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 Introduction
e COMPASS Drell-Yan measurements

* COMPASS Drell-Yan Transverse Spin Asymmetries
results

e COMPASS Drell-Yan “future arrivals”

e Summary
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THE COMPASS COLLABORATION

* Fixed target experiment

* CERN SPS North-Area
(M2 beam-line)

* First data taking in 2002

* Will run again in 2021

Phase |

« 2002 - 2011 Phase || See talks by J.

Matousek,
* Hadron Spectroscopy e 2012 - 2021 N,D'HoseuF.Kunne

* Nucleon spin * Primakoff + DVCS pilot run (2012) and A Moretti

structure (L/T p/D ,
Targets) e Drell-Yan (2015, 2018) » This talk

See talks by AMartin * DVCS + Unpolarized SIDIS(2016-2017)
and F.Kunne * Transversely polarized SIDIS on D target (2021)
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TRANSVERSE MOMENTUM DEPENDENT PDFs

In the leading order QCD parton model, nucleon spin-structure can be parametrized in terms of
8 twist-2 quark intrinsic transverse momentum (k) dependent TMD PDFs.

Nucleon Polarisation

Nucleon
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TRANSVERSELY POLARIZED SIDIS CROSS-SECTION
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COMPASS SETUP (PHASE 1)
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ECAL2
HCAL2

 High tracking power: ~350 planes (GEMs,
SciFis, DCs, MWPCs, MicroMegas, Straws);
* PID via RICH and Calorimetric
measurements;
* Two-stage spectrometer
* Large Angle Spectrometer (LAS)

« SM1 magnet (1 T - m), 6 up to £180 mrad
* Small Angle Spectrometer (SAS)
« SM2 magnet (44 T - m), © up to £30 mrad

* Data were collected simultaneously for the
two target spin orientation

* For transverse programme, the polarization
was reversed after each 4-5 days
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COMPASS SETUP (PHASE 1)
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ECAL2
HCAL2

* High tracking power: ~350 planes (GEMs,
SciFis, DCs, MWPCs, MicroMegas, Straws);
* PID via RICH and Calorimetric

measurements

VISIT'ON FRIDAY!

« SM1 magnet (1 T - m), 6 up to £180 mrad
* Small Angle Spectrometer (SAS)
« SM2 magnet (44 T - m), © up to £30 mrad

* Data were collected simultaneously for the
two target spin orientation

* For transverse programme, the polarization
was reversed after each 4-5 days

04/02/2020



SINGLE POLARIZED DRELL-YAN PROCESS

Leading order QCD parton model expression of the
Single Polarized DY cross-section
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SINGLE POLARIZED DRELL-YAN PROCESS

Leading order QCD parton model expression of the
Single Polarized DY cross-section
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COMPASS SETUP (DY)

ECAL1
HCALL  Muon
RICH Wall1 SM2

SM1

Polarized

e Enforced LAS tracking (DCO05,
PixelMicroMegas), new DAQ ...

T beam 3
* Pr- :190 GeV/c, intensity 108 1t-/s x10

COMPASS 2015 data
43 < M, /(GeV/c?) < 8.5

W

Target # of cells Polarization
NH. 2 T, ~73 %

counts/1.25 (cm)
[\®)

[S—

* Polarized DY Data takings:

* 2015 run ~4 months; »-_
* 2018 run ~6 months;

* The polarization was
reversed after each week;

NH:-

3000 —200 —100 0
Z (cm)
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COMPASS SETUP (DY
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Target
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0.2+

(1)

* Polarized DY Data takings:
e 2015 run ~4 months;
2018 run ~6 months; T

* The polarization was B r

reversed after each week; Fraction of polarizable
material in the target
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DY AND SIDIS CROSS-SECTIONS @ LO

SIDIS on transversely polarized nucleons % Pion induced polarized Drell-Yan
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COMPASS SIDIS-DY BRIDGE

SIDIS on transversely polarized nucleons Pion induced polarized Drell- Yan
COMPASS 2007, 2010 u+p' -y +h+X | COMPASS 2015, 2018 7~ +p - utu 4+ X

(@] . . s A~
@ COMPASS preliminary g COMPASS 2015 data 2
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Comparable x:Q2 kinematic coverage

minimization of possible Q2 evolution effects

Unique experimental environment to test the TMD universality
and the sign change of Sivers and Boer-Mulders!
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DRELL-YAN MEASUREMENTS AT COMPASS

l. 1< Mpu/(GeV/c?) < 2, “LOW maSS” —— COMPASS 2015 NH, data
 Large background contamination e ~ ;(idg)kd
173 . » 2 T E 5 N T v ‘
1. 2 < Muu/(GeV/c2) < 25, “Intermediate mass” O (. /4 V... V' (MC)

s Open-charm (MC)
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High DY cross section.

Still low DY-signal/background ratio.

. 2.5 < Muu/(GeV/c2) < 4.3, “Charmonia mass”
Strong J/YP signal -» Studies of J/P physics.
Good signal/background.

IV. 4.3 < Muu/(GeV/c?) < 85, “High mass”
Bevyond J/P and Y’ peak, background < 4%.
Valence quark region - u-quark dominance
Low DY cross-section
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DRELL-YAN MEASUREMENTS AT COMPASS

C{; ? —— COMPASS 2015 NH, data
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DRELL-YAN MEASUREMENTS AT COMPASS
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COMPASS: FROM SIDIS TO DY
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COMPASS: SIDIS IN DY RANGES

b 1<QU(GeVieP<s | 2>0.1 , ° h"' 16<Q%/(GeV/c)<81
- Cah [ : _ {(x)=0.238
T 005 | ¢ I aAh ]
? = [ P y ; o o ¢ I o o ¢ ' . -
Foyaanttt et anant COMPASS, | ,sin6,~) .
| . , ‘ PLB 770 :___[{T_((_p__a)___5 ___________________________
—0.05- ——4__4‘ A — N— | Sm(o + i
| 4<Q/(GeV/c)<6.25 [ [ (2017) 138 AUT e
< 00 + F ¢ | _ + ASin(3¢h_ ¢y Ay
§<5 0¥ +i‘“‘#+ joxa; m + “*,4 + + Ut I BRI B R R B
ot | A 2005 0
S e _____
[ 6.25<Q*/(GeV/cy<16 [ |
o R S % - ae AR Lt + | COMPASS
T ok .‘gt * ST + } - & | tA = 102 SIDIS 2010 NH, proton data =
: A Z ’ ’ @ """"""""""" 7 los I
~0.05" R  — = i — 0.7 i
| 16<Q3/(GeV/(‘+)3<81 1 T Lo LT S
-~ * , I + e e | |
<7 00571 ° oo = 5
- ! | ° 2 o
g 01 + # ﬂ ] ++ | #* ++ A 10; 25<Q? ' N .
< : o A + - 4<0’<6.25 'y
_0-05%_.._____E_________ - |__;‘_‘ﬂ_x_._... L -
102 107! 02 04 06 08 0.5 1 1.5 L 1<Q’<4
X Z (GeV/()
1 Ll 1 L ,"'—' 1 L | Lo 0
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e Sivers in HM range shows a non-zero signal for h+;
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DY HM TSA RESULTS: SIVERS
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DY HM TSA RESULTS: TRANSVERSITY
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DY HM TSA RESULTS: PRETZELOSITY
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DY WEIGHTED TSAs

¢ General formalism firstly developed for SIDIS [A. Kotzinian & P. Mulders, PLB 406 (1997) 373];
e |t allows to avoid assumptions on kr (e.g. gaussian),
L

Recently measured in SIDIS by COMPASS,;
Complementary way to test the Sivers sign-changel

I Soe S
_ ?}rjlgcbh $5) f1 I 2 D Asmgps f1 R X f1T,p
WTSA Azivl}(cbh—ﬁbs)ﬁ ~ 1J_7?(1) % D A;HSDS MN X fﬁﬂ_ X flJ_flg,;l)

%f 0.05- 4 S8 " COMPASS 2015+18, preliminary S
I R - e binsin x
B % . 0.4 " o bins combined ee
i 2 T < - — projection from SIDIS .
S 02l Ll dedicated
N // : B T
: MR - u quark dominance Y S - H talk by
005y  ~— |+ NoQ?evolution for : J.Matousek!
102 10! 1 Sivers =021 }
x * Sivers sign-change .
-1
1st kt2 -moment of the Sivers flTp\szms = flTp’DY 10 le

function from SIDIS data
at 02 = QZspis(x)
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COMPASS DY FUTURE ARRIVALS

~ .

TRIANSVERSE (SPHN ASYMMETIRIES EN JI/PSHE
0¥ 61 Ji/PSH UINPOLAREZED ASYMMETRILES |
0¥ 6 Ji/PSHH ABISOLUTE CRIOSIS=SIECTIHON | |
E]HJHE]IIB|H|ﬂl|ﬂlﬂ]ll|ﬂlllllllllllll
i
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TSAs IN J/v RANGE

< e : —— COMPASS 2015 NH, data
S 5 b Comb. background
o 10 e Iy (MC)
) L e v (MC)
g 104 b : —remun Open-charm (MC)
= N g - - -~ Drell-Yan (MC)
t 10% ) p " . _ Total MC + Comb. background
. 2.5 < Muu/(GeV/c2) < 4.3, “Charmonia mass” Z A
« Strong J/Y signal -» Studies of J/\P physics. 2107
* Good signal/background. - gl S
| f fﬁfﬁ%
10 %
: | | | |
4 6 8 10
2
M, (GeV/c?)

00— | S [ iceia COMPASS 2015 data &)
L Ssa f > 102 Ty Drell-Yan NH; 5
L . "~~“~ 8 R Y  An I é
_0.1F T U A — i N S Q
: ~—————— S - 4.3<M,<8.5 ‘ ’:z
r-\ ! 10" 1072 107! 1 —0.6 'S
& - e ] =
3\; _02 I T 1 4 I 05 %
< ' 105 2.5<M <43 !
=== q;=0.3 GeV/c i___-_l_l_____*i_ 7 L _: i 0.4
—0.31 emss qr=0.5GeV/c C 2<M <25
-0.4 : ' A L0 . qu.O.8 .Gewc | : <M, <2
-04 -0.2 0.0 0.2 0.4
Lol ; 0
. Xp 107 107 107" 1
Anselmino et al.,, Phys.Lett. B770 (2017) 302-306 XN
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DY UNPOLARIZED CROSS-SECTION

® General expression for the unpolarized part of the DY cross-section: Collins-Soper
dN 3 Frame
: V A
a0~ Azl 3 [l + A cos’ Ocs + L sin26¢cs cos QOcs + 5 sin’ Ocs cos2(pCS] ' E
3 Unpolarized / """" 0\\ ““““““
Asymmetries L — Al _ AC0s@cs v — 2450 2¢cs P Pocs cs
(UAs) v . H=4y U 7
* Values of A\, g and v depends on the reference frame definition.
* In the naive Drell-Yan process, the virtual photon is produced T e o
purely by the electromagnetic ¢ + ¢ annihilation. 22 |

fitto 1 + A\ cos®®

A=l u=v=0

2 |
4 \

1/0, do/dQ

® Lam-Tung relation [PRD 18(1978) 2447]: ++;;+++++ +;,+/'++
- \\‘***¢‘¢¢,¢¢,¢¢¢*+¢¢
1 — ﬂ — 2D os | \=0.96 + .04 % .06
e Reflects the spin 1/2 nature of the quarks; T T
* Analogous of Callan-Gross relation in DIS; FNAL E772 Data

(Ann. Rev. Nucl. Part.
Sci. 49 (1999) 217-253)
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UAs: NON-PERTURBATIVE EFFECT?

* General expression for the unpolarized part of the DY cross-section:

dN 3 1 7 . V .
0 A1l o3 | + A cos” Bcs + U sin26¢cscos Ocs + 5 Sin Ocscos2Qcs
e patiode T E615, * Sizable v (cos 2¢p) asymmetry
< 2f : n- (252 GeV) + W strongly dependent on gr
IS RN i Se— - PRD 39, 92 (1989) measured by different
s E_::::{::::{:::::::::::::::::::}:::::::::_5 experlments In T Induced DY
N § ! { ] * Can be explained in terms of
= o o - ' - '(Essgg/GN:\“j’)ef g non-perturbative Boer-Mulders
0?:{{}}}}}: PhYSREVLett99,0823O1 effeCt’
;! 5
05 — - NA10 hJ_q
1k | | | | | | | 3 ™ (194 GeV) + W 1 — quark .\‘kr - .\‘kr
F § } 1 ZPhys.C 31, 513 (1986)
A e T
&t ] U _
2 F ] 1 1 —
oo|5:1lszl)2|5:|;3|54 5 > hl Q(p) ® hl q(ﬂ )
p; (GeV/c)

¢ |am-Tung relation found to be violated in - induced DY !
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UAs: NLO EFFECT?

* General expression for the unpolarized part of the DY cross-section:

dN 3 1
dQ 4mx A +3

\%
[l 1+ A cos? Ocs + L sin26cscos Ocs + 5 sin’ Ocs cos2(pC5]

1E {

CMS |n| <1.0|

| ® Sizable v (cos 2¢) asymmetry

S strongly dependent on gr also
measured by different

CMS, PLB 750 (2015) experiments at colliders (CMS,
CDF)

08

0.6 -

0.4

0.2

0

—-0.2

—-0.4

= | | | | | | | | | | | | | | -
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
qr [GEV]

S ® Room for explanation in terms
) of NLO effects

NA10 * At lower energies - and much
n- (194 GeV)+W lower <gr> - the picture is far to
Z.Phys.C 31, 513 (1986) be clear - more data are
needed!

- (190 GeV)+ NH3z

qr [GeV]
Vogelsang and Lambertsen
PRD 93 (2016)
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UAs: COMPASS (FUTURE) INPUT

* Unpolarized analysis requires detailed Montecarlo to correct for acceptance effect
* Constant work to improve MC description including important features (trigger efficiencies,

detector efficiencies, etc.)

= ® COMPASS, - 190 GeV/e, NH,, 2015+2018 projected statistical uncertainties O 6 — @ COMPASS, 7~ 190 GeV/c, W, 2015+2018 projected statistical uncertainties B @® COMPASS, 7t~ 190 GeV/c, W, 2015+2018 projected statistical uncertainties
7 B NA10,7- 194 GeV/ie, W - HM  NAI10,m- 194 GeVie,W | E NAIL0,7-194GeV/e, W
€ E615,7-252GeV/e,W 4 E6151-252GeVic,W € E615,7-252GeV/e,W .
L 04 —
L ¢ L
¢ t t B ! 0> N
’ ! 02 i ¢ H3
1+ . L ¢
n n L n i L ¢ n t t
BT . O ] | f arge
L : e i i B : [ B F 4
0 - - 5o----om----0--M_._.. @ ------ b '
L | : ¢ a
i L 0 . NP TP R S @ S ICREEEEEEE e
0Or—-- @ --@----- @ L 02 ]
- | ‘ \ | | \ | L | \ |
1 2 3 1 2 3 1 2 3
q, (GeV/c) q, (GeV/c) q, (GeV/c)
< = > i
- ® COMPASS, 7t~ 190 GeV/e, W, 2015+2018 projected statistical uncertainties O 6 — @ COMPASS,z~ 190 GeV/e, NH,, 2015+2018 projected statistical uncertainties ® COMPASS, - 190 GeV/e, NH,, 2015+2018 projected statistical uncertainties
. B NA10,7- 194 GeV/e, W - HM  NA10,7- 194 GeVie,W | E NAIL0,7-194GeV/e, W
€ E615,71-252GeV/e,W 4 E615 1-252GeVic,W € E615,7-252GeV/e,W .
L 04 —
L ¢ L
i ¢ ¢ i ¢ 05+
’ . 02 + 2 \
' : : W
u z [ ] [ ¢ = L = ¢ [ ]
- n ' ] , pe ¢ ¢ , 4 '
. - om ; [ ] L
PP S S . — target
L L L [ |
i 7 L 0 S R By L R @ - ooonoenoeoonoooa
0 r—----- ®---@----@----- @------------- S SRREETEEETEEEEEEEEEEEEE 02
- L \ | | \ | L | \ |
1 2 3 1 2 3 1 2 3
q, (GeV/c) q, (GeV/c) q, (GeV/ce)

Riccardo Longo 28 04/02/2020



ABSOLUTE DY CROSS-SECTION MEASUREMENT

¢ Unpolarized data-sets from NH3 (summing over polarization states), Al (low statistics)
and W targets open possibilities for further DY studies: £10°

 Absolute DY cross-section measurement: S o aremGev<ss ’
e New input for pr dependence fit of the DY g |
cross-section in global extraction of TMD PDFs it o ]
(e.g. Bacchetta et al., JHEP 06 (2017) 081) i X
* New input for the extraction of the pion PDF T 7 1
(e.g. JAM 2018, PRL 121, 152001) o M p
* Comparison with DY cross-section simulations : g
and previous experiments oL

¢ Statistical uncertainties recently released | | t
e W data: projected

< 4 T ~ 450 ~ 300
statistical uncertainties vs E s 0277 < ¥1<0323 [ pyo 1§ [ 0323<{t<0369 [ pvwnio ]
. . S - E E E " B
DYNNLO simulation and £ ok b5 aun ERTIE | Betsdaa ;
X :‘%‘ COMPASS 2015 W target | x n COMPASS 2015 W target _|
E615 data (after energy N> 300 '—%‘ + projected statistical uncertainty N> 200? + projected statistical uncertairity|
. . . 8 r + preliminary E (8 C % preliminary 7
rescaling) in same bins of /= = o 11| B L E
| 200 Jhss H- ]
o ek ? 1 s 100 ]
10E E - —= ]
100; 7 é SOi : ;
C ] B — ]
50 — = - 1
e ol 1 —— 1
1= S U SR ST ST SN S S :

_50: lllllllllllllllllllllllllllllllllllllllllll n _SOV lll 11111111 llllll 1111111111111111 lllll
01 02 03 04 05 06 07 08 09 0.1 02 03 04 05 06 07 08 09
X XF
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ABSOLUTE DY CROSS-SECTION MEASUREMENT

¢ Unpolarized data-sets from NH3 (summing over polarization states), Al (low statistics)
and W targets open possibilities for further DY studies: «10°

e Absolute DY cross-section measurement: S GrarcmGeviss -
. . 2 - NH, targets
* New input for pt dependence fit of the DY = |
cross-section in global extraction of TMD PDFs - . )
(e.g. Bacchetta et al.,, JHEP 06 (2017) 081) : S
* New input for the extraction of the pion PDF V v
(e.g. JAM 2018, PRL 121, 152001) T A ]
¢ Comparison with DY cross-section simulations : N
and previous experiments oL M e
¢ Statistical uncertainties recently released | | t
g 1450277 < vt <0323 DYNNLO. s =189 GeV ] § 08F 0323 < 1T <0369 DYNNLO. {5 = 189 GeV
% 1'2; COMPASS 2015 NH, target { —% 07F COX SS 2015 7:
b“’% 1; e Eisfiitiicjllé\tatistical uncsertainty ; 5@ 0.6; e pf?ffaCFe(‘i statistical unée:tireltyé
g of | 1S osp | -
\/; 0.8 .
] 04F o
0.6j i 03 E
e NH; data: projected o ? i -
. . . . e ] 0.1 -
statistical uncertainties vs Eoo Bt e e
DYNNLO simulation ] o E
025701702 03 04 05 06 07 08 09 1 oo b oo o e oo b b b

01 02 03 04 05 06 07 08 09 1

X
F
Xp
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NUCLEAR DEPENDENCE OF DY PROCESS

e Unpolarized data-sets from NH3 (summing over polarization states), Al (low statistics)
and W targets open possibilities for further DY studies:

¢ Nuclear dependence of the DY process:
o EMC effect. nucleon PDFs modification when inside cold nuclear matter (EMC
collab., Phys. Lett. B. 123B (3—4). 275—-278, 1983);
e Energy loss of the pion quarks when crossing cold nuclear matter
¢ Cronin effect: dllepton PT broadenmg In cold nuclear matter

1.2_IIII|II|I|IIII|IIIY|IIII|IIII‘ IIIIIIII ]

—~ : v
z 0 14f 1.4F
= 1.1+ -
55 L ] 12 forro (W) 12
1 T e | |
17 -—t—-—:l-—-; N & | 17 Jl 1 % # # é.‘{‘ % % L{_ ll |
: 4 o : U T L
- [ +_+_ [
0.8 - 0.8~ Com 0.8~
i ] i 1 i forR=(0—W) 1
- ] , I OnH
0.7r . 0.6/ 0.6/~ A
- —— GRVxCT14 - - mNAI0 140 GeV/e (0y/0p) -+ 2015 data
- —— EPPSI6 ] -+ NA10 286 GeV/c (0y/0p) .,
o Energy loss . 04+ COMPASS 2015 + 2018 data o4l *2015+2018 data
B ] 7|\ L1 | ‘ I ‘ I | ‘ I | ‘ L 11 ‘ I | L1 7\ | | | | | | ‘ | | | ‘ | | | ‘ | | | ‘ | | | | | | |
0 6 ‘II |1 I0|2I 11 I()3I L1 IO|4I L1 I()|5I L1 I(}|6I 11 b|7l L1 IO8I |1 l()9 O 0.1 0.2 0.3 0.4 0.5 0.6 _0.2 O 0.2 0.4 0.6 0.8
X XN Xp
Arleo et al . . : .
‘ COMPASS projected statistical = COMPASS projected statistical
JHEP01(2019)129 proj Proj

error for EMC effect (W/NH3) error for Energy Loss (W/NHj)

EMC & Energy Loss effects compared with NA10 results

predictions for COMPASS (W/NH;3)
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SUMMARY

 COMPASS successfully collected Drell-Yan data in both 2015 and 2018.
« 2015 TSAs analysis in HM published !

» 2015+2018 combined TSAs analysis in HM ongoing... C021:)41PSASS Drell-Yan 4.3 <M, /(GeV/c?) <85
O
® 2015+2018 (~50%) preliminary
o ht 16<0*/(GeV/c)y*<81 “) ;
- sin(¢ | 7
A h (x) =0.238 AT S R S
sin(@ - ¢) ! |
UT sin(2¢,. .~ 9.
sin(¢h+ q)s— ) . . AT S ——
UT
Sin(3¢h— ¢S) g sin2¢_+ ¢.) |
—@— CS S |
UT ||||||I|||||| T JJJJJJJJJ;JJJ\JJJ\JJJ\
—0.05 0 0.05 02 -01 0 0.1 02
(A) 4

o COMPASS, PRL 119 112002 (2017)
e COMPASS, 2015 + 2018 (~50%) preliminary

« COMPASS SIDIS and Drell-Yan TSAs measurements represent a unique experimental
Input to study the universality of TMD PDFs!

COMPASS, PLB 770 (2017) 138

* Several other analyses currently ongoing (DY TSAs in J/Aly range, DY absolute cross-
section, DY unpolarized asymmetries, nuclear effects in DY), bulk of new results expected

In the next 2 years!

Riccardo Longo 32 04/02/2020



AKM 70

e Last, one personal thought...

My Scientific "family” tree

4

Bakur Parsamyan
"scientific father”

Daniele Panzieri 4
"scientific father” /

Riccardo Longo 33 04/02/2020



AKM 70

* Last, one personal thought...

My Scientific "family” tree

Bakur Parsamyan
"scientific father”

Daniele Panzieri 4
"scientific father” /

Aram Kotzinian
"scientific grandfather”

Riccardo Longo 04/02/2020



AKM 70

e Last, one personal thought...

My Scientific "family” tree

4

Bakur Parsamyan
"scientific father”

Daniele Panzieri 4
"scientific father” /

Happy
Birthday

Aram!

Aram Kotzinian
"scientific grandfather”
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BACKUP SLIDES




NLO ISSUES AT LOW QT

—_— - A T A
1ok NA10 E; =286 GeV - L5k \ E866 pd |

| | | |
0 02 04 06 08 1 12 14 16 18 2 22 24 26 28 3 = . = ‘ ' ' '
gr [GeV] qr [GeV)]

Vogelsang and Lambertsen
PRD 93 (2016)
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SIVERS SIGN CHANGE?

DGLAP (2016) TMD-1 (2014) TMD-2 (2013)
M. Anselmino et al, M.G. Echevarria et al,, P. Sun, F. Yuan,
JHEP 1704 (2017) 046 PRD 89 074013 A PRD88 114012
= 0% & - 006
; COMPASS, proton, h* % = 0.1 . :
e oo < h M0°E H+p— hi+X
% 5 0.05 [ 3 0_04;_
T o 0 . L 00sf-  COMPASS
N 0.02?—
002 005 | 001 ”*
: oF
° -0.1 _1 o -0.015— I + H+P%h'+fx
" \ " l . ’ / -
~ e COMPASS 2015 data e
- > CoMps sign change
- B T™D-1 [
0.1 = TMD-2 Py
\
COMPASS o - Full 2018
PRL 119 (2017) £ Y e S production to be
112002 i started soon
0.1+
: no sign change
I | L L | L | | L L
—0.5 0 0.5

Ap
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DILUTION FACTOR

| COMPASS 2015 data | 4.3<M ,,/(GeV/c?)<8.5|
02+F
;\ o® ... .."0'00 I ’ ..."00 ° 00"'. ) e00® ® o °
0.15¢
T 10 02040608 0511525'5”""'5""6"”7”"
Xy X, Xp q. (GeV/c?) M, (GeV/c?)
DY
I B Reconstructed events n O-
- Events fr0nI1 1™ ccl]I f — H T — H
g - Events from 2™ cell
1000 — F.vcn:s from LHe gap nH O-DY —I_ ZA nA 0-7?_}/;4

- Events from LHe upstream 1" cell
. - Events from LLHe downstream 2™ cell
= - . .
= 10000 * The dilution factor accounts for
E - the fraction of polarizable
S - material inside the target volume.

5000{— ]
- * |t Is corrected to account for the
- migration of events from one

v
‘—
I o I =

—??0 —200 —?80 -260 -240 -220 -200 —180 -160 —140 ~120 Ceu tO the cher (Obtalned Wlth
z, (cm) MC simulation);
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TSAs EXTRACTION

do 1 2 1 2 - f(GCS)
d_QOC(FU+FU)(1+AUCOS QCS) D[f(ecs)]_ 1—|—A%JCOSQQCS
(1+D 0320cs 008 200, + D, S0 COS (- ,
[sin” Gcs | Ay Pes ¥ Dpsnzo ) Ao Pes « Al five DY TSAs are extracted
_A;inq’s sin @ | simultaneously using an extended
sin(pos—05) > Unbinned Maximum Likelihood
Ar Sin ((DCS - ¢S) : ,
X 3 +D[Sin 205] " ) > estimator;
+ S, + A sin (@ + @) « Depolarization factors are evaluated
sin(200s —05) - under assumption Al =1
A; (ocs=e )Sln(2¢cs _¢S) . P . .U
+D[Sin2 bes in(2peg04) - * Possible scenarios with A}, # 1 were
Cs 4 AT Pcs tPs sin ( 2 (DCS + (05 ) . . .
\ ; 4 evaluated , leading to a normalization
uncertainty of at most 5 %;
F COMPASS 2015 data | 4.3<M ,,/(GeV/c 2)<8.5
~A | — 8 Sssssse : — : o8888088 & ® 1+cos26 ° sinZ0 ° sin26
@/U . ...oo" ; R TP " 14Acos’® 1+A cos’®  1+A cos’®
2 osf i ®)=10 ®)A=08 A=0.5
O —-otemsese |- -eesatarse
107! 1
AN Xp
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TSAs : HIGHER TWIST

. (Fl} +FUz)(1+A[1, cos’ GCS)
a \ COMPASS Drell-Yan 43 <M, /(GeV/c2) <8.5
I+ D[sirﬁ Ocs | AICJOSZ%S COS 20705 + D[sinZHCS] AICJOS%S COS Pcs o 2015 o
. _ ® 201542018 (~50%) preliminary
A" sin @ |
sin - . sin((l) + q) )
A (Pcs—os) Sm(¢cs _¢S) AT cs s °
X +D[Sm2‘9CS] sin( 4 ) . (
+ S, + AP sin (@ + @)
sin - . SiIl((I) - q) )
A (2oes0s) Sm(2¢cs _(DS) AT = | °
+D[sin20p5} sin(2005-+05) - S BRSNS SNSRI RN ENTERT I BRI
L L AT sin (200 +95)) | 02 =01 0 01 02
A
0.5 FCOMPASS Drell-Yan| 02015 | 43<M,,/(GeV/c?)<85 |
o % ¢ 201542018 preliminary
A r TR I .
< TURR AR y gher tw
| jt e Two higher twist
osf Wl | 2 m m | R A . @ asymmetries;
107! 107! 020 02040608 1 2 3 4 5 6 7 8
XN Xy X q, (GeVic) M, (GeV/c?) « Extracted
0.5 -COMPASS Drell-Yan| 02015 | 43<M,,/(GeV/c?)<85 | ﬂ I Slmul.taneo_usly
= ¢ 201542018 preliminary } H together Wlth the
g % % { % H % % J@ % other three TSAs;
T ol ST S | S O ) A | S
< T
_0’5;“‘“1-‘H‘H_Hum . 1F1_1|HJHHMH|1HH|HHxHH|HH|HHxHHxHHyHH|H
107! 107! -020 02040.60.8 1 2 3 4 5 6 7 8
Xy Xe Xp q_ (GeV/c) M,,,, (GeV/c?)
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