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OUTLINE

« the COMPASS experiment

 results from SIDIS off unpolarised deuteron

- hadron multiplicities vs p,?
* hadron pair multiplicities
- azimuthal asymmetries

Como, June 12, 2013 Anna Martin




the COMPASS spectrometer C‘ﬂyﬁ'

* high energy beams two stages spectrometer
« large angular acceptance Large Angle Spectrometer (SM1)
* broad kinematical range Small Angle Spectrometer (SM2)

variety of tracking detectors

to cope with different particle flux from 6 =0 to 6 = 200
mrad with a good azimuthal acceptance




the COMPASS spectrometer C@WS
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Angle Spectrometer (SM2)

* high energy be:
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the polarized target system (>2005) COMEASS

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

T solenoid 2.5T
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acceptance > *180 mrad

3 target cells
30, 60, and 30 cm long

opposite polarisation
d (°LiD) p (NH,)
polarization 50% 90%
diliution factor 40% 16%

no evidence for relevant
nuclear effects (160 GeV)



COMPASS data taking COMPASS

2002

20( SIDIS with L& T polarised deuteron (6LiD) 160 GeV
2005 CERN shutdown / spectrometer upgrade

2006  SIDIS with L polarised deuteron 160 GeV

2007 SIDISwith L& T polarised proton (NH,) 160 GeV
2008 / 2009 hadron spectroscopy

2010 SIDISwith T polarised proton 160 GeV

2011 SIDIS with L polarised proton 190 GeV

2012 Primakoff / DVCS test (LH,)
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results from SIDIS off unpolarised deuteron

hadron multiplicities vs p,?

released in 2010, Spin-Prague
sent for publication
CERN-PH-EP/2013-052 hep-ex/1304.0952
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hadron multiplicities vs pTz

hadron multiplicity per interaction:
differential SIDIS cross-section / differential DIS cross-section

d*n"=(z. pt.xp;,0°) AN (2 p7 ). 0%) [ (AzAp7 Axp AQ?)
dzd p* Avg AQ? A2NH (xp;, 02)/(Axp;AQ?)

P rtransverse momentum of the hadron wrt the photon direction
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hadron multiplicities vs pTz

hadron multiplicity per interaction:
differential SIDIS cross-section / differential DIS cross-section

d*n"=(z. pt.xp;,0°) AN (2 p7 ). 0%) [ (AzAp7 Axp AQ?)
dzd p* Avg AQ? A2NH (xp;, 02)/(Axp;AQ?)

P rtransverse momentum of the hadron wrt the photon direction
it is due to k. and p.

P, distributions give
information on
k. and PL
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hadron multiplicities vs p,° COMPASS

SIDIS data collected in 2004 with SLiD target

event selection 0? >1 (GeVic)?

0.1<y<0.9
W > 5 GeVlc 45.8x106 DIS events
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hadron multiplicities vs pTZ

SIDIS data collected in 2004 with SLiD target

event selection 0’ >1 (GeVic)?
0.1<y<0.9
W >5 GeVic

23 x, 0’ intervals
1 < 0? <10 (GeV/c)?
0.004 <x<0.12

8x40 z,p; intervals

Como, June 12, 2013
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hadron multiplicities vs p,? £l

V]
SIDIS data collected in 2004 with SLiD target -

event selection 0’ >1 (GeVic)?
0.1<y<0.9
W>5GeVic 45.8x108 DIS events

23 x, 0’ intervals
1 < 0? <10 (GeV/c)?
0.004 <x<0.12

G oo e e |

8x40 z,p; intervals

. -2 I I — -1
in each of them 10 10

d*n"* (Z, p%,xij QZ) ~ A*N"= (va%prjv Qz)/(AZAP%AxBjAQz)
dzd p> Aty AQ2 A2NH (xp;,0?) /(Axp;AQ?)

4d acceptance corrected
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hadron multiplicities vs p,? COMPASS
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hadron multiplicities vs pTZ
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hadron multiplicities

Vs D
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hadron multiplicities vs p,° COMPASS
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hadron multiplicities vs pTZ
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strong dependence on kin. variables



hadron multiplicities vs pTz

Z dependence

usual assumption:

(p1)q+2(k1)q

I I
constant and flavor independent

. Boglione,1 S. Melis,? and A. Prokudin®
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hadron multiplicities vs p,? COMPASS

Z dependence
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should be taken from other measurements
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all known properties of jet fragmentation

Como, June 12, 2013 Anna Martin



hadron multiplicities vs p,? COMPASS
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results from SIDIS off unpolarised deuteron

hadron-pair multiplicities

Como, June 12, 2013 Anna Martin



hadron pair (h+h-) multiplicities

main motivation:
transversity from
hadron pair transverse spin asymmetry

Q

4:3111(UR+US) bm{?(q v, 2. My Q) |R| Zq q h{

- “var, >, €2
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hadron pair (h+h-) multiplicities COMPEASS

SIDIS data collected in 2004 with SLiD target

event selection 0? > 1 (GeVic)?
0.1<y<0.9
W > 5 GeVlc

hadron selection: as for the transverse spin asymmetry measurement
—> Christopher Braun

27, 2,>0.1
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hadron pair (h+h-) multiplicities

COMPASS
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hadron pair (h+h-) multiplicities COMPEASS

first measurements in M, , 7z=7,%z,, Q° bins

SPIN2012
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hadron pair (h+h-) multiplicities COMPEASS

first measurements in M, , 7z=7,%z,, Q° bins
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hadron multiplicities

COMPASS

future

from 2006 SLiD data

e

Charged pion multiplicities vs (x,y,z)
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hadron multiplicities

COMPASS

future

from 2006 SLiD data

e

Charged pion multiplicities vs (x,y,z)
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results from SIDIS off unpolarised deuteron

azimuthal asymmetries

Como, June 12, 2013 Anna Martin



azimuthal asymmetries

do
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azimuthal asymmetries
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azimuthal asymmetries COMPASS

SIDIS data collected in 2004 with SLiD target

event / hadron selection W > 5(;61;/62

Q? > 1GeV?
0.003 <z <0.13
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azimuthal asymmetries COMPEASS

SIDIS data collected in 2004 with SLiD target

first results for h* and h- separately presented at Transversity2008
paper in preparation

Como, June 12, 2013 Anna Martin



azimuthal asymmetries COMPASS
SIDIS data collected in 2004 with SLiD target

first results for h* and h- separately presented at Transversity2008
paper in praparation
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h- compatible with zero
h+ slightly positive signal higher twist

Como, June 12, 2013 Anna Martin



azimuthal asymmetries COMPASS
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azimuthal asymmetries
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azimuthal asymmetries - cos ¢
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azimuthal asymmetries - cos 2¢

. 2 . . 1.2 _ . 1 3
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2( cos (2¢y,) »

azimuthal asymmetries - cos 2¢

M. Boglione,' S. Melis,* and A. Prokudin®
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azimuthal asymmetries COMPASS

- multidimensional analysis

T z Pl (GeV/e)
0.003 0.20 0.10
0.012 0.25 0.30
0.020 0.32 0.50
0.038 0.40 0.64
0.130 0.55 1.00

0.70
0.85
4 6 4
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azimuthal asymmetries - cos ¢

COMPASS°LiD (25% of 2004 data) preliminary

COMPASS

0.130

1

e

=y
1

0.038

cos ¢,

0.020

cos 0,

o
(2]
T

0.012

uu
cos ¢,
>

0.003

0.2 0.4 06 08

0.6 0.8

02 04 086 038

02 04 06 08

0.6 0.8

0.2 04 06 08

P} [GeVic] P [GeVic] P [GeV/c] P! [GeVIc] P! [GeVIc] P" [GeVIc]
0.20 0.25 0.32 0.40 0.55 0.70 0.85
Z

Como, June 12, 2013

Anna Martin



azimuthal asymmetries - cos 2¢ COMPASS
COMPASSLID (25% of 2004 data) preliminary
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azimuthal asymmetries COMEASS

z dependence

0.2<z<04 0.4<Z<0.85
= ® lowZ h+ cos Y ® highZ h+ cos
B ® |owZ h- cos " ® highZ h- cos
[ o =
U T 0F
N (] N
-0.02_— . [ ] —0.02_—
ACOS ¢ 004 [~ & - -0.04 - -
n ® n ® - r
-0.06|— -0.06 - = . & *
u B & s
-0.08|- -0.08- e 4 .
- P | 1 1 R e | 1 - 1 P S | L |
102 10 . 10 107 .
X X
® |owZ h+ cos ® highZ h+ cos
0.04= ® lowZ h- cos 004 | @ highZ h- cos
0.02F- 0.02f~
of 4 * oF
& [ o
-0.02F -0.02F
-0.04F : -0.04 - :
-0.06f- ¢ -0.06F $ » "
5 o E 3]
-0.08 -0.08f—
0.1 0.1 @)
-0.12F 012
L T PP ST PR R PR I 1 il '0‘14__....|....|....|....|....|....|...,|....|....|....
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
P.h™ P ™
- T T

Crmn hhine 19 29201 Anna Martin



azimuthal asymmetries COMPASS

z dependence
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azimuthal asymmetries COMEASS

z dependence
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azimuthal asymmetries

z dependence
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azimuthal asymmetries

different dependences for
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conclusions COMPASS

COMPASS has produced interesting and “intriguing” results
on SIDIS off unpolarised deuteron

« hadron multiplicities vs p;?

« hadron pair multiplicities

« azimuthal asymmetries

next steps: results on
« hadron multiplicities vs p;?
* hadron pair multiplicities
from 2006 deuteron data, with PID

on a longer time scale
« hadron multiplicities vs p;?
* hadron pair multiplicities
« azimuthal asymmetries

from SIDIS measurements with LH target,
in parallel to DVCS (2016-2017)
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