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COMPASS: NA58, EHN?2, bU|Id|ng 888:

COmmon
Muon
Proton
! Apparatus for
Structure and
Spectroscopy

COMPASS was the /argest surface experiment at CERN
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* about 220 members

* from 13 different countries
* involving 24 universities and
research institutes
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few facf

Flagshlp measurement for COMPASS was AG

TMDs were brand new objects and but we were very much interested in this field and
we put their study in the proposal, even if with marginal beam request (i.e. 20% of the
time devoted to AG)

As suggested by J. Collins [71], the fragmentation function for transversely polarised
quarks should exhibit a specific azimuthal dependence. The transversely polarised quark
fragmentation function P"; should be built up from two pieces, a spin-independent part
D?, and a spin-dependent part ADZ‘:

h nh hy h h .

D)(z, 7, e Dy(z,p;) + AD(z,p]) - sin(dn — ds'), (3.23)
We propose to measure in semi-inclusive DIS on transversely polarised proton and deu-
terium targets the transverse spin distribution functions Arg(z) = g(z) — g,(x), where

T (1) indicates a quark polarisation parallel (antiparallel) to the transverse polarisation
of the nucleon. Hadron identification allows to tag the quark flavour.

The measurement of the Sivers PDF was added to the program soon after ... the other
TMD with the developments over the years

COMPASS was approved by CERN in 1997. R&D and construction from 1998 to 2001

Measurements started in 2002 by HERMES (p) and COMPASS (d)

This field has grown considerably in the Iasttyears and comes one of high priority
measurements for the JLab12 program and

or the EIC

Circum?=Pan-Pacific Symposium 2024




* high energy beam two stages sphiaterGuheter
 large angular acceptance Large Anglditpsbotenaer? Sk
* broad kinematical range Small Angle Spectromtle(tgrt%ﬁﬁ%c

l
40

p (GeVic)

—
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Spectrpmeter elements
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# 0Run=300000, Spill= 1, EvMum = 1, Spill time = -10000.0 [s], Taken — unknown time — GMT dE/dX [(j,ev] |
o - Y= 0.0][cm]

—-200 0 200 400

PHAST root:feoscompass.cern.chi/eosiexperimenticompassimciproduction/reco/2021/P01/mu+_lepto_slot!/mDST_chunks/mDS T-200000-1-0-8 root
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COMPASS 2007 transverse proton data (part)

:

Counts/(1 cm)

g

solenoid 2.5T

diPOIe magnet 0.6T —52; 300 -280 -260 240 -220 —m‘imhﬁ“lgm—ld‘d‘—'m
Zy (cm)
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ot
J:!-'.:i - e 1

12/5/2024 %

1.2 m Iong, 40 mm diameter, 5-6 |
Temperature 60mK (-273.09 °C) with a record of 30 mK
°LiD, deuterated lithium — deuterium acts as target

NH; ammonia — hydrogen acts as target

Polarization is obtained by Dynamic Nuclear Polarization

Three things are needed: high magnetic field to align the spins, a very low
temperature to reduce thermal energy and microwaves to transfer spin from the
electrons to the nucleons

A 2.5 T solenoid field is applied by a superconducting magnet with a 104
homogeneity over the target volume
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H_adrgn beam Dfell—”Yan setup
e

ECAL1 HCAL1
l 1 MF1

polarised
target absorber
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ARt
| l |

AR CAMERA
5101 02 03

FiIO1 FI15 FlD2
+ startCounter

12/5/2024
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I B 4

& 1997-2011
and back in
2022

i compass-IlE
4 2012-2020

R CAMERﬂ!recoll proton detector
d "_ surrounding the 2.5m Iong
S LH2 target

-\.“.'
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muon beam deuteron (°LiD) PT 2002 80% L/20% T target polarisation
2003
2004

2006 L target polarisation
proton (NH;) PT 2007 50% L /50% T target polarisation
Hadron LH target 2008
2009
muon beam proton (NH;) PT 2010 T target polarisation

2011 L target polarisation

Hadron Ni target 2012 Primakoff
muon beam LH2 target 2012 Pilot DVCS & unpol. SIDIS
Hadron Proton (NH3) DT 2014 Pilot DY run
PT 2015 DY run
5 2018 DY run
~ | muon beam LH2 target 2016 DVCS & unpol. SIDIS

7 2017
= | muon beam deuteron (6LiD) PT 2022 T target polarisation
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anema!ucs of Deep' nelastlc Sca’tterlng

k= --_"'!J. :

1.. - DIS variables:
. s=(k+P)? =2k -P+m?

Q2=—q2=—(k—k’)2=2k-k’ e(k) .
5 electron
x =2
2P-q
P-q
Y= ox p/A(p)
roton/
W2=( +q)2=P2—Q2+2P-q ﬁucleus
"~ «  SIDIS variables: p — £X
p-Py, o = Pyq 4 Beam lepton ¢: k = [E, k|
o =— Pyr = P —— =
2y " P ht = Th T g 4 Scat. lepton ¢": k' = [E', k']
NB: always use invariants for invariant quantities (not Virtual Photon y*: ¢ = [v, k — ﬁr]

their expression in a particular frame). This will help
you when moving from 1 experiment to another.
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AZImu:l:haI angles .m-fthe GNS or Brelt

-H.. "."' ¢ ;.E-:I..'.: h'l" s

(G x?)- P,
Q< y s
(G x€)-(gxPy)
g x 2||g x Py

sin ¢h =

CoS ¢, =

e e SRR LS ED
PR

We look at our events in the Gamma Nucleon System (GNS) or Breit Frame,
i.e. we need a perfectly reconstructed lepton kinematic.
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Transvg se structure 6f the Nucléon

A _-.':'_:i:? il | e«

= Confinement Scale
£

L

Transverse

morm,entum Longitudinal

/ =

r’lu\\\‘:"

Tra ns,ve rse |

Hard Scale
High Energy Probe
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Standard___:c_uts @ """ S~17 GeV

Q% > 1 (GeV/c)?

0.1<y<09

T

W? > 25 (GeV/c?)?
10

IIII\I[

.
[

0.2<z<0.85

e P,y > 0.05 GeV/c
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”K_i_,_n____je_%tic distrib'.UtléhS |

-

COMPASS 2010 proton data

o) 2 COMPASS 2010 proton data
S 0k L oL
3 - > f
10' & ~ W
c 107
10k -
: 10°
107 preliminary B
; 107 -
0k : preliminary
F 10 -
1 ] . Cal g
1 10 10° B
v 2 1
- 10'3 10-2 10-1 1
x1 03 COMPASS 2010 proton data X
= I 8001
2 COMPASS 2010 proton data 1 01 COMPASS 2010 proton data
3]
-Q §]0000
600 S
400 — N 5000
J,?H'(’{HH nary i preliminary preliminary
2001~ 1o} %
l(; { 2‘ :‘; : 4‘; : 5 G0 : 0.2 0.4 0.6 : O.IS : 1
olaloe PN W DU DO D, | pf(GeV/c) z
0 5 10 15 20

W (GeV/c?)
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0’ (GeV/icy
Q* (GeV/ic)

12/5/2024 ; : o ! ; " Circum=Pan-Pacific Symposium 202z



2007

2008

2009

2010

2010

2010

- 2013

2013

L 2015

-

2015

= _':.' ™

i1 2016

12,{5/,2024_ - 3 =

A7 Q%< 0)
gi(0),
Ah"‘ —h~

ae +

Ay g AT, AT,

g7 (%),

+ +
b K+
ALd'Alﬂ'Alﬂ'ALp' A

1p'
sin¢g, sin2¢,sin3¢, cos ¢ asyms

2h
ALL

Final COMPASS results on g (x)

Ay, and g! at small x and Q2

Circum?=Pan-Pacific Symposium 2024

Ag/g

I'd, A
Au, + Ad,,
Au, + Ad,, Al + Ad, As(= AS)
', 194/ gv|
Au, Ad, Ai, Ad, Ad, As, AS
hu, fifha, fir, Py hir, hi, 92,917

Ag/g

Ag/ginLO and NLO
IS, A%, Au + A -
NLO QCD fits for Ag/g

I'4, A




Al AR First 6LiD data

2006 Agll-,,’d, A’Clol'd 2002-2004 °LiD statistics

H'i, Ki,Kg 7Ti, Ki’Kg B 61 ..
2009 ASiv,d Acora 2002-2004 °LiD statistics
2010 Al o Aborp 2007 NH, data
sing sing .
2012 AUT’dRS,AUT'pRS 2002-2004 °LiD
2012 A%y o0 Aborp Full NH_statistics
sin(pp=¢s) ,sin(¢p—¢s) )
2012 AUT,d , AUT,p Exclusive p
(¢p'¢s) (¢p'¢s) Q 0
2013 Ayra 1 Aury Exclusive p”, all asyms.
singrs ,Singgrs 6] i
2014 AUT’d ,AUT,p Full °LiD and NH,
-1 n-i' Ki,K_g ﬂi, Ki,Kg ..
= 2014 Asw’d ,ACol,d Full NH, statistics

2015 Interplay AZL?’?RS Vs Alorp Full NH, statistics
2016 Agiv,h in SIDIS at the hard scale of the Drell-Yan Full NH, statistics

i 2018 Py r-weighted Sivers asymmetries Full NH, statistics

' 2019 transversity-induced polarisation of A and A Full NH, statistics
2022 Collins and Sivers for @° Full NH, statistics
2022 TSAs for m and K Full NH, statistics, 2002-2004 °LiD

Ag'liv,d' Agol.d 70% of 2022 °LiD data




dn"/(dN*dz dp?) multiplicities on d, 2004

2014 Af;;]s';bh,Az(;]S;%, Aziun'g’h 2004, part
2016 dn™/(dN*dz) multiplicities on d, 2006
2016 dn"/(dN*dz dp?2) multiplicities on d, 2006
= 2016 dn¥ /(dN*dz) multiplicities on d, 2006
2017 dn"/(dxdQ?dz dp?) multiplicities on d, 2006
24 2018 (dnX” /dn¥")//(dN*dz) Multiplicity ratios for Kaons, 2006
! 2019 Contribution of exclusive diffractive processes to Af](;]s,:fh, Af;;]s,;d’h, A,SJiUn’:f" 0% ¢, w

(dnP? /dnP) and (dn®~ /dnX")//(dN*dz)
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.‘I'l' "'ll

Accessi gTMD PDFs ‘and FFs

1' 'H-" 'l. -|-.|r‘"

TMD factorization works in the domain where there are two observed momenta in the
process, such as SIDIS, DY, eTe™. Q > qr: Q is large to ensure the use of pQCD, qr is
much smaller such that it is sensitive to parton’s transverse momentum

- SIDIS off (un)polarized p, d, n targets

gy HERMES )
: h COMPASS otPt X~ g(x) ® 67971 Q@ D)} (2)
- JLab12
future: EIC
« (un)polarised Drell-Yan
COMPASS _
" X, RHIC o P~ (1) ® qp(x2) @ GIT7HE(3)
d ) FNAL
: H; X, future: FAIR, JPark, NICA
:_:-' ° e e - hl hz
llul ) - hadrons BaBar Lo B h h
>M< Belle g€ e "hiha L5t209(8) ® D" (z1) ® Dy*(2;)
- “ Bes Il
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:TMD B_.lstrlbutlon'- Lﬁ*\ctlons

-— —°—> h qu (x, k ;) flq (x,k i) ° unpolarised
transversity

-@’ B @ h lc;l(x’k i Nucleon ( k T) _@"

pretzelosity @ Sivers

. . h EEL(x’k ; twist-2 . 7 (x.k T) e e

worm-gear L helicity

- @ hfl(x,ki) ng(XkT)_." _.'>

Boer-Mulders worm-gear T

O . nucleon with transverse or longitudinal spin S T
T

I_. [+ -O'P @ parton with transverse or longitudinal spin —p

il N

iy ﬂ parton tfransverse momentum

_ Proton goes out of the screen. Photon goes into the screen k, — intrinsic transverse momentum of the quark

12/5/2024 ; : o _: o .1 ; - Circum=Pan-Pacific Symposium 202z
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h{x) =q"'(0) - q" (@) q = Uy, dy, Gsea
quark with spin parallel to the

nucleon spin in a transversely
- polarised nucleon

! * probes the relativistic nature of quark dynamics

* no contribution from the gluons - simple Q2 evolution

- Positivity: Soffer bound................. 2|hI| < £,1+ g8 soffer PRL 74 (1995)

« first moments: tensor charge.......... 5q(Q?) = fol dx[hi’ (x) — hf(x)]

Wy
L
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Tra nsvgr5|ty

i ..,': e

is chiral-odd:

observable effects are given only by the
product of h‘ll (x) and an other chiral-odd function
can be measured in SIDIS on a transversely polarised target

via “quark polarimetry”
' A . “Collins” asymmetry
! (N > 0C"hX “Collins” Fragmentation Function

/N > /"hhX “two-hadron” asymmetry

“Interference” Fragmentation
A ENT A X Function
; = A polarisation

Fragmentation Function of q1—=>A

=i ALY
) - i 4
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F rom (;olllns asymmetrles to tra ver5|ty

- g S YA AR
FoIIowmg Phy5|cal Review D 91, 014034 (2015) in the valence region

1
| Cefit A = f 45) + 5 el = xfi )

(xf —xfyA.) = (xf Ay — xfp_Az;)]

With @% and & constants

—h
e Za i h{Ue)®H ()
Tqei /@D

=
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2022 I_euteron run |

ﬂ_'_r*-‘;. *'h_‘.'l.'-i-:l-?_: P

- Benchmark: h; extraction from Collins asymmetries

Transversity extracted as in
PRD 91(2015) 014034
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TransverSIty from Otfr data .9

Point-to-point extraction [Phy5|ca| Review D 91, 014034 (2015)]
Only COMPASS measured TSA on deuteron

£ 05

Closed points/squares — from Collins -

' I : ; t
s ints/ from dihad s éﬁt}% : -
pen points/squares — from dihadron o e " € & & T L ]

05—

1072 107!

. ERRORS ON h¢ ARE A FACTOR 4 LARGER THAT THE ONES ON hY

Oy .'_|_ T iy |
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ﬁ'l'-l"ul-[

2022 leuteron Run "1

- L.l:ﬂ A i
COI\/I PASS proposed to CERN torun a fuII year Wlth the

transversely polarized deuteron target and this proposal has been
approved

0.05}- +

! MH%;;* ------ - }L
e
{+

%f@tﬁ%ﬁ% -------

ﬁﬁ@géﬁ{-}ﬁ

—0.05— % —

107!

Circum=Pan-Pacific Symposium 202z



F|rst .§.§ults fromlzoiz deuteron rui

_.E.:I.,'.f. 1..1’ =

PRL 133, 101903 (2024)

| e 2022 L COMPASS °LiD data
0 2002-04 (NPB 765(2007)31)

[

STTTTEE N (I TR
o by 'f'H"{'{'"'*%ﬁ';'r?'"}j:"'f ++sﬁ*f P }‘

h
All

005 et | [

L2022 Tt e
0.05 2 2002-04 (NPB 765(2007)31) - T

ﬂwi“ﬁ)ﬂlﬂiﬁit{ }**F}ﬂid OB

| Ll PR N [N T T N T T T T T T T T T T T [N T M

102 107 02 04 06 08 0.5 1 1.5
X

h
Coll

e s
L ]

ey
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J"'

Fl_rst res_ults from 2022 deuteron"run |

W o
PRL 133, 101903 (2024)
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T, Wy
i

s Asymmetry

g e

W T

Sivers: correlates nucleon spin & quark transverse momentum k; /T-ODD
at LO: 2 ot h
2qe, fqu ®D,

ASiv - 2 h

2 e,q®D,

up' - puXh*

The Sivers PDF

J. Collins proofs fi% = 0 for T invariance

J. Collins shows that(fit) py = —(fis)sipis
COMPASS ond: A%, = 0and A%, = 0
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Slvers-Asymme try 5. .

e o "."' : oyl h'l" =,

SlTlCDSw( Z) ZC[ eq xflT (x kJ_)@qu(Z pJ_)

Fyy(x,z) 2 eqxf1 (x, k3 )®D (2, pi)

- To evaluate it we need to solve the convolutions (i.e. make
hypothesis on the transverse momenta dependences of the
TMDs)

Agiy (x,z) =

ki) n(p?)
JEM g€l xf] “”(x)leq(z)
[l R Za S P

—ki/ k5 s e—PJ_/<PJ_>
- Gaussian ansatz: f () =—— DI (2)*———

. Leading t0:Agy,6(x, 2) = with f+M9(x) =

fdsz f1qu(  k7)

ne i RO R
B
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WHTI

Slvers.asymmetry or p

# charged pions (and kaons), HERMES and COMPASS

ce

COMPASS positive pions x<0.032 preliminary

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

2%
é‘?‘}#

;

?

0.05}
#i of—----%--
—0.05}

iy | il i
COMPASS negative pions x<0.032 preliminary
COMPASS negative pionsx>0.032 preliminary

HERMES = PRL 103 (

| § * i; %E’ %{

20009

Gl

12/5/2024 2

I
0.5
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o A 1. e
?F'q' 1! L 5!_:'.'_‘ s

F |rst results from 2052 deuteron

i A

PRL 133, 101903 (2024)

2022 COMPASS “LiD data —_
0.05 |- 2002-04 (NPB T65(2007)31) [ — o
I : o L
[ : _ N L
o i Lo ! 0 ! 1 - L
& ooy taigg b iy s RIS 11] 005 |
| | 5 :I’éé SRR % }ﬂ'
0051 — L r—— | r— O ﬁ["
42022 h B @*]r !‘kﬁ é'
0.05 |2 2002-04 (NPB 765(2007)31) [ - B
_ 4 —0.05—
- il i i b S
U ‘“ 55.& ;} """ ﬁ'-&i"}‘}”']} """" "ﬂ’ii'ﬂ" ﬁ% B
% 1 A + “ha + l { ’?‘+ TT +£ ] - = d
I l .
- A [ _(11 |_2 1 1 |_l
o 00—t [ e | e e 10 10
e —2 1 02 04 06 08 05 1 1.5 X
v - z p, (Gevie)
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Unpolarized
asymmetries
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'L"Ssr Section

""Seml mcluswe urirr'[:fxb' arlsed DIS

S i i

~ The account of the transverse motion of the quark result in the following general form of the
~unpolarised semi-inclusive deep inelastic cross-section

L

d°o 2na? 2 2 M2 )2
2 - 2 + 2 (1 - y) + =
dxdydzdPyrdep xyQ?2(1—¢) 2
{Fl}JlU,T + eFfly L ++/2e(1 + &)F;, Phcos ¢y, + eF,) 2Phcos 2¢, + }
We can then introduce amplitude of the azimuthal asymmetries as

X
cosX¢>h 2 FCOS ¢h(x Z, PhT» 2)
A (x z, P%r; Q ) = >
FUU(xJ Z, PhTr )

An the angular independent ratio

Fly(x, 2, P?r; Q%)

My (x,z, Pp; Q%) = L2 D
UU( hT Q ) Fz(x;Qz)

Experimentally these are more difficult measurements than spin asymmetries, since we have to correct
for the apparatus acceptance

e "I.-_i_.-.
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B

Unp Iarlsed A2|mFa| Modulat. on e

FNEE.

~ When looking at the content of the structure functions/modulations in terms of
| TMD PDFs for the cos ¢, and cos 2¢;, we can write:

oM |h-k p. k P —Z(ii']_())
cos ¢ __ 1 11 4 hT 1 .
Fjp " =— 0 C[ 7 1Dy — V7 YT hiHi | + twists > 3
h-k,)(h K
! F;ES 2¢n ( J')( MIIDV;h) Py Ky hiHi | + twists > 3

In the cos 2¢;, Cahn effects enters only at twists

Il.'__.'i

Feni = = c[{2(h K1)’ ~ K2} fun)]

12/5/2024 ‘- AR P - .Z - Circum=Pan-Pacific Symposium 2024
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A i s L Sl RN i,
In the case of unpolarized SIDIS the measured rates need to be

corrected for the effect of the apparatus (acceptance corrections,
including geometrical acceptance, detector efficiencies ...)

2. Events from processes different from SIDIS may be present in the final
sample, and we know that charged hadron SIDIS sample at large z and
at small P, contains a non-negligible contribution of hadrons from the

! decay of vector mesons (VM) produced in exclusive processes

3

Radiative effects change both the LO cross section and the
reconstructed event kinematics

- With the COMPASS data sample increasing over the years we were able
to address with improved precision these effects

LT ‘__:..__ T .-.': ;- < Ry Fpa _. ; Circum=Pan-Pacific Symposium 2024



o - Exclusive VMs can be removed
from the sample when both final
hadrons detected (VISIBLE

p(p) p(p’) PART). EVM cut:

- Contributions from p°, w and ¢ Zy = Zp+ + zp- < 0.95

-« Exclusive p° leptoproduction can be viewed as a « If one hadron is miss, this is no
virtual photon fluctuation into a qg-pair followed longer true (INVISIBLE PART).
by the scattering of this pair off the nucleon and
formation of the final state. - Strategy:

. - have a MC for exclusive VMs with

- These are spin-1 objects, i.e. ] = 1. Decay particles Spin Density Matrix Elements
have spin 0, so L = 1 for the decay. In words when P v Vs -
the VM decays, its spin-state will be reflected in the - Compare MC with our exclusive
orbital momentum of the decay particles. data normalize MCs

- Use this normalization to subtract
the invisible fraction from our
data. EVM subtraction

11_-_
=]

- Dueto the nature of the process we can reject
: some/most, not all, of these hadrons from our
sample

¢ '.-
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LEPTQNIC RADIATI ,'N

a0t "'fﬂz ,|': lﬂ'i

| Feynman diagrams for leptonic radiation

XX XX XXX

E’M

- The radiative leptonic tensor
S(£, ', k), include Born + loops
at O'(agm)
k" Gauge invariant
Infrared finite
Universal (for 1y exchange)

The kinematic is shifted g¥ =
gt — k*
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drons (LH,)

b 0%(GeV/c)?
16.0 COMPASS preliminary
0.60<z<0.80 L\,
+ 107 ...‘ ... ° ..'
] 8
e ) B * . ] o L] °
o i 10 LI L]
107
10™ . ) ) .
3.0 2 3
1 P7 (GeV/c)*
[ ] s
o'f e L B e
e . ] ® ] ° @ [0.1<y <09 300 °
107 ® ¢ % * ° = 200
107 3 3 100
!T.-\. 1 —4 0
1o S S IS S B
L P? (GeVic)? P? (GeV/c)? P} (GeVic) N

12/5/2024 %

0.020
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0.2 Y .
! L KS o alone
u\ / ﬁ
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» Georgi and Politzer [1978]: azimuthal
=+ modulations of hadrons around the jet axis
due to gluon radiation. Effect regarded as a
clean QCD test
[Phys.Rev.Lett. 40 (1978) 3].

:w_.:'n.-_i_.-.

* R.N. Cahn [1978]: same modulations can
arise due to the quark intrinsic motion (k)
[ Phys.Lett.B 78 (1978) 269]
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.QCD+

quark
transverse
motion

EMC experiment [1987]
Fit: Konig-Kroll model [1982]
+ Lund String

These effects can be estimated by adopting a model
for the transverse momentum, distribution of partons in
a hadron and for the transverse momentum given to
hadrons in the quark decay. Suppose that both these
distributions are gaussian:

feep )<L Dizp)xe i, (16a,b)

where f represents the quark distribution and D the
fragmentation function. Let the z-direction be defined
as in fig. 1. Then the longitudinal momentum of the
struck parton is xP and that of the observed hadron is
zxP. If the transverse momentum of the struck parton
is py; and that of the observed hadron is p |, then the
momentum of the observed hadron transverse to the
parton direction is (for zxP > |py,\, Ip ) just p) —zpq,.



._'1| .-:- 1 T Lk

- ]

| subtracti

-IFCOMPASS preliminary

F e unsub& no cut
E o unsub
v sub

< 0.05F 2 3
ol %t e n g g b} poenngla # ¥ iutsuety
—0.05F 0.1< P/ (GeV/c)<1.00 3 3
—0.1f 02<z<085 | 0.1<Py/(GeVie) < 1.00 L 0.2<2<085
1072 100! 02 04 06 0.5
X

12/5/2024

1
Py (GeVic)

-0.05

0.1
_ 0.1

< 0.05
0
-0.05

<

N
@
o
S

g

F COMPASS preliminary fup - p'h™X L @ unsub& no cut

o unsub
5 E E v sub
Y Y e e e PERRARNRY s 5 "M""G;; """""""""
- - L4 F ¥ g «
- - e L
:i o : L3 - — Wteo L
Qu'."'""' _.gsv_'_’_’_’_&f%'_ﬁ__? _____ ; geeett U

1F  0.1<P1/(GeV/e)<1.00

0.2<z<0.85

E 02<z<085

Circum=Pan-Pacific Symposium 202z

1
P, (GeV/c)

5o



._'1| .-:- 1 T Lk

F COMPASS preliminary

0.1< P/ (GeV/e) < 1.00

—0.1F 0.2<z<0.85 L 0.1<P;/(GeV/c) < 1.00 [ 02<z<0.85
1072 100" 02 04 06 0.5 1
x z P (GeVlc)
"l."i
o
5o
e

12/5/2024

~E<5’ 0.05

(=)

-0.05

COMPASS preliminary

Eles
_____________________________________________
EEL R N - OO Bt
1 g d I o
:

0.1<P;/(GeV/c) < 1.00
L 02<2<0.85

Circum=Pan-Pacific Symposium 202z

1
Py (GeV/c)

51



12/5/2024 ;

so ' COMPASS preliminary | 2016 proton data
° < 0.05¢ F up—phX
: o®y 8
—0 05_ B g -II! = = 3 - :
) [ [ ——— | e ——— ey
s S T ' ' | |
§<§ 0.05F } - 3 b -
i * B % ¢ [ é é ¢
OF i'___n___!___'____.___?___*__:___.J_Q_!-i_i_ﬁ __________ +-:.-i.i:--;.’.------.* ______ 4
: = ®® Rt b & 3 L P 3
—0'05;_ ——— ' — I ————
. [ 0I<PyGevio<i00 | 01<P/GeVi) <100 [ 02<2<035 |
£ 20,05 0252085 3 g
o e ¥ F * *: ¢
ANLE N R %_f_-ggﬂ_i*_i _________ ;_i_imih"*\ ______ _
~0.05f —— | 4
102 0! 02 04 06 05 1
x z P. (GeVic)

MultiD on LH2, corrected for both VM and RC is coming

Circum=Pan-Pacific Symposium 202z



De
set for the next decade and beyond, before EIC operation with D
beams.

- It allows a precise and valuable extraction of “d” quarks TMD PDFs

- In the study of unpolarized multiplicities and azimuthal
| asymmetries we are able already today to obtain precise
! multidimensional results

- This should allow the start for the transition from
“exploratory/consolidation” to the “maturity” era that will arrive
with the EIC

- Butalso offers us the glimpse on the challenges that this
- “precision” will bring for both the experimentalist and the
- theoreticians
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The diffractive pO production
and decay.
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When we consider the transverse momentum of the quark in the calculation of the cross section
Transverse Momentum Dependent parton distribution (TMDs)

S k,

pq = xP

f(X) f(x’ kJ_)

The unpolarised number density of the quarks gains a dependence from the intrinsic transverse
momentum k;

flq(xr kJ_)
- New parton densities arise: the Boer-Mulders functions hll'q (x, k), describing the correlation
iz between the intrinsic quark transverse momentum and the spin of the quark in an unpolarised

nucleon
) 1 o
for(e ke, ) = 100, k) — th"’(x, kS (pxky)
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Unpolarlsed Azuﬁu’t aI Modulatlbh

-H.. 'l.-' - ‘ }.1-' =,

" The cross-section is dgP~¢ "X = g fa(x,09) ® doti~t'a ® D/ (z,Q*) with the

.f-" ! ~
partonic process is given by dg?77%' 4 = 32 4§42

§i=(0+k)2~20 -k
0= (0 —k)2~—20-k

proton

In collinear PM do?@7%'0 = §2 + 42 = x[1 + (1 — y)?], i.e. no ¢y, dependence.
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Unpolarlsed A2|mui: aI Modulatlbn

:_.I ] “l R

' When k is taken into account:

m

k = (xP,k, cos¢,k, sin¢,xP)

k, =(0,k, cos¢,k, sing,0)

2k,

Qy1-y
Resulting in the cos ¢, and cos 2¢;,, modulations observed in the azimuthal
distributions
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Improved binning

TABLE 1. Bin limits for the four-dimensional binning in x, 02, z and PﬁT.
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Subtraction of Diffractive Vector Mesons
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