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1. Hadron structure and excited states
. Light quark spectroscopy — news on resonance parameters
. ChPT test: chiral anomaly
2. Nucleon structure with muon beam
. Longitudinal / transverse spin structure functions
. Proposal for transversely polarised deuteron run in 2021
. Multiplicities
3. DVCS and DVMP
. Exclusive ®and GPDs (2012 pilot run)
. DVCS — analysis progress for 2016+2017
4. Drell-Yan
. First polarised Drell-Yan experiment 2015
. Status of 2018 run
5. First test results for proton radius measurement
6. New hardware and technology
7. Lol —fixed target experiment at SPS M2 line beyond 2020
8. Summary
skipped parts: X(3872)-like state, Lambda production, part of azimuthal

asymmetries etc...... (cf. Annual Report)
7 June 2018 Jan Friedrich 2



~240 phyS|C|sts 12 countrles + CERN 24 mstltutlons

7 June 2018 Jan Friedrich




P

COMPAS

4
]

-
1

J/
/
y/

@ COMPASS Spectrometer at SPS M2 beam line (CERN)

comMPAss [N

| 1000 mm |

Versatile apparatus to investigate QCD:
Two-stage COMPASS Spectrometer _
1. Muon, electron and hadron beams with M
momenta 20-250 GeV and intensities (]
up to 108 particles per second '
2. Solid-state polarised (NH; or LiD), liquid hydrogen —
and nuclear targets == [ > [« || &
3. Powerful tracking (350 planes) and PID systems —
(Muon Walls, Calorimeters, RICH)
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COMPASS QCD facility at SPS M2 beam line (CERN) ¢f’b§u/3‘§
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Physics with hadron beams: meson spectroscopy Coym

]
main results

2008-2009 data taking, 190 GeV/c

2

PHYSICAL REVIEW D 95, 032004 (2017) published in 2017: PRD 59 pages
Resonance production and 7z S-wave in 7~ +p - A T A" + Precoil

at 190 GeV/c

0_43_“06 D — P70 hadron beam on a hydrogen target
_ al(1260)l _ I
L oaf L0 3 data sample ~50 million events
st = 10x to 100x previous experiments
< 0af 7(1670) < allows for fine binning in masses and
. £osf /(980 momentum transfer
0.1+ | lf2(1270)
: [ AUSOT partial-wave analysis in 3r7-mass slices,
% 1 s 2 25 "Tos 1 15 2 detailed understanding of the 2mr-isobars
m,_ [GeV/c?] e [GeV/c?]
| m,, — 1672 MeV/c?|< 100 MeV/c?
770
(il m 9 lJ;)(980)
t ’

$f2(1270)

[(GeV/c2?]

2
ot

m

Precoil

p
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Physics with hadron beams: meson spectroscopy ffc;MP 'S

i
‘ main results \ 4

%10° 00" [;wr]CJH TS %10° oot [;wr]DH TS
i 0.100 < ' < 0.141 (GeV/c)’ [ 0.100< ' <0.141 (GeVieY]  example: partial wave for m(71800)
of 0.96 < m,__.< 1.00 GeV/c? [ 140 <m,_ . < 1.56 GeV/c?
‘{\‘: ._ ++ o 6 — +
> L S t investigation of 21 isobar structure
| + L . .
= W =i f reveals contributions from f,(980) and
E_\ s . + +++ ' ; : t f0(1500)
% i + E’ i +Jr
E | + 3 2r -
= ok =R po recently accepted: paper on partial-
_ ’ _ . = |  wave fits including 31 resonances,
T e E e A s e e PRD 75 pages
m, [GeV/c?] m,, [GeV/c?]

Light isovector resonances in 7 p - 7z~ 7~ z*p at 190 GeV/c

%10 0‘*0*}%(980) TS [0‘*0*}%(980) m S]— [0 p(770) & S] [0‘*0*}‘(‘)(980) x §] - [2771 £(1270) 7 S]
L 0.100 < ¢ < 0.113 (GeV/cY [ 0.100< £ <0.113 (GeV/c)? 3000 0.100 < r' < 0.113 (GeV/e)?
[ Model curve 300} I
. L Resonances #’f [
‘5L 15F Nonres. comp. - H
N - - 200 |
2 - 200 - -
E : i [ = +I|| 0
8 10F = | 2 ol o
~ - < [ s 100
z | S 100F S T ~
2 : [
= 3 - oF
=0 or [
P NP B B B —10'0-—....|....|....|....
0.5 1 . 0.5 1 1.5 2 25 0.5 1 1.5 2 25
my, [GeVlc’] m, [GeV/c?] my [GeV/c?]
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Physics with hadron beams: meson spectroscopy ¢6MP 'S

il
main results \ 4
~—
Light isovector resonances in 7 p - 7z~ 7~ x*p at 190 GeV/c
08 T O resonance parameters with
: iew || -um| - Unprecedented precision and
o6 n| _os . 1 systematic investigations:
S | T 6 a-like and 5 mr-like states
% oa- — . % 0.4 .
= 0 : S, ' broad spin-exotic 17,(1600)
02 / 02
r CL . 0.1 r
[ v ee it .. further investigations of the
1.2 14 1.6 1.8 2 1.2 1.4 1.6 1.8 2
Mass [GeV/c?] Mass [GeV/c? a,(1420) found by COMPASS:
triangle amplitude consistent
with Breit-Wigner
10° ' p(770) 7 P LI1" p(770) 7 P] - [17°0° p(770) 7 S] w10 10" [(980) 7 P
1= 0.724 < 1 < 1.000 (GeV/c) r 724 < 1" < 1.000 (GeV/icy r 0.100< 1" < 0.113 (GeV/cy f =
| Model curve 100 | I Model curve o)
- Resonances } } —_ 3 Resonances [
3:7 | Nonres. comp. 'é F Nonres. comp. ""(1260) N
2 { 0 \ =z i (980) <
= B0 fh i = r y010f
g 3 r el e 'ﬁ”}l ! & 2- o Triangle graph
< 02 <-100] o i > |
z =T e L
= 2[)[): = i }H{H — IF:“e \ - w
IAIE > 48 2. O U _300b I R R PO e Y :Hw“’bquw{ﬁ“"}wﬂ” ' Abs
0.5 1 1.5 2 2.5 )8 1.5 2 2.5 0.5 1 1.5 2 2.5
m,, [GeV/c?] m,, [GeV/c?] m, [GeV/c?]
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@ Measurement of chiral dynamics in COym
A reactions 1t y*) > 1t (nm) _/’

Primakoff data samples:
T -nucleus scattering at lowest momentum transfers =» Ty reactions
- 110 final state: low-energy part dominated by the chiral anomaly

m + Nisx + =% + Ni

cournts
=]
2

COMPASS 2012
COMPASS 2009

il L |
0.4 0.8

0.8 1 12 14 1.8 Do Lo

. 2 0.3
(shown last year) ™

[ III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II

Analysis progress: background subtraction (1 ¢ 119)
fit to theory (M. Hoferichter et al, 2012)
under investigation: luminosity determination

7 June 2018 Jan Friedrich 13
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(SI)DIS longitudinal | — Final results coMpASS
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B double-spin asymmetry A;% and longitudinal spin structure
== function g,¢ all-deuteron data PLB 769 (2017) 034.

— Together with the results on the proton spin structure function
g,P , these results constitute the COMPASS legacy on the
measurements of the g, structure function.

§ all-deuteron data Ag/g_final result
EPJC (2017) 209

function g,P of the proton at small values of x and Q?, Phys. Lett. B 781 (2018) 464

oy 0.08 - o COMPASS, 160 GeV < 0.1 o 160 GeV
- = COMPASS, 200 GeV 7
0.06- « SMC, 190 GeV + - = 200 GeV
- ¢ HERMES, 27.5 GeV [
0.04- % % 0.05 B ({) 4 + +
- - &
0.02 g LK of EEL AT ALLRT! %nn |
*%?qu”ﬁ H : T : T
0: l : ] [Tt -
-0.02|- -0.05 -
00— ] Y e I
—4 -3 -2 0 50 100 150 200
10 10 12 v (GeV)
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http://wwwcompass.cern.ch/compass/publications/papers/locked/journal/2017_plb769_034.pdf

SIDIS transverse & longitudinal

We continue to scrutinize polarised SIDIS data by
studying various target-spin-dependent azimuthal
asymmetries.

The general expression for polarised SIDIS cross-
section contains 6 LO and 6 sub-leading asymmetries

LOLSA/TSA twist-2: PDF ® FF

sin(2¢y,)

; Llqg Lh
Avr hip ® Hig
A q D/l
<ALL 9I1L & 1 lq
sin(¢;, —¢g) -1gq h
"_ll"l‘ j]’l' ®Dl‘1
sin(¢,+¢g—m) q Lh
1Sin(3¢, —¢s) lq Lh
2 hil @ Hi:
1co8(@p—0ds) q h
Apr 917 ® D14

S
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SIDIS longitudinal Coyirss

longitudinal target-spin-dependent asymmetries (LSA)”-,_ J

s

u_ﬁ;_iﬁ‘:’:r_&:'m i B[ z>02 g
ﬂ:d oaf / N }

02; e [ A ! . . . .
e et final results for the longitudinally polarised
I R ™ R proton target (2007 and 2011 Runs).

006 » COMPASS preliminary z=02 h

- o HERMES FLE 622{2005) -rescaled . . - -
agomt uﬂ error bars: statistical uncertainties

L i * * { : systematic uncertainties indicated by colour
T T bands

omf
e o e e o _
S — _ T T— compared to the similar studies presented by
P 1= e HERMES and CLAS, our results are
-q: F I F i L I 11 )i A lf +T+ { 1 1ol
Tt pdadigh betrtary characterised by an unprecedented precision,
—oos} g ] covering a much wider kinematic range
1w0* ml" . - mlr‘ w0t x
. Q'I?Dzw:ﬁ:m ] z>01 b
ﬁj G.HS:—---mmmm]E
< £
SO SO
005
01 il L ] L
10* 107 . 10 107 .
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SIDIS transverse ff
New approach continued: weighted asymmetries \

2

<13 - COMPASS 2010, preliminary S - s U
< 0.15F e SIDIS, i 10057 ——d
&= [ 0O SIS A " I
50 — LT
< 0.1} e .
i 0 _l- - : . $
0.05F - B\
S IS SR \
0__& -# % . i e
:..l... te ' -0.05~
10 107 10" 1
X
(pr-/=M) > qf“l (z) - Di(z) Important: large statistics, good acceptance.
AGD T (2,2) = 2 % ) DI() Allows to extract first moment of Sivers
q 't]' 1
1), A2 P2 L 2
I, = ; I, N .
Work in progress: fir (@) f hTQMZfIﬂ Q)

analogous analysis for weight P+/M
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SIDIS transverse
Proposal for 2021: transverse-deuteron run

c_:C: 0.4 n cl-;__: 04 n '
C present - projected
0.3~ 0.3
- Uqy -
0.2F Thy 2 _% 0.2
0.1?— 0.1?—
of of
-o.1f— b -0.1?—
-0.23— -0.23—
: zh{" :
-0.3 -0.3
_0.4:I IIIII| | | | IIIII| | | | I _0.4:I IIIII| | | | IIIII| | 1 I I N
_2 1 _ _
10 10 x] 1072 107" x]
For a precise determination of the Collins foLoa Lk
functions for u and d, COMPASS is currently = .
lacking an adequate data set with transversely & i - ]
polarised deuteron target. .
o ® I o o o °
recently recommended by SPSC for approval e
S I
1r|) I 1(1 ! I1I0|*3 1(!*'
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SIDIS (kaon) multiplicities

%

Charged kaon multiplicities (2006 160 GeV 6LiD) — published in PLB 767 (2017) 133
The 3-dimensional data set (x, y and z) = important input for NLO pQCD analyses
of the world data in terms of FFs.

o HERMES and COMPASS data are in tension
= COMPASS . .
4 [ omHERMES Can not be explained only by the different Q2range
S
N - -
015 o ° * & F o o [ x=0.03, Q°=1.6 (GeVicP
B i U's;_t{;):ﬂ.uaﬂ.{mﬂ.s[Gew‘c? 1::_{' ¥ ¢ {' { 08;_
°°°o . % D_Ei_-{x):u.us4.<o?3=4.a[Geu.-'c? 1:: 05;.-i___—___—_t_____f_j_______i_______ii_i____-_?
0.1_— - ‘oo o 0 | 0_43_ ' "0 085 09 005 0_43 . T == — ]
1072 : E— ..].[;_] : E— Hll 0-32_ ] 0-32_ ...... LO DSS [}
x C W . F —— LEPTOMC 3
o ' : O2F T Nooewss
F . ' . —— NLODEHSS,D, -0 *
0.1 ‘ 01F “
UZI — I[]_|8I — I[1{'?!5I — IO.lgl — I[]_QE om—— I[Jl.E!I — I[J_|85I — ID!QI — I[]":]5
results on the kaon multiplicity ratio K-/K*, at high < [ o 0T
61— ®  0.85<2,,<0.85
z, 0.75 < z < 1: our data go far beyond the LO - L 085:z,,<090 }
upper boundary value of (u+d)/(G+d) calculated at L e * b
x=0.03 using MSTWOS8L as well as beyond the “r Jode!
actual predictions of the ratio using Lund model or I ! n
LO DSS fit. Recent finding: dependence on My 02, ﬁi it
1
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http://wwwcompass.cern.ch/compass/publications/papers/locked/journal/2017_plb767_133.pdf

< > =L
S C_AMERA"-recoiI proton/detector:
Y& i stirrounding the 2.5m long
e LH2 target
8 - —
1) | DVCS: pp=2 n py

WL} I»l'\

Deeply Virtual Compton Scattering — analysis
progress for 2016/17 data

2012 pilot run: u*/p- data taken

with different intensities by a

factor of about 2.5; luminosity

determination became only

reliable on the level of 10%

2 measurement in 2016/17
with equalized intensity

F, and p*/p- comparison 2016:
close to a few %

p Y
MT 0.010 < ij <0.014 MT 0.014 < ij < 0.020
. 0.7 . 07
w C s Parametrizaton w C ¥ ® Parametization
: : : . b ! o C g6 ¥ 3 . hdom
refinement of calibration: T - oef- $0e S
@é Acceptance - ° [ o Acceplance u-
ECAL2 M,, i g ®
e (Eies &750796] o5 o5k
= B i - ;
4,_\& Iy 0.4 ; ; f 04f- § P i
: - - i
b ‘rﬂk - I r ¥
S _}:r\l 03y s I S\ AL {J_aii : il ! L g t
s _
S L L] o
""&.\__\ {],2:— . 0,2_— ®
) P E N E N B R B L L P S E Y N L
IIIIII 1 12 14 16 18 22 24 1 15 2 25 3 35
M (oo Q* [aev’] Q*[Gev?]
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Generalised Parton Distributions — analysis of
2012 data

2

éwoo average transverse extension of
. partons in the proton probed by
& DVCS (subm. PRL):
0 - hDﬂ%la(BH) { } 32 GeV < v < 80 GeV
gy,  (r1) = (058 = 0.04sar © (02f,,,) fm.

200— ... HEPGEN @
| mmBH 4+

100F “} SDME via exclusive
® production:

Ay
Im r;
Re B: Interference
l- i "' ol U] \‘ '!- "'-1:
¢ (rad) Im r;. % - X ' 2
Rerly .
.---..'][)2 = Rrrr e s
9 o 1 (GeVicl < &F < 5 (GeVof® Retly TEUE gy
2 F 10 GaV. v <22 Gal Tme, . #SDMEs COMPASS
:cTJ 5 PRELIMINARY
@] Y
S 1
Tw
a
c Imr}, .
_— 2
__(‘- Tw
Y Al B
> f
T = Imry,
Q_ -
. © — expanential fi r,
N 1
(3] 1 | | |
o 0.1 0.2 0.3 0.4 0.5 0.6 T
= " .
[t] (GeV/c) W B o,
1
Im r,
! .
92 a1 0 0.1 02 03 04

SDME values
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Deeply Virtual Compton Scattering — achieved
statistics in 2012 and 2016/17

2016 - 130 days - mainly 2 spills of 4.8 s every 36 s
Iproton on T6 | I, onlonCH | Nb of spills DAQ Veto Nb of collected muons
per spill per spill life ime | lLife time
pt [ 100 -10M 7.6-107 135527 0.93 0.95 10.0 - 10™2
70 - 10" 5.3-107 18592
g~ | 100 -10M 6.3-107 143848 0.94 0.95 9.2.10'2
70 - 10" 4.4-107 28255
2017 - 130 days - mainly 2 spills of 4.8 s every 36 s
Lyroton o0 T6 | 1, on lonCH | Nb of spills DAQ Veto Nb of collected muons
per spill per spill life ime | life time
pt [ 150 - 101 12.5-107 168000 0.91 0.93 17.8 - 1012
p~ | 150 -10M 10.5 - 107 195000 0.91 0.93 17.3- 10"
2012 - 30 days - 1 spill of 9.6 s every 48 s
Iproton on T6 | I, onlonCH | Nb of spills DAQ Veto Nb of used muons
per spill per spill life tme | life time
pt | 250 - 101 50. - 107 0.84 0.73 1.87 - 102
p= | 250 - 10M 17.5-10° 0.94 0.89 2.33 - 10"

Assuming data quality in 2016/17 with 80% “good spills”, we collected

in 2016/17 about a factor of 10 more statistics compared to 2012

7 June 2018

Jan Friedrich

-

22

N

)



COMPASS Drell-Yan Run 2015 results

First ever polarised Drell-Yan data

2.673e+17 /514717
p0 -5.931e+00 £ 4.412e+05
[ 4.13 = 0.0003059

-y
o

o
=

o

X
@ 50— Power cut on Meiryn
e C + PSinjector +
§ - other([l))rg)hlems /
2 40—
= 30; T6 vacuum
r Incident
i (P3)
20— :
E L0|‘rg|M[)+
10— Injector line
r Power converter
B (Pa)
Y I < S T N RN BRI B 31
1436 1438 1440 1442 1444 1446 1448
time (s)
9 periods are collected (~2 weeks long each, polarisation is
inverted after first week)
Good machine performance: on average 84%
Good spectrometer availability: ~80%
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COMPASS Drell-Yan Run 2015 results

il

week ending
PRL 119, 112002 (2017) PHYSICAL REVIEW LETTERS 15 SEPTEMBER 2017

First Measurement of Transverse-Spin-Dependent
Azimuthal Asymmetries in the Drell-Yan Process

x10° ~
— ) —— COMPASS 2015 NH, data
= 3 ~ COMPASS 2015 data = sk o~ - Comb. background
S [ 43<M, /(GeV/c) <85 S . v
.tQ! - T 100k +~+ Open-charm (MC)
- Cs '_;z.__.y___‘ - L ---- Drell-Yan (MC)
: 2 = 10° s T — Total MC + Comb. background
g | E ,
= i z 10°
8 B O - ': LU lﬂ(
1 10 T
r . . l I
i 4 6 8 10
i M, (GeV/c?)
L [ L 1+ b | I I
— _ — T = COMPASS 2015 data
300 -200 -100 0 -+ Cou
- £== TMD-1
z (cm) 0.1 == T™™D2
N 1o o -
- cen w o B g
E 1ooooi - e < O __ -
BT :
077_3.2; "1500 ' 28O0 260 -240 220 260 180 160 7‘1;41:;(‘:;;1)20 : | | ) | )
0.5 0 0.5

Total number of J/ (NH;) is ~ 1.500.000
Total number of HM DY (4.3 GeV/c?<M,,,< 8.5 GeV/ c?) (NH;) is ~35.000
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2018 Drell-Yan Run Coy“

e,

One of the main goals of the polarised Drell-Yan program at COMPASS is the

unambiguous verification of the Sivers asymmetry sign change.
Improvements with respect to 2015 data taking:

Better tuned trigger system

akrownpE

Data Taking for physics was started May 17t,
In spite of 6 weeks long delay on
commissioning because of the cooling water
tower refurbishment.

Unfortunately no beam since Wednesday
May 30 for NA (SPS — NA extraction line
Problem)

3.5e+406 -

- N N w
v o v o

T6 intensity/E11 (protons)

[y
o

5.0e+

0.0e

e+06 -

e+06 -

e+06 -

e+06 -

e+06 |-

New radiation protection (additional wrt 2015)

Beam telescope (additional SciFi station, 11 planes vs 8 in 2015)
CEDARS: fast MAPMT and new read out chain — high rate capable system
Polarised Target — new field rotation procedure + extensive commissioning period

T6 intensity/E11 (protons): 2018-05-16 19:36:15 - 2018-05-22 21:53:00

— SPS
— COMPASS Heros
— Drell-Yan 2.7e+06

05

+00

2.6e+06

A
%,Q“"X.QQ

W™
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Polarised Target performance in 2018 .C%rsﬁ

2

1. After long and dense commissioning period first polarisation is achieved
on April 24t

2. After 40 hours of polarisation (May 8™") : -82.7 % (up), +81.3 % (down)
3. New field rotation procedure < 0.10 % loss compared to 0.50% in 2015

Polarization after 26h in 2015 and Relaxation time with beam in
2018 2015 and 2018

Upstream Downstream Upstream Downstream

Cell Cell Cell Cell
Positive +75.3 % +73.2 % Positive ~ 1200 h ~ 1000 h
Polarization + 75.0 % + 78.2 % Polarization ~ 1500 h ~ 1500 h
Negative -73.5% -712.2 % Negative ~900 h ~ 700 h
Polarization -80.3 % -79.4 % Polarization ~ 1300 h ~1100 h

7 June 2018 Jan Friedrich 26



Express-Analysis 2018

0

Rates of dimuons with M>2.5 GeV (normalized to the trigger rates) Rates of dimuons in target (norma"zed to the trigger rates)

2015 —_— 2018

- —— 2018 —— 2015
= gttt g b g ity 102 =
ol +*¥"¢?+H+ f ++++++++T+ +' WG g Eﬂ?ﬂ SR S
E # f + b **ﬁ | H'H 10° = e =
- i i} by %ﬂ I e
i N T T
10 ‘!' R ‘0‘*{ i g ‘ 1075 LAS-LAST == R
- I e i l W, “++ b E OLAST Raae ST 11
B i Jlrll' ++ *‘L 107 = MLAST - NN
N g iy -
10° 1 J[ * 107 ;— 1H “:!L_
il LAS-LAST OLAST mLAST w = OTT
cev b b b b b b b ISR M, GeV

-400 -350 -300 -250 -200 -150 -100 -50 0 50 100
Z,cm

283427 / 2015

121060

127050 0.95+0.07

J/psi absolute rate 640+40 780+40 0.82:£0.07
130+20 140+20 0.93+0.21
1980+80 2190+70 0.90+0.05
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Form factor measurement in high-E muon-proton
elastic scattering 10-3...102 GeV?/c?

1.005 —
1
= 2
- {r)=0.81fm G G
0.995 |— D W, ol
: ‘.,,.ﬁ 4[27
099~ \ (r2 ,)=0841m
0.985 —
C G./G,
0.98—
- [/ 2 _
= V(P e = 088 fm
U.g?: | | | | | | | | |
0 0.02 0.04 0.06 0.08 01 0.12 0.14 0.16 0.18 0.2
Q? [GeV?/c )
1.01f—
0.99 —
— uncertainty bands: AG_ only
- AG,, added linearly
0.98 — AG,x5 added linearly
0.97 —
0.96 | —
0_95:‘..|...\...|...|‘..|.‘.|...|..‘|...|...
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
Q* [GeV/c?)
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Test in 2018 for
proton radius measurement with COMPASS

TPC for measuring proton recoils
down to 0.5 MeV: Gatchina / GSI
silicon microstrip detectors for
muon scattering angle
measurement: COMPASS

SI01 5102
beam
trigger
I

time stamp

28



RICH detector upgrade

Upgrade with novel photon “""""\
detectors: Micromegas + thick GEM \
hybrid N sl

95% of active surface electrically B B .
fully stable, 80% single-photon eff. D

| —
Reserved Novel PDs, [
» hoton side §
for MAPMTs | Photon side -
TH & : - ey -
[Pl 3 + Gain = 13445 +/- 144,943 | = e
T S 10°; e :
Il 8 | F Saegrali) & St
i : i S el
Wik I I o ::..
‘ 10°F ’ Sy
= + ¢ D
e L fitting rage: 45 -> 200 m.\“g'w. $ 4
o
|
I 1ADC channel = 300 electrons 7
i Lo i o
0 50 100 150 200 250 300
Ampitude for photons
|  photon_residual_2 photon_residual_4
B Fatries T = Entries W6 |
Sigma: 1.8 mrad Mem  e® "~ Sigma: 1.8 mrad Mean 07209 |
s / \ s 208 g RMS 2309
; v Vi 62714 = £ ot 65717 |
( rrrrr var Constant 1614 £ 143 |
| Mo -— Y| Mean 0862 £0.07 |
) ““““ £0.007 WE “ Sigma 1281 20021 |
) i a2 / |
N\ =3 /
g prees Peaig b Ex scnipicrs st iginie p i

Theta(pion) — Theta(photons) plots
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“Mapping proton quark structure using
petabytes of COMPASS data” at

BLUE WATERS

- Blue Waters: supercomputer in Urbana-
Champaign, lllinois, USA. 22,500 nodes with
each 32 CPUs = 720,000 CPUs

- Allocation over 9 million node hours for
COMPASS data production (real and MC)

- 1 year of COMPASS data in ~ 5 days wall time
- Pilot MC mass production: >12 billion events
for Drell-Yan (DY, J/Psi, Psi’, OC), purpose e.g

multi-dimensional acceptance correction

- 2-dimensional efficiency maps of all of the
200 COMPASS tracking layers

7 June 2018

Computing power and future DAQ

\Qr,

N

Developments of future data
acquisition systems

- COMPASS has pioneered many new
developments regarding fast (dead-
time free) readout schemes, e.g. APV

- recent upgrade: transition from DAQ
PC farm to FPGA-based acquisition

- future developments: towards
triggerless frontend and readout
electronics (e.g. for proton radius)

Submitter
Production
System

gWAIEHS

o o Pilots
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M2 Fixed Target Experiment Beyond 2020

Writing of a new Lol for a Meson-Baryon experiment at SPS M2
line is ongoing and kept open for new people/ideas. We intend

to circulate this Lol within the coming weeks.
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Mini-Workshop
half-day on

*** June 20th *kk
2pm

CERN bdg. 774
Vidyo available

for discussing the
physics covered by
the Lol
save the date!
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Summary table for PBC QCD conveners

3  Summary table

The main features and hardware upgrades for each Long Term Program are summarized in Tab. 1.

Beam Beam | Trigger | Beam Earliest Hardware
Program Physics Energy | Intensity Rate Type | Target | start time, Additions
Goals [GeV] [s 1 [kHz] duration
up Precision active TPC,
elastic proton 100 4106 100 u* | high-pr. 2022 SciFi trigger,
scattering radius meas. H2 1 year silicon veto
Hard recoil silicon,
exclusive GPDE 160 107 10 u NI—[; 2022 maodified
reactions 2 years PT magnet
Input for 7 production | 20-150 | 5-10° 25 LH2 2022 LH2
DM cross-section LHe 1 month target
target spectr.:
F -induced Heavy quark 12,20 5-107 25 7 LH2 2022 tracking,
Spectroscopy exolics 2 years calorimetry
Drell-Yan Pion PDFs 190 7-107 25 T crw 2022
1-2 years
"active
Drell-Yan Kaon PDFs ~100 108 25-50 | K-.F NI—I}, 2026 absorber”,
(RF) Nucleon TMDs Crw 2-3 years vertex det.
nfe
Primakoff Kaon ~100 5-106 =10 K Ni 2026
polarizability 1 year
n/e
Prompt Meson gluon 100 5.10° 10-100 LH2, 2026 hodoscope
Photons PDFs T Ni 1-2 years
K-induced High Precision | 50-100 | 5-10° 25 K LH2 2026 recoil TOF,
Spectroscopy | Strange Meson 1 year forward
Spectrum PID

Table 1: chmremcnts for the future programs at the M2 beam line after 2021. Standard muon beams

are in blue, =

Jan Friedrich

ms in green, and RF-separated hadron beams in red.
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« COMPASS 2018 polarised Drell-Yan run — commissioning fast and
efficient, we are taking physics data since May 17%

« Light-quark hadron spectroscopy — “legacy paper” on resonance
parameters accepted by PRD, further analysis ongoing

« Good progress on the SIDIS data analysis: longitudinal,
transverse/TMD and multiplicities (FF)

« Good progress on DVCS and HEMP analysis for 2012 and 2016/17
data

« Plans beyond 2020: transverse deuteron run in 2021, Lol for future
collaboration
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Central production Il Coym

4 L
Central production, 2008 and 2009 data.
t, t, bins, D-wave.
Interestingly, the f,(1270) signal in the D wave
shows a very similar behaviour, which puts strong
doubts on the common belief that the f, (1270) is
Prarget £ Pslow produced copiously in double-Pomeron processes.

a0’ COMPASS 2009 pp—2p, ®Tp,

ol } I J‘H i ﬁ* i JJ\
4 fet b . h% ﬁH Ijihm*
T il ST I v (L OO e

Intensity / 20 MeV /i

L
2
i

o |

10000
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SIDIS transverse&longitudinal | ¢'OMP

We continue to scrutinize polarised SIDIS data by studying
various target spin-dependent azimuthal asymmetries.
General expression for SIDIS cross-section in terms of asym.:

(Fuur +eFuuL)

d ) 2
dzdydz d(;g’w)qubh w l$2 (1yf ) (1 " ;7)
X {1 + /22 (T4 2) A cos oy, + &?AE?;(M“) cos (2¢y,) + Ay/22 (1 — 2) AJ 77" sin ¢,
+ 51 {\/MT AT sin gy + A0 gin (26,) ]
+ 5.\ {\/EAM_ + /2 (1= 2) A% %" cos th]

+ ST[ D) sin (¢, — ¢g) + AR T sin (¢, + bg) + e A0 sin (3¢, — @)
+/22 (1 + ) Ay sin g + /22 (1 + ) Ay ™% sin (20, — 055)]

+ ST)\{ (1 — 52) A?}wru*’) cos (¢, — dg)

+4/22(1 - Amw" cos g + /22 (1 — E)AE‘_J;(Qﬁf"h—qﬁs) cos (2, — 955)} }1

LOLSA/TSA twist-2: PDF ® FF subleading LSA/TSA higher-twist PDF & FF WWA twist-2: PDF @ FF
AZZ6n) hi @ Hﬁq" ATE(On) vhl ® Hi) afi'@ DY, Wi @ Hr,j'
Arr (/1L®D1(1 ACLT(O’*) I(DL@HLJ',', L"'O@Dw 91 ?@Dw
*4;i']'}('o}'_o'<) f u([ ® Dy lq A‘zjl'uzr(os) xfr® DY lr1’ ahy ® H l_r;h’ xhy ' ®H 1%/}) hr . ® D] lrf’ hi® H lLr/h
e h! ® Hi,' ASR20n=05) zfr?® DY, uz‘} ® Hi", uﬁ‘f ® Hi,'  fif® DL, hle Hi
Ayp %) w ® H#," AT®s) 294 ® D], veb- @ HL' zex! @ H. @ D]q
App ! gir ® Dy AR08 29! ® D”,I, ved @ Hi,', zep? @ Hi, ¢l ® DI,
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SIDIS longitudinal Il co/Mys

= >-’—0—'—‘j

The main challenge in the low-Q? analysis is the suppression of events due to muon scattering off
target electrons. These events are removed by a cut on the product of the angle between the virtual
photon and the electron candidate and the particle charge 3.

The results for A,P for both data sets are compared
to previous measurements. The increase in
precision is evident. The COMPASS data show a
small, nearly constant asymmetry of about 1% at
small x. The resulting values for g,P are shown in
together with the systematic error band. For
comparison with model predictions various
binnings, e.g. x, Q2 and v, x.
The preparation is ongoing.
ﬂ”l. i g9¢ 4 s o Tmmme

2| AERIEET
; .L i .l!HLU* W} | ¥ %i H | ‘ |
SHII

2

Proton 2007 and 2011 Q2< 1
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— — COMPASS 160 GeV, before cuts

—— COMPASS 160 GeV, onc hadion cand| 9000
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SIDIS transverse Coyrs‘
New approach continued: weighted asymmetries J

2

« A%,

A . 1 1

Asymmetries obtained by weighting the
spin-dependent part of the cross-section with
powers of ph;.

Sivers Asymmetries
=
F

§
Main advantage - convolution integrals (,} %] {{ : ‘} preliminary
becomes products =» no parametrization 0
of the unknown transverse momentum COMPASS 2010 proton data
dependence of PDFs and FFs is needed. e

: = : :
£
T I TTT T 1T | TTT I TT1T I TTT I TTT

1or® 1o O r
1
A'{P‘"‘uﬂfi z) = gzqﬂgfﬂ“{qu(x}'ﬂf(z} 0.08 Ase h™
S 3~ - H
Y, cafi(x) - Di(z) * Ag,

preliminary

COMPASS 2010 prodon data -}

ey Tk

Sivers Asymmetries
=
5

: = ; !
E
IIIIIIIIIIIIIIIIIIIIlIII

Important: large statistics, good acceptance.

Allows to extract first moment of Sivers 0
-0.02
fJ-(lll(I sz _ thT ﬁ’i?" fl (, bop QE] mr‘ T x
S I Y Ve This is a first data on p"; weighted Sivers
asymmetry
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SIDIS transverse
= Sivers and TSA in the Drell-Yan Q2 bins

Sivers TMD PDF has a very particular feature - it contributes with opposite sign to SIDIS and DY. It
Is considered to be an essential prediction of Quantum Chromodynamics (QCD) going to be tested
by COMPASS. If Sivers function comparison SIDIS€=» DY is done at the same Q? we drop the
uncertainties from the unknown QCD evolution of the Sivers TMD.

o 1 -~
2 3 ~
R l"" E L E —— COMPASS 2015 NH, data
R L N S - Comb. background
8 S > 100 o~ T
< 3 © &
= g 10'g
% S E
— 103 E
a E
g 2L
z 10°¢
o E
10
1 PHGeY o fad 4G et 25 .25 P NGV P16 | M PGV ekl
in’,:j-mm il’,ﬂl-l).]ﬂ im-mm
| e ke
LS e i 1 Het —— i
g - e
ot n - .
. - . *
Ayq - 1 | 1 1 | 1 1 | 1
P B S B I R R e arararay 1l | T | L1 1 1 | T | 11 1 1 | T | | T | 1
001 o 001 005 0 005 —0.05 ] 0as -0.05 0 005
(A (A3 (A (A

Fig. 2: Mean TSAs in the four DY (*-ranges. Systematic uncertainties are shown as error bands next to the
vertical axis. For each (%-range also the average x-values are given.
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SIDIS longitudinal

Deuteron data:
Published:
2002 and 2004 Q%>1
This report — Deuteron 2006 Q%>1
= Proton data:
s Published:
2007, 2011 Q%2>1

This report: Proton 2007, 2011 Q%< 1

Jan Friedrich
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All Deuteron data Ag/g_final result

(SI)DIS longitudinal | — Final results

Deuteron g,% Q%>1

B Published the final COMPASS result for double spin
— asymmetry A9 and longitudinal spin structure function g,¢
(deuteron data set 2002-2004, 2006) PLB 769 (2017) 034.

‘OMPAS

,/ /./
~ s

Together with the results on the proton spin structure function
8 J,°, these results constitute the COMPASS legacy on the
= measurements of the g, structure function.
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http://wwwcompass.cern.ch/compass/publications/papers/locked/journal/2017_plb769_034.pdf
http://wwwcompass.cern.ch/compass/publications/papers/locked/journal/2017_epjc_77_209.pdf

g v 1 :
VR CAMERﬁrecml proton detector
.
Y& &, srrounding the 2.5m long
S |H2target

\*

MMI_ Contacted?

Various Helium, piping, magnets Reserve people, Check availability

TE-CRG-ML

EN-EL Electricity, cabling 400V, 48V, AUL yes
TE-EPC-LPC  Power supplies Ready Jan. 2018 yes
DT-DlI Programming, connection yes
EN-HE Platform, rotation, shielding yes
TE-CRG-OD  Helium consumption Check for larger Dewar yes

Cold box Dewar LN, Check piguet service

EN-EA CEDAR/magnet support Asking soon



Better trigger performance control

2

Additional Monitoring Features

PM Hodoscope Outer 2
—TDC ||
+ Scaler ||||| i,
31 other
5 . channels,
CFD —
3 — Mean-| ——— i
8 | Timer | =35 3 i
@ —E & i TDC
8 CFD =° &1 B TDC
% — 'C p — Trigger Signal
Coincidence Matri VETO
oincidence Matrix
—TDC horizontal
PM + Scaler

Adding signal splitter and scaler direct after the CFDs:

@ Real-time monitoring of 8
un-triggered rates of PMTs -

@ Determination of workingpoint
under final condition for all

20

IIIIIIIIIIIIIIIIIIIIII 3
+

PMTs S L e LT IR b framamare],
Supply Vokaga
DY Trigger 2018 5. Juni 2018 6 /13
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Central production | CO/M%GS

L

- -

2

N

Central production, proton beam in 2008 and 2009.

p tl Pfast
R.P Analysis is in progress:
—— - two mesons in the final state (i, m°n° and K* K-)
- at COMPASS kinematics P-R, R-R and diffraction processes
il - S, P and D waves (spin projection M < 1) contribute
it t2 S significantly.

COMPASS 2009 pp—p =xp, S Wave exhibit some contamination by

W, f 4 4 o(770) meson — to clarify PWA was
2L '*'*'% XA R N, performed in t; t, bins.
% #m*ub * :M“u smpm -
£ oo T : ) Low t, andt,- p (770) signal has practically
5 SRS o o vanished. These bins are dominated by a
: "at ‘ 1% ) f 1% double-Pomeron exchange mechanism
e o Memend \where p production is forbidden (C-parity
0 [ ; # :
;"'“'v.q 0 g ) o ) conservation)
so000l* L A ¥+ ‘tih M 3
%, 4 F 4
: L
y W * )
o R S-S - === More work is needed to develop a
] + + A w:} 1 -
A, N o '\ R method that correctly takes into account the
ﬁ‘a% :w *.M% i, P(770) contamination in the S-wave.
(3 1 15 2 05 1 15 2 05 1 15 F21: 035 ;{m :c_‘;.evn:’]2
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Center for Supercomputing Applications) in
Urbana-Champaign, lllinois, USA. 22,500 nodes
with each 32 CPUs = 720,000 CPUs

- Allocation over 9 million node hours for
COMPASS data production (real and MC)

- Blue Waters will allow to process 1 year of
COMPASS data taking in ~ 5 days wall time.
Pilot Real Data productions with PanDA.

- PanDA = Production ANd Distributed
Analysis = data production and monitoring
system developed for ATLAS-LHC.

- Pilot MC mass production: >12 billion events
for Drell-Yan (DY, J/Psi, Psi’, OC), purpose e.g.
multi-dimensional acceptance correction

- 2-dimensional efficiency maps of all of the ~
200 COMPASS tracking layers.

EBLUE WATERS

NSF grant#1713684
ers supercompu er at NCSA (National
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(S1)DIS longitudinal Il

Proton 2007 and 2011 Q2< 1

2

Large gain in the precision (see A,P for both data).
Small, nearly constant asymmetry of about 1% at small x.

The resulting values for g,P will be published in various binnings, e.g. x, Q2 and v,
x for comparison with theory predictions.

The paper preparation is ongoing.
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