerator (T~50mK) Sl 2006 5
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Solenoid (2.5 T Dipole (0.5 T) 2007 3 LT
\

hadron program

2010 T
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2011 3 L
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\ CEIIS / Y 2002—2004
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Spin flip: Field rotation & DNP g: > 2006
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(/2 COMPASS I: 2002~2011, p-program

Polarized DIS & SIDIS

Year | Material | Polarization Spln Structure funCtiOn' g
" I
2002 SIDIS asymmetry: A "
2003 L, T .
ooa | sLib SSA with T-pol. Target
2006 L
2007 | NH, LT Hard exclusive p° production
hadron program Au‘ri A|_T
2010 T
NH,
2011 L Unpol. SIDIS
Hadron multiplicity

Azimuthal amplitudes
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TMDs in COMPASS
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(/3 SIDIS with T-pol. target

Parton
U L
Year | Material | Polarization U Density Boer-Mulders
- Mulders-
Glelicity Kotzinian
2002 T S W G Transversity
2003 L, T VErS orm-=ear Pretzelosity
2004 | SLiD Target I —
with pol. beam
2006 L
2007 NH, L, T
hadron program
2010 T
NH,
2011
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W,Azimuthal angles in SIDIS
[+ N=>1"+h+X
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(/5 Azimuthal amplitudes in SID|

[+ N=>I1"+h+X
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%TMD in SIDIS with pol. beam
o ‘ ‘ > é
- ¥
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(/2 TMD related publication from

Other azimuthal asymmetries:
PLB 713 (2012) 10

h-pair: PLB 713 (2012) 10

A A T, K

siv? coll”

PLB 673 (2009) 127-135

A_,A_ :h*- PLB 692 (2010) 240-246

Year Material | Polarizatio

2002

2003 ®_/

2004 SLiD ANY

2006 L )

2007 NH, L@);dN

hadron program

2010 T
NH3

2011

A..:h* PLB 717 (2012) 383
A :h* PLB 717 (2012) 376
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(ﬂ, Sivers asymmetry

YAMAGATA UNIVERSITY:

COMPASS positive pions x<0.032 preliminary
COMPASS positive pions x>0.032 preliminary —
HERMES =* PRL 103 (2009) {)

4 A L

5: Vv

-q: 0.1

Oe

as for h+, smaller values measured by COMPASS;

005 .. . same Indication for K+
~ ,_;.,-: CDM FASS nega[wc pions x<0.03Z preliminary
< 0.1} . COMPASS negative pionsx>0.032 preliminary —
0 HERMES = PRL 103 (2009)
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(ﬁ, Collins asymmetry

combined 2007 — 2010 results

3 01— — #&  positive pions —
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(ﬂ, Collins asymmetry

YAMAGATA UNIVERSITY:

Y

gqu 0.1- COMPASS positive pions x<0.032 preliminary
] COMPASS positive pions x>0.032 preliminary
0.05 o] HERMES = PLB 693 (2010) rescaled by (1-<y>)/{(1-<y>+<y>?)
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(ﬁ, Extraction of transversity

M. Anselmino et al., arXiv:1303.3822 |

HERMES, ( |
COMPASS sin (¢ +¢5) 1
AUT h lT® Hl
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Y J A ‘T—
= 02 F q2241 GeV?
£ 04}
oo :
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ol
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g 01 F
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S

COMPASS |

2012 ~ 2016
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(/5 SIDIS and Drell-Yan
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(/3 Chiral-odd TMD in SIDIS and Drell-Yan

‘Azimuthal amplitudesl (Single T-pol. DY)

2
2 S !( ¢ .- \
— Eﬂl Jrrs | l -+ D[g;n 241 A ¢ COS CF -+ Drﬂ..,z al S CDS ¢ COS 2(_-":' ,

do L) ﬂigm 2 2 cos 2¢
Tig a0 — F 50U { (l + Digin2g) Ay ' COS 2”)
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\In LO QCD parton modell
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(/5 TMDs in COMPASS Il (DY)

T +p dwru + X«
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'TMDs in COMPASS-DY | o A% (BM). ® (BM),

© A% (f). ®(Sivers),

o ASH) - (BM) @ (Pretz)),

o A7) (BM)_ ® (Trans.),

—fi5 (SIDIS)
= —hy (SIDIS)

1
‘Sign of naive T-odd TMD| flI (DY)
b (DY)
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(/2 COMPASS II: Drell-Yan set-up

- 160 GeV 117, ~ 108 particles/s
» T-pol. NH, in the frozen spin mode

has to be moved upstream, by 2.2 m.
- hadron absorber in the gap
- New SciFi trackers: beam telescope & vertex
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(ﬁ, Hadron absorber

YAMAGATA UNIVERSITY:

+ SPS. no CNGS in 2014

. .33, t

 mtiats — _ Structure of the hadron absorber:
« Beam, max intensity Tungsten - max @ 9.5 cm

T st s, s, atmtne dplie 300 » 120 cm tungsten beam plug
Aluminum cone Sl . f

MMO1 » aluminium conical pal’t

25cm
downstream last

alumina layer . 200 cm alumina {AIEOS]

Space for
vertex detector

Stainless Steel » non-magnetic stainless steel
peripheral part

Aluminum or ss
box cover

alumina

o

3
—
e

Z (em)
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(ﬁ,COMPASS I: Pol. Target for DY

YAMAGATA UNIVERSITY:

| 3He — “He Dilution
refrigerator (T~50mK

superconductive
Solenoid (2.5 T Dlpole (

Fo

V/M,qé [ S

5

|
— |

2 x 50 cm cells, with 20 cm space.

L
o
AR
1

> New target cell, y-wave guide & cabity

August 1st, 2013 Physics Prospects with Detector and Accelerator Upgrades 28




(ﬂ,COMPASS II: DY acceptance

M. Anselmino et al., .
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(/2 COMPASS II: DY test run in 2009

COMPASS DY test run 2009
ABSORBER o 80of-
S E M>2.5GeV
il Staml%ss stlefl L 700 g
o ol | 600}
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(ﬁ,COMPASS II: Drell-Yan program

Sivers A;*  Boer - Mulders
“—t \ 2 years of data taking
. DY 4.-9. GeV/c
L s :_ ’ ‘x
of L
sadpecenins f s e
B SHTSFRTFSSFRSNISITE
X, K,
:.imﬁnﬂi;l rh%i:-usl
BM ® pretzelosity f BM @ transversity
it .
" 1 year beam time
kH ﬂ lH (2014 — 2015)
& A

X ==

R Rk
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(ﬂ,List of pol. Drell-Yan programs

Facility Type s (GeV?) | Timeline
COMPASS fixed target | w=pT 357 2014

RHIC (STAR,PHENIX) collider | pTp 2004 > 2016
Fermilab (SeaQuest) fixed target | p™=H, pH™= 234 > 2015
J-PARC fixed target | pp', wp! 60 — 100 | > 2018
Fair (PAX) collider | p'pT 200 > 2018
NICA collider | pTtp™, dTdT 144, 676 | > 2018
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PR} o R T

(1y beam time)

 Polarized Drell-Yan measurement
TMD PDFs - beam with polarized proton target

» GPD measurement U+ - beam with liquid hydrogen target

Transverse imaging 2016 — 2017

» Pion and Kaon polarizability L {2ybeam time)
m, K (u? beam with nucleus

Chiral perturbation theory iage

With a upgraded COMPASS spectrometer
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@, Hard exclusive production & GPD

Elastic scattering Deep Inelastic §cattering

L,

q

’ o~
Form Factor: F(t), G(t) ’ Parton distribution: q(x), Aq(x)
1
‘\fl dx

Hard Exclusive Production:

e-I—N—»e’-I—N’-I—{y, D, 1T}

Generalized Parton Distribution:

August Ist, 2013 Physics Prospects with Detector and Accelerator Upgrades 34




%Hard Exclusive Production and GPD

Deeply Virtual Compton Scattering:

e+N—-oe'+N'+y

~

Involved GPDs: H, E, H
clean reaction

Hard exclusive meson production:

etN—e'+N'+|p, 1,..| q

vector meson: H, E
pseudo-scalar meson: H , E
Meson amplitude involved
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(ﬂ, Exclusive p° production: COMPASS |

Year Material | Polarization

)
2002 \EL

2004 | SLiD sin (gb — s )
2006 L UT
oo | W, | T - E% and B¢

hadron program

N

2010 | (T ) —

T
5 —
2011 L

NPB 865 (2012) 1

August Ist, 2013 Physics Prospects with Detector and Accelerator Upgrades 36




(ﬁ, Exclusive p® production: NPB 865 (2012) 1

T u+N-=>u'+ X
& 15000 NH,
= : Mz) RN, >4
) L L
S 10000 - = j —
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(ﬁ,SSA in exclusive p° production

0.2 ; NPB 865 (2012) 1]

%‘3-:
s = I [ I
L : :
o — bt it {
-0.1 : — S.V. Go-loskokov and P. Kroll,
B [ EPJ C59(2009)809 7
S 3 I T I [
§ : 0'1 B [ { -
-qc - 5 5
i I }T ¢ : { - { Z I } T T
0 - L — i l p I 1
L i » i
-0.1F - B -
ek | e | et
. Ll Lol Lol I I R R T A A R AR TR N TR SRR SR NN N
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»

30000

20000

events/0.5 GeV

10000

-10

-3

5 ~ 40% background
from SIDIS

O 5 10 15 20
E_.. . [GeV]
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(/5 COMPASS II: GPD setup

YAMAGATA UNIVERSITY:

LP> W P Y
Replace the pol. target
/ P P g

2.5m LH2 target
+ 4m RPD (called CAMERA)

sl

<X
™ 3

3
Detect recoiled p | + ECALO before SM1
(for higher acceptance in large X;)

"ECAL2

__ECAL1 upgrade

.

T
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(ﬂ, DVCS vs Bethe-Heitler

@HERMES, JLab

Bethe-Heitler (BH)

4
d o rpe’

— 2
dQ?depdtde 32(‘2W)4Q4\/1 + €2 Tep—sepy|”

|7-Ep—:*t“.p"]r“|2 — ‘7-BH‘2 + ‘EVCS'E —|—I,

’ # e e
7T ="TeuTpves + TovesTey-
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%Azimuthal angles in DVCS

%
o
QQ
A&
,{@
5
S

\0(\ o
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(‘ﬂ, DVCS cross Section4 Unpol. target

Tsu|? + [Toves|® + Z.

Azimuthal angle dependence
—

2 I{BH BH . = BH .
'TBH|" = Pr(0)Pa(9) (CD + g i Cc;b(no)).

Beam Charge

Beam helicity
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(/2 COMPASS Il : DVCS kinematics

Bethe-Heitler e

expected nb of events

0.005 < xg; < 0.01

)

Q* (GeV

[ == |BH+DVCSF
[ == |BHF

_ &

2
—

= = |OVCSF
e Irterference

Ol e e e .
Tiveeag by

-

-150 1000 -50 0 50 100 150

o (deg)
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(/2 COMPASS II: GPD 2012 “short” RUN




(/5 CAMERA study: with exclusive p°

NPB865(2012)1
Z 30000
&
"‘?‘3: 20000 -
= i
> L
10000 - = 0.3 < p; <0.5GeV/c?
‘ 1uu:— _ o
% 5 0 5 10 15 20 - without
Emiss [GEV] 80 —_ CAM E RA
6o
with
CAMERA
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(/2 COMPASS II: DVCS analysis

(1) The beam charge & spin sum of cross sections

Scsy =do™ +do~ =2(do”" +dol ° + e, BIm I),

(2) The beam charge & spin difference of cross sections

Desy =do™ —do— = 2(P,do2V %5 + e, Re I)

=
i

(3) The beam charge & spin asymmetry of cross sections

+ —
o dJ{_ — dﬂ_} o D,.jg__[;

AC’.S‘_,U

do— +de—  Sosv
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(ACOMPASS II: GPD, expected asymmetry

© o o
o — (%] [N

=
—h

Beam Charge and Spin Asymmetry

o
ra

Sk

2016 - 2017

E,=160 GeV

-

mmmmmmmemm e T

1<SQ*<4GeV?  0.03<x,<0.07

VGG Reggeized (x,t)-correlation
VGG Factorized (x,t)-dependence

Mueller fit on world data
=== = (with JLab Hall A)
= (Without JLab Hall A)
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4M?
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(ﬂ,Summary

« COMPASS I: 2002 ~ 2011

- Longitudinal & Transverse spin structure of the proton

- GPD with exclusive po production

« COMPASS Il
— Drell-Yan Program: 2014 — 2015

« Target modification, Hadron absorber, new SciFi detector
e Pol DY for the first time
* Sign change of T-odd TMDs in SIDIS & DY

- GPD Program: 2012, 2016 — 2017
« CAMERA was installed and tested in 2001
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