COMPASS Recent Results
and Future Physics

COMPASS at CERN: Overview
Pion Polarisability

Spectroscopy: Resonance Production and S-wave in
1 (190GeV) +p » ™+~ +7F + Precoir

Nucleon Helicity Structure

Generalized Parton Distributions from Exclusive p-nucleon Scattering

Transverse Spin Physics in SIDIS and Drell-Yan processes.

see Takahiro Iwata’s and
Wen-Chen Chang’s talks tomorrow.

Future Physics with RF separated Kaon and Anti-Proton Beams:
o Meson Structure
0 Spectroscopy: Hadrons with Strangeness

9th Workshop on Hadron Physics in China and Opportunities Worldwide
July-24-2017 for the COMPASS Collaboration, Matthias Grosse Perdekamp, UIUC 1
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Physics Progr:
Hadron Spectroscopy (p-, n-, K-beams) E
« Light mesons, glue-balls, exotic mesons |
» Polarisability of the pion and kaon ;
Nucleon Structure (u-beam in DIS and SIDS and DY with n-beams )
« Longitudinal spin structure
« Transverse momentum and transverse spin structure
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COMPASS - Important Instrumentation Features

1.Muon, electron or hadron secondary
beams with momenta from 20 to 250
GeV and intensities up to 108 particles
per second.

Two staged large acceptance spectrometers
with high rate capability:
@ Large Angle Spectrometer (LAS) _ _
2. Solid state polarised targets,

@ Small Angle Spectrometer (SAS) NH, or 6LiD, as well as liquid hydro-

gen target and nuclear targets.
1] mqqer'-hodoscopes

3.Powerful tracking system
— 350 planes.

4. Versatile PID — RICH, Muon
Walls, Calorimeters.

SM2 dipole

RICH_1 HCALL gt - . Gem_11

Veto

2 s,Sa\'ﬂ,DCs,s?rows 30

SciFi Micromegas,DC, SciFi RHIC based hadron ID
4 | | | |
20 10 20 30 40
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Important Instrumentation

3He — “He dilution refrigerator (T~50mK)
Solenoid 2.5T

i Dipole magnet 0.6T
1000 mm

3 [
W T prueml P—

pLammi
!

Features — Polarised Target

Vertex distribution for SIDIS

COMPASS 2007 transverse proton data (part)

-50 o] 50

< vix (Cm)

=]

Opposite polarization in
different target segments
reversed frequently

d (°LiD) p (NH,)
Polarization 50% 90%
Dilution factor 40% 16%
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Versatile Apparatus - Expertise from Leading
Instrumentation Groups in Europe and CERN

COMPASS-|
1997-2012

COMPASS-II [ERSEEE i~y SR
2012'20 18 : o, | AR V6 e e CAMERA récoil proton detector
’ N R ¢ 5 ) & e IS surroundmg the 2.5m long
T g : LH2 target

j DVCS n p—) nopy

Polarised Drell-Yan DVCS (GPDs) & unpolarlsed SIDIS
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COMPASS I+]l Data Sets

analyzed in 104 Ph.D. Theses

http://wwwcompass.cern.ch/compass/publications/theses

2002 Nucleon structure with 160 GeV p L&T polarised deuteron target
2003 Nucleon structure with 160 GeV L&T polarised deuteron target
2004 Nucleon structure with 160 GeV L&T polarised deuteron target
2005 CERN accelerators shut down

2006 Nucleon structure with 160 GeV L polarised deuteron target m
2007 Nucleon structure with 160 GeV L&T polarised proton target
2008 Hadron spectroscopy

2009 Hadron spectroscopy

2010 Nucleon structure with 160 GeV p T polarised proton target
2011 Nucleon structure with 190 GeV L polarised proton target
2012 Primakoff & DVCS/ SIDIS test

2013 CERN accelerators shut down

2014 Test beam Drell-Yan process with 1 beam and T polarised proton target
2015 Drell-Yan process with 11 beam and T polarised proton target

2016 DVCS / SIDIS with y beam and unpolarised proton target

2017 DVCS / SIDIS with y beam and unpolarised proton target

2018 Drell-Yan process with = beam and T polarised proton target

July-24-2017
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Structure from Chiral Perturbation Theory/QCD

based on slides from Jan
Friedrich and Stefan Huber
P at TU Munich

@ @

pion polarisabilities acx, B~ in units of 10~* fm?

A A

|

size of the pion ~ 1fm?® [cf. atoms: polarisability ~ size ~ 1 A°]

Theory: ChPT (2-loop) prediction:
ar+ 63 = 016+0.1

experiments for ar — 3, lieintherange 4... 14

(axr + Br = 0 assumed)
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T+ Ni—>m+y+Ni

@ Identify exclusive reactions
TTY {Ni—Ni’*}— T

at smallest momentum transfer < 0.001 GeV?/¢c? A
(AZ) (A2)

@ Assuming a, + 3, = 0, from the cross-section

R — U(X*r) _ NmeaS(X*r) _

T o =0 (X'r) - Nsim(x'r)

is derived, depending on Xy = E.(jab)/ EBeam-
Measuring R the polarisability ., can be concluded.

@ Control systematics by
JL7Y {Ni—Nir }y— LY
and
K™ — 7 7° — wyy
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Results for Pion Polarisability from
m+ Ni - 7+ y + Ni' in COMPASS

pion beam

ar = (2.0 + 0.6ga) x 107*fm?

(assuming a,; = —f3:)

“false polarisability” from muon data:

(0.5 & 0.5ga ) x 107*fm°

Phys. Rev. Lett. 114, 062002 (2015)

July-24-2017
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Pion Polarisability: COMPASS Results
vs World Data and yPT Prediction

@ COMPASS result:
ar = (2.0 4 0.6g1 & 0.7y6r) x 104 m°

@ Assumption: a, = — [,

@ |n tension with previous measurements
® Measurement in agreement with yPT prediction
@ Most precise determination of =~ -polarizability

world avg: (7.1 + 1.5) 10 fin’
x]
—— Serpukhov  3.14
—= PACHRA 0.94
—— MAMI 1.78
COMPASS 2.77
8.63
/\‘H (CL=0.03)
Vo
\
Y
II
| G-IS‘II"QIDI[]&:| ] ] | ] | |
UIIIIH]IIIIZCI IISOIIII‘!OIIIIEDIIIIEEIIIIITOI
- B [10% ]

GIS'06: ChPT prediction, Gasser, Ilvanov, Sainio, NPB745 (2006)
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Meson Spectroscopy: Resonance Production in
n (190 GeV)+p »n~ +1~ +7F + Pyrocoir

based on slides from Franco
Bradamante, INFN Trieste and
Jan Friedrich, TU Munich

S=01; J=0[+5 P=(-1tL c=(—ntts

forbidden (exotic QN’s) §1+ LA ng

JPC=o 0t 1t 2t 3 L 00

more states in QCD:
hybrids |ggg) , glueballs |gg), multiquark states |q2c72>

T[beam

Diffractive dissociation:

Target Recoil
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Events/(5 MeV/c?)

Meson Spectroscopy: Resonance Production in
1= (190 GeV)+p >~ +1~ +7F + Dyocoir

Data Sample with 96-10¢ events

e
n

-+ >
N 2
x10° > Im_ - 1.6721 <0.130 (GeV/c?) ianggasant: v
a,(1320) COMPASS 2008 S = P EERD
— + N
0.6 mp — :”: Tp . 5 0.1 GeV¥et <t < 1.0 GeVie?
0.1GeVi/c*<t'<1.0 C;tev /c v;:‘ wio acceptance correction
0.5 a,(1260) wio acceptance correction %25
= .
2 T, mass-region
0.4 4P

2
xR

,(1670) =
03 g
= 1.5
=
0.2 E 9
Z prelimin:
0.1 t
OU 1 1 1 1 1 1 1 2 1 1 1 1 3 1 1 1 1 4 1 1 1 5 L L 6 >

IIIIIIYII 3R | T TT IYIIITIIIITIII

Massof‘,‘t_ﬂ_ﬂ"System(Gercz) 0|:|||||| S R R
0.5 1 15 2 25 > o

Squared Mass (m’_) of the 7" System

=)

LumMrany
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Partial Wave Analysis in 100 Bins in mg_and 11
Bins in Four Momentum Transfer t

n-beam

* |sobar model:

Target

X decay is chain of
successive two-body decays

*Analysis:
 Partial Wave Analysis (PWA) in mass bins with up to 88 waves

« fit of spin-density matrix for major waves with Breit-Wigner

July-24-2017 COMPASS Recent Results and Future Physics 14



7T 7T 71 invariant mass spectrum

Known Waves in Good Agreement with PDG

x10°
= - a,(1320) COMPASS 2008
= 06— Tp—2TaTp
= - 0.1 GeV3et <t < 1.0 Gev?ie
w i fh g -]
¥ U.ﬁ_— a,(1260) win acceplance correction
£ -
o -
= -
= sl
F T1670)
03—
0.2k
01
n'...l....l....l......
0 1 2 3 4 5 6

T 02k IR S . COMPASS 2008
- E : s Tp—wATp
= 0.18F o o D1GEVHE <t < 10 Geviict
2 016F . o
2 0.14F *
b 3
= E
8 p1zE . .
(Fl== *
.08 . '.
006 ] .
0.04F ; .y,
002 - RN
u:.l...I...I...|'.....I...I...I...I...I.
0o 08 1 1.2 1.4 1.6 1.8 2 22 24
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Mass of 7" &° " System (GeVich)

2= 0" [£,7]S: m,(1670)

Mass of 7 7 & Svstem (GeV/ich

Events /(20 MeVic)

Events /(20 MeV/c)

17707 [prt]S : a,(1260)

m"‘—m&
“Erotpms - COMPASS 2008
C C Tp = ATRp
“'E':_ : " 0.1 GeVHe® < t' < 1.0 Gev¥ic?
“.l‘:_ - .-
N4 . '
03 .
L'!.ZZ— K .'
0.1 N .
[ E ] -"*‘.I pa v by by |M ol L
06 08 1 12 14 16 1.8 2 22 24
Mass of T %" System (GeV/ic®)
27717 [pmt]D : a,(1320)
%10
2" ps . COMPASS 2008
0.5 27 'pe D ) T D
C . 0.1 GeViel < ¢ < 1.0 Gev'ic?
n4
0.3
; =
f].?f_—
01 S
) boted L T e Sy " '

(L6 0.8 1 1.2 1.4 Il.{’z 1.8 2 22 24
Mass of © © 7* Svstem (GeVich)
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Observation of Axial-Vector Meson a,(1420)

. - x10°
v e g
1 > 0 | 0.1<7<1.0(GeV/cy
PRL 115 (2015) 082001 = st I 1y Modebicorve
g i .w | () a,(1420) resonance
3w data sample :/ ‘il +* (3) Non-resonant term
~ 50-108 exclusive events factor 10 to 2 151 [ Y
100 compared to previous g I (2)| "
experiment E 100 [\
L f‘ ?
- “ “ ‘.“f’
I I \\
I PN el L
* Long paper published: |5 e e PR EESRN ri Bil PI
1 12 14 16 1.8 2 22
Resonance Production and S-wave in m,, [GeV/c?]

7= (190 GeV) +p » w~ +1~ +7F + Procoil
PRD 95 (2017) 032004

July-24-2017 COMPASS Recent Results and Future Physics



Polarised DIS of muons off proton and deuteron targets:
Obtain g,P(x) and g,4%(x) and Parton Helicity Distributions

COMPASS fit to g,(x) world data vs
COMPASS data for g,P(x) and g,9(x)

= COMPASS NLO fit to o i COMPASS NLO fit to
1.2 e g, world data - . g, world data

COMPASS 160 GeV

1 = COMPASS 160/200 GeV 0.2

107 107 1
X

COMPASS, PLB 753 (2016) 18
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' Polarised DIS of muons off proton and deuteron targets:

COMPASS fit to g,(x) world data:
returns xAu(x) and x4d(x) with small uncertainties

July-24-2017

Obtain g,P(x) and g,4%(x) and Parton Helicity Distributions

Value range at Q> = 3(GeV/c)?

< First moment
o 0
b AY
w0 Au+ Aii

- Ad +Ad
-0.05¢ As+As

[ 026, 0.36]
[ 082, 085]
[ 045, -042]
[ -0.11, —-0.08 ]

0.1}

0.15}

10° 1072 107" 1
X

COMPASS, PLB 753 (2016) 18
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Bjorken Sum Rule (%) = [ (0% = L[ £]c(0?
0 8V

I =0.18140.008 (stat.) £0.014 (syst.)

2501 @ COMPASSData 1 -
x L —— NS fit (measured range) )J gTS dX g é
0.08_— ------ NS fit (unmeasured range) mi - %éé é
B 0.15— é #
0.061 B o
- o1 Bjorken Sum Rule *
0.04r - verified to 9% é@
0.02~ 0.05_ ¢
L \ i [
E— [ ' i e
0 ! Lol I Lol ! ! \Illli Ol L R ! | L e
107 102 10" 107 102 10" 1
X Xmin
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GPDs and TMDs: Towards a 3D
Picture of the Nucleon

with slides from
Andrea Ferrero, Saclay

Form Factors (t) Wigner
~Distributions

Fourier transform (br)
& f GPDS(X, t) ... dx

()
DVCSat  GPDS (x,br) 4 ¥y MDsewD
COMPASS N I-_ SIDIS + Drell-
a8 © 2% Yan at COMPASS
X PDF's (x) oy
W N
| GPDs(x,br) ... dbr | TMDs(x k) ... dker o
{nucleon"tomography"
PDFs — AZ, AG TMDs, GPDs —
a8
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Y
N \',
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Target TOF System
24 inner & outer scintillators
1 GHz SADC readout

N

Main new equipments

ECALO Calorimeter
Shashlyk modules + MAPD readout
~ 2 X 2m2, ~2200 ch.

3

|
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Introduction to GPDs

"GPDs are non-perturbative
objects entering the description of

hard exclusive electroproduction"

(X+E)P (x-&)P
They encode CORRELATIONS between the
long. mom. X and the transv. position b H E
of partons P B
- p
m
Experimentally accessible through Definition of variables:
x: average long. momentum - NOT ACCESSIBLE
Compton Form Factors (CFFs): £+ long. mom. difference = x,/(2 — Xg)
t: four-momentum transfer
Im}f(f, t) = H(X = f, g, t) related to b, via Fourier transform
dxH(x,x,t)
ReH (&, 1) = + Dterm
(x—=%)
£ L[ drAL AL ] A2 Related to impact parameter
¢ (x,b1) = 272 ¢ H(z,0,—A%) dependent quark distributions
(2m)?
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Transverse Nucleon Imaging at COMPASS
Beam Charge and Spin SUM:

Scsu = do(u™) +do(u™) « doB! + doDVeS, + Ksisin ¢

unpo

Integration over ¢ and BH subtraction » da”V*®/dt ~ exp(—B|t|)

singlet pion valence

quarks. gluons / cloud / quarks
A ( - -

A= ,_,fﬂ,'i’ -

J<r) > £ ‘-F

1. ? | .__" TR
065+002 fm [ |
> \ e
_H1 PLB659(2008) | L
i COMPASS x=0.01 x~0.1 x~0.3

O T T T 1
SRV RN () > ~ 2B(xp)
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 Transverse Nucleon Imaging at COMPASS
Beam Charge and Spin SUM:

Scsy = do(ut ) + da(u™) o« doPH + doPVS, + Ks!'tsin ¢

unpol

Integration over ¢ and BH subtraction » da?V®® /dt ~ exp(—B|t|)

8

PO * 2 X 6 months of data
< s S C— in 2016-2017
S T
4 i— -------------- o =026 2'5 m LHZ targEt
L = ZEUS <Q >—3'>Gev
L * HI-HERA I r:Q > —4Ge\f '\ global 1OA3
2= « HI-HERATI <Q’> =8 GeV’
B « COMPASS <Q’> =2GeV’
0 280 days at 160 GeV \
- ¢ o o o
L with ECALO+1+2 Ansatz at small xg:
i | 1 | I 11 II| | 1 1 | II| 1 | 1 11 II| | B(XB) : BD + za’ln(XU/XB)
107! 107 10~ 107 Xg

expected statistical and systematic uncertainties are shown
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| Results from 4 Week Test Run in 2012

Beam Charge and Spin SUM:

Scsu = do(u™ ) + do(u) o< doBH + daPVCS, + Ks"t sin ¢

unpol

Integration over ¢ and BH subtraction —» da”V*>/dt ~ exp(—B|t|)

- 8
A L
g I {
{::EI L e R
= 6 4
=2 T “ T =035
4 “ ““““““““““““ o =026
ZEUS <Ql> =32GeV
- r HIHERAT <Q > =4GeV,
= + HI-HERATI <Q’ > =8GeV’
L ]
- « COMPASS <Q’> =2GeV’ + 4 WeEkS N 2012
0= 280 days at 160 GeV
2.5 m LH, target
2
|||| | | ||||||| 1 | |||||||
107! 107 107 107 Xg

2016 analysis and 2017 data taking_ are Underway
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103

10

Q? (GeV?)

10

July-24-2017

Kinematic Coverage: HERA,
HERMES vs COMPASS

JLAB,

L] L] | FiL B¢ B ] T L) T 1] L A R | ' ) L] L] L] T LB LS I L] 1
Current DVCS data at colliders:
--O ZEUS- total xsec 0 Hi- total xsec -

- ® ZEUS-do/dt W H1- doddt
- m H1-ACU

[ Current DVCS data at fixed targets:

" A HERMES-AU A HERMES-Acu
. A HERMES-A Ayl Al
A HERMES-A,r » HallA-CFFs
¥ CLAS-A ¥ CLAS-Ay

- Planned DVCS at fixed targ.:
(55 COMPASS- doldt, Acsis Acst
- i JLAB12- doldt, Ay, Ay, Ay

T

T

'll'1‘l

T

- .
‘ ’
” .
’ -
- .
+ ”
lllllll 1 L lllllll L

}—
-

1 llllljl L 1 lllllll 1 L llJllll

L

10 10° 10 10
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SIDIS:

cos(2adp) 1q 1h
ACS208) o 19 g ik

sin(@p—9s) 1q h
Aut < fir ®Diq

sin(¢op+os) q Lh
AUT oc hl ® qu

4 4

y*

h
P PDF - S, SO o

—_— X

SIDIS: PDF @ FF

See Takahiro Iwata’s
talk Tuesday 15.00

cos(2¢¢s)
Auu

Asin{gﬁs}

Asi"@fi‘cs—fi's}

TMDs In SIDIS and DY

DY:

1q 1q
o< hl,:rr ® hl_p Boer-Mulders

T oc flqﬂ ® fllT? ) Sivers

1lq q .
oc hl,:rr ® hl,p Transversity

Yos X

T uwwwiw\<{_
| Y
I —— ¢ r
DY: PDF ® PDF

See Wen-Chen Chang’s
talk Tuesday 14.30
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Kinematic Coverage: SIDIS vs Drell-Yan

The phase space for Drell-Yan and SIDIS
processes partially overlap in the x-Q? plane

L
>
o D10t QZ vs. X at COMPASS
o —~— -
= 700 : - 2 ;
& [ Drell-Yan @ COMPASS (MC) g E Drell-Yan (MC) ;
‘“g 605_ SIDIS @ COMPASS (2010 proton data) —10.7
T . 0.6
a0 PR —0.5
= T 10 = SIDIS (2010 proton data) “
30 - - —0.4
20f- - e
10— ——
'_._:—.—1
0 I_l_l_a_'_lp_._._’_._l'_.l_: Ll I |

—
(=]
[
=
=
S

——

=

—

—

] 4 a 1 11 lll
103 102 10"

X

In the region of overlap in x, the average Q? in
Drell-Yan is about two times larger compared to SIDIS
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SIDIS Collins Asymmetries for
Pions on Proton Targets

=02 ,@W& o1 I
8 I | | S0.1F L
< | o r deuteron __/'? ~$ | ox proton { COMPASS
0.F o’ 0.05- ¢ . /S -
% NPB765 2007 s ¢ \
Ugfﬁ%ﬁﬂ%% PLB673 2009 oo s - g 25 9 _______________ e
0.1k + —0.05- i {) ¥ (},
L - ' PLB693 2010
Ea:u x So gl oK’ PLB744 2015
o =T e K
0.2F ! t { ‘L
[}.___ - [ AP NN S N SR ——
o hgwuy} ....... %‘%ié ¥ i% %
ol i% o i

-2 -l 1072 107
10 10 X .

See Takahiro Iwata’s talk Tuesday 15.00
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Errors In SIDIS measurements
dominate. Uncertainties for d-quark
Transversity will benefit from proposed
additional COMPSS data taking with
°LiD targets.

P93 (2016) 1, 014009

Recent Data Sets

Favored and unfavored
Collins FF

up and down
transversity distributions

2
Ql=24Ge\
—Q3=10GeV’

— — .Q*=1000 GeV*

0 0.2 04 0.6 0.8 1
X
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Using TMD Evolution anc
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o --~i 1 L

== Transversity and the Tensor Charge Extracted
- Using TMD Evolution and Recent Data Sets

Z.-B. Kang., A. Prokudin, P. Sun, F. Yuan - Phys.Rev. D93 (2016) 1, 014009

up and down contributions to

tensor charae
N-P'ﬁ‘: II'. |II N'?"‘: III - .
wp || wol | Integrals in data region
tof—— e [0.0065.0.35] +0.04
\/ \/ our 7 = +0.30 ¢ 7
= = 0.0065,0.35 0.12
130 130 5(2[ ).0065,0.35] _ _0.201—0].07
CTBTeI 53 01 53 05 07 0TI eI T s o o3 Integrals in [0,1]
611[0_0065,0.35] 6 d[D.OOﬁS,OSS] _
oul®Y = 40.3915-97
0,1 ).14
6d" Y = —0.227 05

Evolution has significant effect

Need higher precision SIDIS data: COMPASS SLiD, Jlab 12 GeV
Need to extend data range to high and low x
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Constraining the k-dependence of PDFs
and p;-dependence of FFs using the p,, 1
dependence of hadron multiplicities In
unpolarised SIDIS as input to TMD global
data analyses.

July-24-2017 COMPASS Recent Results and Future Physics
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Transverse Momentum Dependence
In the Unpolarised Cross Section

* The cross-section dependence on transverse hadron
momentum, P, results from:

* intrinsic k, of the quarks .

- p, generated in the quark fragmentation o

'-.-.-\IJJ_,l

P

* A Gaussian ansatz for k; and p, leads to
+ (Phr) = Z2(k1) + (p?)

JST proton

» The azimuthal modulations in the unpolarized cross-sections
originate from:

* Intrinsic k, of the quarks
 The Boer-Mulders PDF
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Hadron Multiplicities
vs X,Q%4, zand p, ¢

Ql (f}'eV/C)Z ] COMPASS Preliminary
81 1
0.2<z<0.3 '\ N\

.n; o \;;" ‘Q‘-".!;

- h H’
16 | . c‘-“/MDZ.___—____.‘_

AN AN M (2,7, P 07) 5" /dxdQ2dzd? By

o X, Z, CpT; = 2 DIS 2
7 1 o "My P d 0} /dde
J 10 M/MDE
1 ‘3\ \ \ . 2006 5LiD data, COMPASS preliminary at Spin 2014
] S \ Total: 4918 data points

1 ¢ ‘ — ‘ PAGevrc)]

0 20 20 20 2 . . . . 2

0.003 0.008 0013 0020 0.032 0055 0.1 0.21 0.4 0.7
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In SIDIS, DY and Z-Boson Production

Bacchetta, Delcarro, Pisano, Radici, Signori Average parton k2,

JHEP 1706 (2017) 081

HERMES & COMPASS SIDIS
Multiplicities vs p+

E288 and E605 s =

. X
DY cross sections vs gy
Average P? | picked up in fragmentation

DO and CDF 0305
Z-Boson cross sections vs qr 2L

02 04 06 08 7.0
z

July-24-2017 COMPASS Recent Results and Future Physics

35



COMPASS and HERMES Sivers
Asymmetries for m* vs K*

COMPASS Phys.Lett. B744:250(2015)

COMPASS m x<0.032
<= (.1f e COMPASS = x>0032 B
O HERMES n° PRL 103 (2009)

See Takahiro Ilwata’s

0.05- @Mi R éﬁ%} a8 ‘%% } talk Tuesday 15.00

34 32

- L Ll L . ‘
~ & 0.2 COMPASS K~ x<0.032 =

e COMPASSK’ 1>0.032
O HERMES K PRL 103 (2009) L} (} }

Sivers asymmetries clearly established in SIDIS!
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Sign Change of Sivers- and Boer-Mulders
Functions Between SIDIS and DY

l’_g o T

S I e s ,

SIDIS  Est I DY ig { ISI
#’f - @ e \‘._ _.f.’.’..____ . ._______\.';

" Collins: Phys Lett BS36:43-43 2002

Direction of the gauge-link integrals of k;

SIDIS DY

dep. pdfs is process-dependent and
N changes its sign between SIDIS and DY

Sivers ff:r(w, kT) o T —flLT(:IZ, kT)l : Need to confirm sign
SIDIS DY ) .

reversal in polarized

Boer-Mulders A (z. k+ T ‘ Drell-Yan!
hi (z, kr) SIDIS hi (2, kr) DY

NSAC performance
Milestone HP13 for

: : : 2015
TEST “modified” universality of TMD pdfs!
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Final sample: 35 000 dimuons in HM _

S = - COMPASS 2015 NH, data
; s o Comb. background
o 100 N Ty (MC)
- Sy (MC)
= 10% & =t Open-charm (MC)
g %} - ---- Drell-Yan (MC)
~— 3 [ Total MC + Comb. background
~ 10 E M N IR T T T T TTTTTTTTTTTTN 1
& = !
s F i
2 10° = . 3. I
&) = K e }
S “n (M) = 5,3 GeV/e? ’i%?p"m] i
IOE O E melﬁ
O : I
s P 0 O P B | L
4 6 8 10
M, (GeV/c?)
S | I
Q) COMPASS 2015 data . 3
Z 10> Drell-Yan NH; 09 3
<} E [TomTm s —jos B
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S
s
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New Drell-Yan Sivers Result
See Wen-Chen Chang’s

talk Tuesday 14.30

Released by
Barkur Parsamyan at DIS 2017
and Marcia Quaresma at IWHSS 2017

New! 03 April 2017
COMPASS
CERN-EP-2017-059
arXiv:1704.00488[hep-ex]

sign change

- no sign change
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Future Plans: COMPASS++

with slides from Oleg Denisov,
Gerhard Mallot and Vincent Andrieux

« COMPASS is preparing a Letter of Intent for a new round of
experiments beyond 2020

« Open to new groups and ideas
« Starting point: Beyond 2020 workshop March 2016 at CERN

« Unique opportunity: RF separated kaon and antiproton
beams (in M2)

I RF1 RF2
Momentum
selection

\
!

L

Choose e.g. AD,,

A® = 2r (L f /) (B - By") with Byt = B, = (m2-m,2)/2p?

Goals: Lol in 2017, proposal in 2018
Likely a 7-8 year endeavour
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RF Separation of Hadrons in M2 Beamline:
=» High Intensity K~ and p-Beams !

K 7 1
. . - / f/'\\\

@ Deflection with 2 cavities L\ ot LN ot

@ Relative phase = 0 — dump \// \,/K/

@ Deflection of wanted particle given by RF1 . beam

. wfL mi_mﬁ stopper
A(’") ~ < p? |
To keep good separation, L should increase
as p> — limits the beam momentum < : >
“1” optics

Preliminary beam flux expectations for 2 - 10*3ppp:
K~ /p: ~ 1x107 particles per second for ~ 10s
Enhancement by a factor of 50 compared to current beam
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Physics Ideas for RF-Separated Beams

« Spectroscopy with RF-separated beams
— Kaon: Hadron spectroscopy and diffraction
— Kaon: polarisability
— Kaon: gluon distribution with prompt photons

— Antiproton: Charmonium hybrids and exotics (low p-
bar energy)

« Drell-Yan with RF-separated beams

— Kaon: DY with both polarised and unpolarised targets,
kaon structure

— Antiproton: DY, both polarised and unpolarised, TMDs
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Physics Ideas Standard Beams

« Physics with existing muon beam
— SIDIS with transverse polarised deuteron target
— DVCS with transverse polarised proton target

« Physics with existing pion/proton beam
— Pol. DY with deuteron target — flavour separation
— Unpol. DY with various targets
— X-section p + He — p X for dark matter
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Drell-Yan:

e 90's: NA3, NA1O, E615
@ 10's: COMPASS-II
o 20's: COMPASS++

Prompt photon productions:

q Y

g q

@ 90's NA24, W70
e 20's COMPASS++

ECT workshop (Nov. 6-10, 2017): Dilepton Productions
with Meson and Antiproton Beams

July-24-2017

Accessing Meson Structure

DIS with leading N:

= I )
L
‘E:.:_,_,_--_-_' X
. =
N

@ 90's: H1, ZEUS
e 10's: JLAB TDIS
@ 30's: EIC

Argonne Workshop on 7

and K structure at an
Electron-lon Collider, June,
1-2, 2017
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Example Valence/Sea Ratio For Kaons

o —— 60 (GeV)
o ¢ 0.8— Valence/Sea 80 (GeV)
If Epeam= 140 GeV_ statlstlggl - COMPASS ++ 100 (GoV)
errors are 3%. Unigue ability 0.6/ —— 120 (GeV)
to determine Kaon pdfs. - — 140(GeY)
: 0.4
COMPASS acceptances requires
high beam momentum! 0.2 i ||| ||‘ | ol |||‘ |||‘ M
O_ ! | L ! ! | L ! ! | L ! L | L ! L
0.2 0.4 0.6 0.8 1
ve ‘\ CTEQ(3M) (a) Xk
e \ ——— kaon sea = 20% |
\ T meansy Upgrades needed:
08 | .
. ' \ X,=0.2 .

:hi.l: al \\\\“\ Valence/Sea from _ 9 RF upgrade Of M2 beamllne
“ . \ CTEQ(3M) based =» New beamline PID

1 e NIiy, @ssumptions for sea =>» LAS upgrades to increase

TR acceptance
0'00.0 02 014 0:6 oie 1.0

July-24-2017 COMPASS Recent Results and Future Physics 44



Summary:

v/ COMPASS will complete data taking for Drell-Yan and
Pl exclusive physics through 2018. Analyses of SIDIS,

il exclusive processes, Drell-Yan and hadron spectros-
copy data are in full swing.

COMPASS ++

Many interesting topics in QCD physics exploiting

its unique high energy hadron- and muon beams:
o0 Nucleon spin structure with anti-proton beams
0 Spectroscopy with K~ and p-Beams
o Kaon Structure
o Exclusive DVCS

|ldeas, suggestions and new calloborators are highly

welcome to join! y

COMPASS Recent Results and Future Physics
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Photon Energy Spectra
for Pion and Muon Beams

Small contamination from =°.

[V —
= - —— - data x2
= = —— 1 sumulation
= 8000
= 6000
:J B . . .
4000 Simulation describes data well.

2000 — —+— n data

- —— 7 simulation Good control of systematics.

S -
L:t: 2:: - += + +F ++++ +
0__-|-.|- - *l_ - -l I | |
0.4 0.5 0.6 0.7 0.8 0.9
X,

Phys. Rev. Lett. 114, 062002 (2015)
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Mass / Width [MeV/c?]
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~
<
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0—+ 1++ 1—+ 2++ 2—+ 4++

arXiv:1509.00992 accepted for publication in PRD
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Instrumentation Updates for
Drell-Yan Physics

.~ Polarised Target
Q g

1000

Hadron Absorber

sa-fivertax  Hadron Absorber

Stainless Stee

Detector
-cmr-r?;”' : B
i LT e 1 3 Alumina
e 190 GeV/c o FAR 7
|4 - - 1 i
;' | e ey T Beam —> = ==
i g Mo - W_q.f‘%;};}ai polarized NH; | 3 L
| f': —r m— z E——— Targets . ||| i Tungsten Plug
T | TN e S (\works as a nuclear target)
. ~$ _— # 0 mrad :
] o Thin Nuclear Target
)
[ | rmemame z;H
1 -

@ Due to small cross-section, measurement

o e cdllsaf Nk requires high luminosity

. @ Hadron absorber downstream of target
@ Polarisation ~ 80% &

%3 » Stops hadrons and non interacting beam
o Dilution factor ~ 22% P &

» Degrade resolutions, two target cells,

Hadron beam vertex detector
190 GeV/c 7 beam (small o Nuclear targets: Al and W = unpolarised

contamination of K and p) DY studies
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DGLAP (2016)

M. Anselmino et al., arXiv:1612.06413

COMPASS, proton, h*

New! 03 April 2017
COMPASS
CERN-EP-2017-059

Sivers Sign Change: 2 sigma

TMD-1 (2014)
M. G. Echevarria et al. PRD89,074013

TMD-2 (2013)
P. Sun. F. Yuan. PRDSS, 114012

sin(s, -6_)

=
=

0.08

0.05 h

MX?, LT T—

| |.|+p—>h+
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10°

004
0.03
0.02F

001

C>
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1
X ‘IO

arXiv:1704.00488[hep-ex] 0.1
g—m
E
< 0
Additional Drell-Yan 0.1+
Data taklng in 2018! - no sign change
—0.5 0 0.5
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See Wen-Chen Chang’s
talk Tuesday 14.30
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Extraction of Transversity Distributions
and Determination of the Tensor Charge

oq(x) transversity
CFF(z) Collins FF
IFF(x) di-hadron FF

ete

~ CFF(z,) x CFF(z,)
~ IFF(z,) X IFF(z,)

SIDIS
~ 0q(X) X CFF(z)
~ 0q(X) X IFF(2)

COMPASS

pp =2 jets
~ G(X)x0q(X,) X CFF(z)

pp>h" +h +X
~ G(X)x0q(X,) X IFF(z)

mp > I + I +X Drell-Yan
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Transversity, dq(x)
Tensor Charge




