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Introduction.

sin(9+¢s)

. Transversity: A;p , represents the number distribution of transversely polarized quarks in a

transversely polarized nucleon;

sin(¢—¢s)

. Sivers: Apr , represents the distribution over the transverse momentum of non-polarized

quarks in a transversely polarized nucleon;
sin(3¢—gg)

. Pretzelosity: Ay , represents the distribution over the transverse momentum of transversely

polarized quarks in a transversely polarized nucleon;

2 o
. Boer-Mulders: Ai,ofj( ¢”), represents the distribution over the transverse momentum of transversely

polarized quarks in a non-polarized nucleon;

2 o s
. Worm-Gears: A(g})f( %), represents the distribution over the transverse momentum of longitudinally

polarized quarks in a longitudinally polarized nucleon.
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o Cross sections and statistics.

Estimation of DY pairs production rates in Pythia6.4

DY via -+, Js=26 GeV
Some settings:

MSEL=0 | Yurn OFF global process selection
MSUB(1)=1 | Yurn ON g+gb -> gamma™/Z0 -> mu+mu- (Drell-Yan process)
MSTP(43)=1 | only gamma™ included (Drell-Yan )
MDME(184,1)=-1 1 ZO -> mu+mu- turned ON
"S - COMPASS 2015 NH, data
; 5 | -~ Comb. background
8 10 t ------- Iy (MC)
Mnunu Gev o tOt’ nb g 104 B -—-— (\ﬁp(':ll-i‘l)mrlnh\/l(‘)
4 f == Drell-Yan (MC
>2 1.23 g 101 b — 'Il?olul ;’1(‘:-\(4‘(01)11}». background
>3 0.27 E f .
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Drell-Yan studies with SPD. Status and Plans.
Cross sections and statistics.

For various invariant mass ranges with P, >1 GeV
o range = o.tOt X Nth range/ Nth

M, 2-11GeV|M, 2-4GeV |M,, 4-9GeV M, 9-11GeV

Vs GeV Opp ND Opp ND Opp ND Opp ND
26 0.9 0.82 0.07 <0.01
20 0.6 0.56 0.03 <0.01
15 0.3 0.29 0.009 <0.01

.g e —8—SORT 26 GeV

‘g 0,5 SQRT 20 GeV

; 0 SORT 15 GeV
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Cross sections and statistics.

Drell-Yan studies with SPD. Status and Plans.

DY pairs production rate vs. Luminosity (Vs=26 GeV) per month

R=LXoXTimeXEff

M,, = 2-9, GeV M,, = 2-4, GeV M, = 4-9, GeV
Eff Eff Eff Eff Eff Eff Eff Eff Eff
L2’ . 100% | 80% | 60% | 100% | 80% | 60% | 100% | 80% | 60%
s R x 103 R x 103 R x 103
1x1031 23 19 14 21 17 13 1,8 1.4 1
5x1031 162 93 70 103 82 61 9 7,2 1.4
1x1032 | 233 169 139 207 165 124 18 14 10
2x103%2 | 466 338 278 415 332 250 36 29 21
COMPASS-II proposal
R (day) R (month) x103
n beam, GeV | Muyp=2-2.5| Mpp=4-9 | Mpp=2-2.5 | Muu=4-9
106 4013 440 120 13
160 4617 695 139 21
190 4858 809 146 24
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« 2 proton beams with E=12 GeV

- Only process qg4=2y 2u'u
*m, >1GeV

pu

+ * 0
« Decays of T, K, K, turned on

« 105 events
*« 0, =8.7nb

(ratio ©,,(MB)/o,,(DY)~4.510")

107
108

10°

» Only muons produced in volume with L=8 m and D=7 ¢

m were taken into account.

* (For m, >3GeV ©,,=0.23nb)
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Drell-Yan studies with SPD. Status and Plans.
Background studies (old results).

dimuon mass

min. bias (75M events)

min. bias, muon track eéxtrapolates to d=1 mm area around

L

b

~1:60 signal/background - 07.2018
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® Background studies (new results).

10¢ DY events in range my, > 4 GeV. o;o¢ py = 0.074 nb

4,9-10° min. bias events in Pythia 6. oo¢ g = 39 mb. ~ 10* of these events contribute
to background in our invariant mass range.

dimuon mass

h_mas
Entries 601918
Mean 4.819
StdDev  0.8536
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Background studies.
1M min. bias events with Pythia6
« green - “Pure” Pythia6
* blue - SpdRoot (Hybrid geometry) all muons
* red - SpdRoot (Hybrid geometry) reached RS

Hip, H-P,
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® Background studies.

+. +- 4.
WP, utp, kP,
- hp_px - hp_py - hp_pz
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10 E_ Mean 3564205 10 E_ Mean  7.0d38e 06 10 é_ Mean  —8.076e-08
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® Background studies.

w: X (all) p:Y (all) i Z (all)
hn_vx_all hn_vy_all hn_vz_all
104 E Enlbies 495380 10% = Enlries 495380 - Enlries 495380
E Maan -0163 E Maan -01074 - Maan 01403
Std Dev a7.15 : Std Dev 872 F Std Dev 20687

E |IIII|I\II|IIII|IIII‘Illll\ll\ll\ll‘lllll 1 1] E |\II\|IIII‘II\I|\II\lIIII‘IIIIlIIIIlII\I | ] 1 1 | | - | - | | - | | - | 1 1
-500 -400 -300 -200 <100 0 100 200 300 400 500 -500 -400 -300 -200 -100 O 100 200 300 400 500 -400 -200 1] 200 400

W p(all)

hn_vt_all
Enlries 485380

Mean g7.51
Std Dev 75.43
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® Background studies.

p*: X (all) pe Yy (all) pt Z (al)
hp_wx_all _ hp_wvy_all
Enlies 2838766 F Enlies 2839766 r Enlies 2839766
B Mean  -0.05446 B Mean  -0.04649 r Mean 0.0514%
10 SuDev 1043 10° = SwDev  104.2 SiDev 2795
E E 10* E
10° E 10° E i
i i 10°
1 DZ E 1 DZ E F
10 10 r
E E 107 E
1 1= L
F, F, Ll

-500 -400 -300 -200 -100 0 100 200 300 400 500 -500 -400 -300 -200 -100 0 100 200 300 400 500

p*: p (all)

hp_vt_all

Enlries 2833766

Mean 121.1
Std Dav 8386

0 50 100 150 200 250 300 350 400 450 500
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" Background studies.

Cuts:
* p > 1GeV

nrp (all) w: Z {all)

hn_wi_all

n vz a
E Enlries 185350 F Enlries 295390
L] > 1 Gev C Meaan 97.51 — Mean 0.1403
I Sid Dev 75.43 - 206.7
10° e
10— B
E 10° =
L | N | | C
50 00 50 200 750 300 350 400 450 500
e p(p>1) W, Z (p=1)
n_vi_pcul fin_vz_peul
E 25223 Enlries 25223
= 54.38 @ Mean 2503
= 53.78 = Std Dev 219.3
10 = C
— 10—
10 = =
= =
= = | - L _L L
50 00 150 200 250 300 350 400 450 500 400 —200 0 200 00
w,p(p>1) W, Z(p>1)
Ti_wi_pient Fin_va_pheal
E Enlries 705 E Enlries 1705
Maan 115.1 C Mean —4.865
Std Dev 8171 B Std Dev 1406
10 | | ‘
|||“” [ ] | || 1 || ‘| 0=
| | I | I‘ F
500 200 400
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" Background studies.

Cuts:
* p > 1GeV
o pT > 1 Gev w'p (al) - ez Z (al)

Rp_vE al
= Enlries 239766 - Enlries 2838768
[~ Mean 1211 I~ Mean 0.05149
[] Std Dev 83.96 " Std Dev 279.5
10t o E
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= 107 =
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C 10—
0 = E
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Background studies.

M, (@ll)
h_mas_all
106 « green - “"Pure” Pythiaé Entries 1973235
* blue - SpdRoot (Hybrid geometry) all muons Mean 0.3456
« red - SpdRoot (Hybrid geometry) reached RS Std Dev  0.1745

M., (all)

—
o
w

[ h1 mas_all
Entries 75
Mean 4.79
Std Dev  0.8014

—
(e
~

I\IIII{

—h
o
&)

—_—
o
\*]

D||||| [T T T Ty T iy T iy T T

il

o

5 6 10

\I\\|
=]

S

10

pr > 1 GeV

(P TR

—h
o

—




D Drell-Yan studies with SPD. Status and Plans.
(I\_IICA> MC weighted asymmetries (like B-M).

PV 100
RS 96.7
Npy generatedevents=1x 10° [4.0->] Rrses 273
* N muon pairs [4-9] =(PV) - 100% RS-EE 16.2
* N muon pairs[4-9] = (R5)-96 % S Hybrid set-up
* 4.0 GeV/c*< My, <9.0 GeV/c? N1
. (P,) = 1.0 Ny, = Z(Go—k COS 2¢¢s)
Boer-Mulders N, o — Ny, 1 1
weight=0y + kP cos 2@ s A= Ny, > + Ny, 4 N2
o, = 1.0 Ny, = Z(GO +kcos2¢cs)
k =0.5 1
P =+1
dA = =
JN;y+ N,
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Standart Magnetic field map in SPDRoot

Drell-Yan studies with SPD. Status and Plans.
MC weighted asymmetries(like B-M).
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<NICA> MC weighted asymmetries(like B-M).

Magnetic field map in SPDRoot x2
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Standart Magnetic field map in SPDRoot

MC weighted asymmetries(like B-M).

Drell-Yan studies with SPD. Status and Plans.

|
8«:?1005;— : EH“I } H{l HH ,HH | [ +Hﬂ ' e Hl} Hﬂ
no %
e 7 " S e ] 5 55 6 6.!5

—0.005— %’ ’ %H
0.01— o | o | o | L T
—0.5 0 0.5 1 2 3 4 5 4 4.5 5 5.5 6 6.25
X, s ” q,(GeVic) M, (GeVic?)
ALL 100
P>0.5 99.95
P>0.75 99.3
Pt>0.5 94.6
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MC weighted asymmetries
(comparison with COMPASS).

[ ® COMPASS 2015, PRL 119 (2017) 112002
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(NICAD Some estimations and proposals.

For BG studies:

- one needs to add materials as For ASYM studies:
possible; 3

- responses in ECAL and RS; o::“?;i:i -n'l)'rzzl\:?n ,

- tracking: P Y 9.

_ vertex: - magnet field maps

- PID for DY via e+e- (toroid vs soleno!d)f
(aerogel blocks or other) - theoretical predictions on

asyms for NICA;
From NICA:

- one needs to have solid parameters of NICA (lumi, Nbanches etc):
- Beam structure (IP sizes efc):;

- Estimations on polarization's values;

- Run time (statistics).
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To do:

- Background studies
cuts, vertex, tracking dets,
PID dets, beam params etc
- MC asymmetries studies
- Estimation of feasibility of exclusive DY
- Deuteron tensor structure via DY

Results on all tasks have to be done for the
end of September 2019

Drell-Yan studies with SPD. Status and Plans.

DY Team:

Akhunzyanov Ruslan
Gribowsky Alexandr
Ivanov Artem
Mescheryakov Gleb
Nagaytsev Alexander

welcome to join
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3 PDFs are needed to

™ g NUCLEON
unpolarized longHtudinally pol. _transversely pol. deSCf’Ibe nuc|eon
. > |
R £ & 2| structure in collinear
‘! . -
3 number density KMSJ aPPrOXImatIOI'I
g
b4 glL gl'[‘ i i
o (o> o> ".;"vr.~¢ >
< : ©-© 8 PDFs are needed if
e} helicity .
3 6 we want to take into
: LLOOe Ve account intrinsic
|m, K. o e.| B @ “(z7| transverse momentum
— . - [ pretzelosity)
kr of quarks
T-odd chiral-odd

_do &
dxdxd’q,dQ  4Q°
{(a+cos? OIRY, +sin® Ocos 20F32¢) + S, sin? Osin 20F}* + S, sin® Osin 20F>?

O psin(g+ gy )F N ]

sin|

+|§3‘i.||:sin(¢ ~ g )(1+cos? @) Fy ™ 4-sin® 9(sin(3¢ - ¢ )En
+|§hT|[sin(¢ ~ g )(1+cos* O) By ™ sin’ 0(sin(34 g JFr ™™ +sin(g + 4 )Fl',‘;“*"*’)]
8,8, [ (1+c0s? @), +sin’ Ocos 2F | 2.1.2)
+S"i_|§b1||:cos(;#—¢sh )(1+cos* 0) 3 +sin’ 0(cos(3 — gy JET ™™ +cos(p+ 4 )F,f;”‘"‘-*']]

+

S | Su [cos(qdv —¢ )(l +cos’ 0] ES%) 4 sin? 0((;05(34# —¢, VESFAY L cos(p+ és ) el ”
+|§ﬂ||§w|[(1 +cos* 0)(cos2p— g~ I wcos(gy — gy I A ’}}
+|§i‘1l|§hT||:sin3Q(c:os(ﬁ& +s YA +cos(dp—d, —d shana -0*.-,‘)]

* | §i]T §hT

[sinz 9(c0s(2¢—¢,’,‘ +é, YR ) +cos(2p+4, —f )FI‘-T'N:@—@A—Q.,;)]}
where F are the Structure Functions (SFs) connected to the corresponding PDFs. The SFs

depend on four variables P, -q, Py *q, qr and q3 or on qr, q3 and the Bjorken variables of
colliding hadrons, X, , X ,

B Y SRR Y -
X P g e’ % —e

¥, yis the CM rapidity and

Drell-Yan studies with SPD.

The cross section cannot be measured directly because
there is no single beam containing particles with the U,
L and T polarization. To measure SFs entering this
equation one can use the following procedure: first, to
integrate cross section over the azimuthal angle @s,
second, following the SIDIS practice, to measure
azimuthal asymmetries of the DY pair’s production
cross sections. The integration over the azimuthal
angle @ gives:

5

do o’ ,
O = = =——x(1+cos” )| F;, + S, F!
int dx_,dxhdhq-rd COSQ 2q- ( )[ uu LShL LL
Sl costh, g JFTS S+ Dot +i )]

23
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DY background studies
DY and min bias events were generated with PYTHIA 6

« 2 proton beams with E=12 GeV * PYTHIAG6
- Only process qG=y 2u'n « MSEL=2
*m, >1GeV

Hu =+ =+ i —
« Decays of 1%, K*, K° turned on 2 proton beams with E0—12 GeV
Decays of @, K™, K turned on

e 105 events
. = i MB)/o, (DY)~4.5-10°
(¢} 8.7nb (ratio 0,,(MB)/o,,(DY) ) 75-106 events
o,.=39.4mb

tot
tot

* Only muons produced in volume with L=8 m and D=7
m were taken into account.

. (FOf m >3GeV Otot — 023 nb) dimuon mass - dimuon mass

uu

dimuon mass

107

10°

10°
min. bias (75M events)

10*

10°

no cuts

2
" i e { | p>0.5GeV
min. bias, muon track olates to d=1 mm area around Oz
10 - muon track prolongation angle between hadron
crosses area of d=1 mm and muon tracks
1 . I around z axis <0.01 rad
L]

Tracking system has to be done
with very high efficiency to reduce
DY background.

0 1 2 3 4 5 6 7 8 9 10 ~1:60 signal/background

=

24
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At LO the general expression of the DY cross-section simplifies to (S.
Arnold, et al, Phys.Rev. D79 (2009) 034004) :

CoS 2@ do"? - agm L0 LO cos2¢
Ay - gives access to the d*qdQ  Fq2° Y {(1 + Dfsinzejdy”  €OS Z(P)
Boer-Mulders function 'l | §T| [ A;in @s gin s
A + D[Ls?nz 6] (A‘;m(‘z‘pﬂp"') sin(2g + @;)
£ AT + sin(ze - 5))}

015~

0.1

Qo5

; ;

; 1
™~ I' ~

-0.05— S
c \\9 Z
C 1

_Q.\‘- 11 l Ll I 128 I L1l l 11l I LAl I L) I L1 l LAl l L1
08 06 04 -02 o 0.2 04 0.6 0.8
X XK lepton plane

Definition of angles in Collins—Soperreference frame.

For MC studies we can take Boer-Mulders asymmetry as reference function via
weights, and extract this asymmetry from simulated MC data after simplified
SPD set-up with two magnet systems. The toroidal system must be checked
most thoroughly since it is a new one.
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Future DY experiments

The SPD experimentswill have a number of advantages for DY measurements related to nucleon structure studies.
These advantages include:

- operations with pp, pd and dd beams,

- scan of effects on beam energies,

- measurement of effects via muon and electron-positron pairs simultaneously,

- operations with non-polarized, transverse and longitudinally polarized beams or their combinations.

Such possibilities permit for the first time to perform comprehensive studies of all leading twist PDFs of nucleons in a
single experiment with minimum systematic errors.

Experiment CERN, FAIR, FNAL, RHIC, RHIC- NICA,

COMPASS-II | PANDA E-906 STAR PHENIX SPD
mode fixed target fixed target fixed target collider collider collider
Beam/target T-,p anti-p,p -, p pp pp pp, pD,DD
Polarization: beam, target | 0; ~ 0.8 0;0 0; 0; 0.5;0.5 0.5;0.5 0.5;0.5
Luminosity, cm™”s” 10* 10* 10% 10% 10* 10%
s, GeV 17 6 16 200 200 10-26
X1(beam) X2(targ) FANgES 0.1-1.0 ; 0.5-0.9 | 0.1-1.0 ; 0.3-0.8 | 0.1-1.0 ; 0.3-0.8 | 0.1-0.9 ; 0.1-0.9 | 0.1-0.9 ; 0.1-0.9 | 0.1-0.8 ; 0.1-0.8
qr, GeV 0.5 -4.0 0.5-1.5 0.5 -3.0 1.0 -10.0 1.0 -10.0 0.5 -6.0
Lepton pairs, u-pt u-pt p-pt p-pt u-pt p-pt, ete-
Data taking 2014 >2018 2013 >2016 >2016 >2017
Transversity PDF YES NO NO YES YES YES
Boer-Mulders PDF YES, valence, YES YES YES YES YES

hltﬂ ® hlfp)
Sivers PDF YES, n PDF YES YES YES YES YES
Pretzelosity PDF YES NO NO NO YES YES
Worm Gear PDFs YES NO NO NO NO YES
Duality, J/¥ YES YES NO NO NO YES
Flavour decomposition NO NO YES NO NO YES
Lam-Tung relation NO NO NO NO NO YES
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