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The spectrometer and polarised target for the Drell-Yan experiment
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The Drell-Yan (DY) Kinematics

Quark-antiquark annihilation with s=(p + pb)z Total centre-of-mass energy squared
dilepton production : .

X =2 -q) Momentum fraction carried by a

T (pa) a - a (b) a (b) quark from the beam (target) hadron

> ~~~m_§ﬁ(ka) v (@) 7 H X=X =X, Feynman variable
;:::?W:iﬂ X M; =q¢"=sxx Invariant mass squared of the dimuon
9 Ko Transverse momentum of the quark

P(pb’ ) =k tk, Transverse momentumt of the y*

* The angular distribution of DY events is:
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[1 + Acos’0@ + nsin20cos¢ + gsinZQCOSZQb]

In the collinear hypothesis, 1.e., when kT =0,we have A=1,n=0,v=0. However, past
experiments (NA10 and E615) have measured a modulation of cos 2¢ up to 30%

L For a proper study of the nucleon structure, the intrinsic transverse momentum (k) of
quarks must not be neglected




Leading Order (LO) description of the nucleon structure
(when the intrinsic transverse momentum of quarks, k_, 1s also taken into account)

* In the Drell-Yan experiment we will access 4 of the TMD PDFs:
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The polarised Drell-Yan cross-section

e For a transversely polarised target, one can calculate the cross-sections asymmetry
between the 2 spin configurations. Written in terms of azimuthal asymmetries, the DY
cross-section for an unpolarised beam and a transversely polarised target is (in LO):

General formula: S. Arnold et al, Phys.Rev.D79(2009)034005
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Interpretation of the azimuthal asymmetries

e The 4 asymmetries in the DY cross-section can be measured at COMPASS by fitting
the corresponding (@, @,) distributions.

— A;”??: the Boer-Mulders function of both hadrons ( )

— A3"?? : the density number function of the beam hadron with the Sivers function
of the target nucleon ( )

- A;i”(z"’ *99 : the Boer-Mulders function of the beam hadron with the pretzelosity
function of the target nucleon ( )

— A% %/ the Boer-Mulders function of the beam hadron with the transversity
function of the target nucleon ( )

All asymmetries are expected to be large in the valence quark region
(COMPASS X > 0.1)



Universality of the TMD PDFs: SIDIS vs DY

N

The resummation of all soft gluons in a k; dependent PDF is process dependent. This procedure,
which is essential to provide the gauge invariance of a PDF, leads to the existence of T-odd
functions such as the Sivers and the Boer-Mulders PDFs

[1 To provide the time invariance, these TMD PDFs need to change sign between SIDIS and DY:

£9(DIS) = - £7 (DY) h “(DIS) = - h7(DY)

* The sign change observation is a crucial test of non-perturbative QCD (the TMD approach)

- By studying both processes, COMPASS has previledged conditions to confirm (or deny) the
sign change and also to compare the shape and amplitude of 1 i between SIDIS and DY




SIDIS and Drell-Yan at COMPASS

* In COMPASS we have the unique opportunity to perform, using the same spectrometer
and transversely polarised target, both the SIDIS and the DY measurements:

Q% vs. x at COMPASS
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There is a phase space overlap between the two measurements!



COMPASS result on the Sivers asymmetry from SIDIS

COMPASS 2010 proton data
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* Interpretation of the Sivers asymmetry in SIDIS and in DY:
Requires knowledge on fragmentation functions to extract flf
SIDIS DY

2 L(1) R0 2 (1)
Agivers X 24 quz;'f' (= ;Q:':]/ Ac. o EE!’J eqfia(@1)fir,’ (22)
ivers Yo g eafi(x)Dg(=z) Sivers 2 g ez fig(z1) f1q(z2)

A




J/Q studies

The following studies will be performed at COMPASS:

* Verify the duality hypothesis, 1.e., /U « DY — Study if the gg fusion mechanism of the
J/P production is dominated by the qq annihilation mechanism ((@ COMPASS kinematics)

7T_pT S JIYX »pupu X o 1T_pT — y*X S uu X

* In case of duality, one can also perform:

— The study of the polarised J/ cross-section
— The extraction of TMD PDFs with much larger statistics

* Study the J/P production mechanisms by varying the beam energy (from 100 GeV to 280
Gel), 1.e., the qq annihilation vs gg fusion:

- It may provide the possibility to study the gluon Sivers function — related to the
gluons orbital angular momentum




Signal and background
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 The combinatorial background is suppressed by the use of a hadron absorber with low Z
material (4/,0 ): minimises the muon multiple scattering and maximises the hadrons stopping
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COMPASS acceptance for Drell-Yan events
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Expected rates and statistical precision

« With a beam intensity of [ =6 x10"s", a luminosity L= 1.2 X 10™ cm™s can be

cam

obtained. With this luminosity, we expect:

- 900 events/day (=250000 events/year) from DY in4 <M <9 GeV/c?
— 4300 events/day (=1.2 x 10° events/year) from DY in 2 < MHH <2.5GeV/c?

— 22500 events/day (= 6.3 x 10° events/year) from DY +J/W in 2.9 < MMH <3.2 GeV/c?

* The expected statistical error in the asymmetries is:

Asymmetry Dimuon mass (GeV/c?)
uncertainty 2 < My <25 | Jbregion | 4 < My, <9
§ AT 0.0026 0.0014 0.0056

§ A S 0.0065 0.0036 0.0142

§ A 2etes) 0.0131 0.0073 0.0284

§ ASn2e—es) 0.0131 0.0073 0.0284




Comparison of the asymmetries with theory predictions
(Theory update is needed to take into account the Q* evolution)
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Feasibility of the measurement

* The feasibility of the measurement was proved by several beam tests:

- Verification of the absorber effect and spectrometer response (including the [ trigger) v

— Verification of the radiation doses v~

- Validation of the expected J/W yields (2009) ¥ — 3 days of data taking using a TT beam
of 190 GeV/c on an unpolarised 2-cells polyethylene target. The setup included a prototype
absorber made of concrete + stainless steel and a beam plug made of steel discs
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Competition and complementarity

* Worldwide plans to study TMD PDFs via the polarised DY process:

Facility type s (GeV?) | timeline

RHIC (STAR, PHENIX) collider, p'p 2002 | > 2016

J-PARC fixed target, p—' D 60 -100 | > 2018

FAIR (PAX) collider, p! p! 200 > 2018

NICA collider, p' p!, D' D! 676, 144 | > 2018
COMPASS fixed target, 7= H—!, 7= D! 357 2014

COMPASS aims to perform the first polarised DY experiment in the world




Summary

The opportunity to study, with the same spectrometer, the TMD PDFs from both
SIDIS and Drell-Yan processes is unique at COMPASS

- In particular, the sign change in the Sivers and Boer-Mulders functions when

measuring in Drell-Yan or in SIDIS will be checked (crucial for our current
understanding of TMD PDFs in non-perturbative QCD)

The experimental acceptance of COMPASS covers the valence quarks region,
where TMD effects are expected to be sizable

The feasibility of the measurement was proven after a series of beam tests

The polarised Drell-Yan measurement will start by the end of 2014 with a short
beam test. The physics run will take place in 2015. A second year of data-taking
is also planed, possibly in 2018

— With 2 years of data it will be possible to study the TMD PDFs as a function
ofx andp_



	Diapositivo 1
	Diapositivo 2
	Diapositivo 3
	Diapositivo 4
	Diapositivo 5
	Diapositivo 6
	Diapositivo 7
	Diapositivo 8
	Diapositivo 9
	Diapositivo 10
	Diapositivo 11
	Diapositivo 12
	Diapositivo 13
	Diapositivo 14
	Diapositivo 15
	Diapositivo 16
	Diapositivo 17
	Diapositivo 18

