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Deeply virtual Compton scattering (DVCS)

D. Mueller et al, Fortsch. Phys. 42 (1994)
X.D. Ji, PRL 78 (1997), PRD 55 (1997)
A. V. Radyushkin, PLB 385 (1996), PRD 56 (1997)

DVCS: (p—> U p" y

the golden channel
because it interferes with
the Bethe-Heitler process

also meson production
po> U p' =, p, ®or (I) or J/y...

The GPDs depend on the following variables:

X: average long. momentum ! . . .
8 8 The variables measured in the experiment:

EE) QZ; a:BN 25/(14—5)1

&: long. mom. difference

t: four-momentum transfer
related to b, via Fourier transform

t (Or Gy*y) and (I) (EE’plane/yy* plane)



Deeply virtual Compton scattering (DVCS)

From Goeke, Polyakov, Vanderhaeghen PPNP47 (2001)

The amplitude DVCS at LT & LO in o (GPD H):

a Real %art Imaginary part
H(x t) +1 H(x,C,t) :
H= dx imH(x + & x,t
t, &ﬁxe'!‘ x—i‘l‘l&‘ f x_é ( a )
In an experiment we measure f 777«7'[( t)

H(E, L) = | dx + D(t
Compton Form Factorﬂ Ke (a ) ﬁ ( )



COMPASS: Versatile faC[llty
hadron (t, K%, p.
of high energy.

"~200

ks



The DVCS experiment at COMPASS

DVCS: u p> pn' py
%

P = N

\.
n ' Muon WaII

ECALZ/ >
HCAL2

ECAL1/
SeTHl  HCAL1

‘, \\ \ e }_ '/’/_/_,-—’ ”/’/

NIM A 577 (2007) 455 — NIM A}7g (2015) 69

Two stage magnetlc spectrometer for large angular & momentum acceptance

Particle identification with:
- Ring Imaging Cerenkov Counter
- Electromagnetic calorimeters (ECAL1 and ECAL2)
- Hadronic calorimeters 5
- Hadron absorbers



The DVCS experiment at COMPASS

DVCS: u p> pn' py
T —>
Tp -7 .

New equipements:
»2.5m LH2 target

»4m ToF Barrel CAMERA
24 inner & outer scintillators separated by ~1m
1 GHz SADC readout, 330ps ToF resolution

»ECALO:2x2 m2 ,
Shashlyk modules + MAPD readout , s«
one module is made of S i
9 cells (4x4 cm?)

=194 modules or 1746 cells



| -C'AMERA recod proton detector
e “=surrotinding the 2.5m long
P i 'LH2-target"

C—

|

_%’

- H ? 2016 -17: 2 x 6 months

data taking

2012: 1 month pilot run

WA O



COMPASS 2012 Selection of exclusive evts with recoil detection

Xg; > 0.03  10<v <32GeV

Comparison between the observables given by the spectro or by CAMERA 0 o
with T° contamination
[}
DVCS : -
[ ) U) .\ U) -
l‘l p u p ’Y q:) | 1) For the %Mégr%izs;o q:) 2) For the %MEE%ZZZ;O
) o E 100+ prOton @ n° background E 100_proton [ ©° background
1) &IjT —_— I)T{ Alll I-J'_r.'ﬂlll( _ momentum I aZimuthaI
2) &q} — (p{-mn _ q_-_;..tcpw- 50 applied 50 applied
cut
3) Az W = Z.‘L{-nm _ Z.\Z“““[l vertex |
4) hIQ r — ( ). +p. -p -p -P )2 -0.6 —0.4 0.0 n 0.4 0.6 1 0.0
X=0 IJ”{H I Pin I-'”Ullt I Pout I ¥
Ap. (GeV/c) A ¢ (rad)
2 - COMPASS 2012 ) = e
outer scintillator .-'ﬂrecunstlucted hit CI_J 80——3) For the Sien Carl & 4) = e
| : ] - %ogatl%kg%gnd = I C_JMonte Carlo
7 cC - proton trac -E Q g m° background
//;proton LU 60 N L 2001
Iinmrst:inlillator f:_? reconstructed hit | 40__ | L
targo [ A — _ applied 100 R applied
Hin vertex T, 20~ cut cut
1L cut r I
_4 e 50 30 40 i - - -

Az, (cm)



COMPASS 2012 n® background estimation

70 are one of the main background sources for excl. photon events.

Two possible case:

= Visible (both y detected =» subtracted)
the DVCS photon after all exclusivity cuts is combined with all detected photons
below the DVCS threshold: 4,5,10 GeV in ECALO, 1, 2

= Invisible (one y lost =» estimated by MC) Visible leaking % in the data

COMPASS 2012
* Data (background subtracted)

— Normalized MC (exclusive n°%)
—— Normalized MC (LEPTO 6.1)

> Semi-inclusive LEPTO 6.1

Entries

» Exclusive HEPGEN 7t°
(Goloskokov-Kroll model)

Comparing the two components to the data
allows the determination of their relative normalisation.

The sum of the 2 components is
normalized to the visible ®° contamination in the M., peak .



COMPASS 2012 DVCS cross section at Eu=160 GeV

do o |TBH|2 + Interference Term + | TPVES| 2

$ - S 400 » Data COMPASS 2012 100+ *® Data COMPASS 2012
= [ —MC (BH) — e o ) L __MC (BH) } ' — MC (BH) o ‘
o 2 bgd. MC I 1 (GeVic)® < Q° < 20 (GeV/c)* r + | (GaVicl < QP < 20 (GeVicP 2 bgd. MC 1 (GeV/e) < Q2 < 5 (GaV/c)
UCJ 1000 —- mgféfffT-? g;ctjag);d.) B0.GaY <v Q144 GaV 300 * *9eiterTo 20 bod) 2GeV<veB0GY | | - MC(LEPTO =° bgd.) 10GeV <v <32 GeV
— bgd) (| N | D MCiexcl. ° bad.) [ MC(excl. n” bgd.)
I MC (BH + n%bgd.) - " 0 =0 3
I 0.005.< x5 < 0.01 MC (BH + x° bgd) - NC (BTt + xgp > 0.03
pure B.H 200 50
500 : : +
contribution .
I 1 1 1 1 l 1 1 1 L I 1 1 L 1
e i diead il b 1




COMPASS 2012 DVCS cross section at Eu=160 GeV

do o |TBH|2 + Interference Term + | TPVES| 2

.": =0 w2 [ 0.3
T I
(D T, ow | IBH+DVCS| ¥5=0.01 1 [ |BH+DVCSP X5=0.04 L2 *g=0.1
. [-F 2
DVCS Bethe-Heitler (BH) () IDVESI os [ |DVCSP 0z J—
= [ 2 e,
E = e IBH F .,~"j """" -‘ﬁ‘-._ J 15 M
S of - ., IBH+DVCS[
et 04 L e i I 0.1
- F R e Tt |DVCS|E
,,4’: 0T s 0.2 Las
2 ke R |BH[?
NI:F' i [ ———— — e — o —_——_—™— i
= =160GeV Q?=2GeV? t=-0.1GeV? |, [E =160GeV Q?=2GeV* t=-0.1GeV? | E,=160GeV Q?=2GeV? t=-0.1GeV?
© 1.0S
1 PI ; PEPITETEN BTN B AP BT AT B B 1 1 1 1 1 Al 1 1 1 1 1
= IR0 ok S0 L1} S0 141 ]Sll(b -1500 LM B0 LI g0 Tan 150 d) -180 -100 -50 ] 0 10 15I}d)

e Data COMPASS 2012 400

w Y D ' 9 ]
) e e Data COMPASS 2012 100} © Data COMPASS 0012
= = (BH) 1 gy, o e L —MC (BH) + + —MC (BH) L .
— 7 bgd. MC @ t (Qeioy; <G < 20 (0o 0 1 (GeVic) < OF < 20 (GeVic)® ° bgd. MC 1{GeVie) < 0 < 5 (GeVig)
LICJ 1000~ mgﬁLEFI’TQ Qg ctj)g);d.) 80 GeV <v & 144 GeV 3001 f‘.-'i’?i;g{fgpm 2 bgd.) 32GeV<vésOGey | | e MC(LEPTO 7° bgd.) 10 GeV <v <32 GeV
-------- excl. i L ] ’ [~ ——- MC(excl. n” bgd.)
— -0 MC{excl. r° bagd.)
BN MC (BH + n° bgd.) - MG (BH + =0 MC (BH + =° ~
) 3 & (BH + ° bgd.) s MC (BH + n" bgd.) A~
pure B.H 501
500 : : +
contribution . 100
[ PR CmEA R ._liTl.‘\m“*—ﬁ*
— . ! . . . T




COMPASS 2012 DVCS cross section at Eu=160 GeV

when BH is not dominant
At COMPASS using polarized positive and negative muon beams:

_|_ —_
— — - _ BH Vcs
= r tdo =
de de 2[do™ + doy) P+ Tm 1]
rraly - *
= 2[dchH + C’ID“'S COS ¢ + cos2¢ + f.jlr sin ¢ + sg sin 2¢ |
calculable All'the other terms are cancelled in the integration over ¢
can be subtracted
- COMPASS acceptance for DVCS
§ ZZ_“*HH‘** ;“H“hg :+#**+*t+¢+ };i“i““: COMPASS 2012
[0} o M + | I
dop” do (do — ngH) o (PVOS[ Z090 : - g 8% % Note .
dQ2dvdt ‘ 0 = s et ettt Lttty the symmetric
' T I ' o acceptance
0.36 |-,
ZZ;.., ...... ;it"t‘!‘?i :33:‘::‘*1‘ :":‘H"‘! Du'beam
do7 P 1 d'BO"er\p 022:;1_........ e e et beam
. T T2 102, NP d S/ [ I
di_ T(Q '-‘I}'.' E,U»)(‘]‘Q (‘]‘I}df ot e e esagen® sgentsne, 0 6o gy CE ML) [—K,%ﬂ,...,%l’t,n}
Flux for transverse gog Ll b b b ¢, (rad)
virtual photons 1 2 3 4 5 12



COMPASS 2012 Transverse extention of partons in the sea quark range

doPVCs /dt= e BIt] = Lres

ad ——
S | hep-ex/1802.02739, subm. to PLB e
S 7_ _07:
—10%¢
o [UgImomss COMPASS 2012 8 o
S sseme < 6l COMPASS 0.6
S ™ Q | + + + 4 weeks in 2012 e
S 5 {0.5
2
— 10E [
= - 4+ 0.4
?‘_ E_B=431+062+0_09 Geviey? 3' 10 times more stat in 2016-17 lo.a
= = MUE o5 - .
2° I 1 (O 7 < 5 GV | ® COMPASS: <Q> = 1.8 (GeV/c)? this work
;’; .Iol 1 - 0\2 L 0|3 - 0|4 - 0|5 - 0|6 2_ ZEUS: <Q?> = 3.2 (GeV/c)? _ JHEP 0905 (2009) 108 —02
. . . . |.t| (GeV)c)2 A HL: <Q'> = 4.0 (GeVic)’ i} Eur. Phys. C44 (2005) 1
1+ ¥ HL <Q’> = 8.0 (GeV/c)’ | -10.1
. W H1: <Q?> = 10. (GeV/c)? Phys. Lett. B681 (2009) 391
o g
107 10°7° 107 107"
Xg /2

B — (—13 = O-GSt.at- i_ [{]lé ) (GGV/C)_Q

SyS

13




COMPASS 2012 Transverse extention of partons in the sea quark range

, o 2 ~ IR’
doPVCS/dt= B t] = ores <r % (x) >~ 2B (x,)
o 8 =
At COMPASS: SQ‘ 7._ hep-ex/1802.02739, subm. to PLB—O.? E
<x5>=0.056; <Q>>=1.8 GeV?; 8 ~
t varies from 0.08 to 0.64 GeV? = 6t + COMPASS _0'6%
At small xg; and small t: qQ 5l + ; + 4 weeks in 2012 105
DVCS ; ~ t 7. i 10.4
C » * * P * 4
0 x 4 7 ﬁ:—g(c/‘ ) .
] (HH* + HH") + 17 i 10 times more stat in 2016-17 |
. | ® COMPASS: <Q?*> = 1.8 (GeV/c)? this work
Dominance of ImH ol ZEUS: <Q?> = 3.2 (GeV/c)? JHEP 0905 (2009) 108 10.2
(Wlth respect of Re#{and other CTT) 1' : :1 <2:> ] :'g Egezjcij L Eur. Phys. C44 (2005) 1 01
L Il HI1: <Q?> = 10. (GeV/c)? i Phys. Lett. B681 (2009) 391 .
o —— 0
107 10° 1072 107
Xg /2

B — (—13 = O-GSt.at- i_ [{]lé ) (GGV/C)_Q

SVS

\/(r1) = (0.58 £ 0.04stae T 002, £0-04moder) fm




COMPASS 2012 Transverse extention of partons in the sea quark range

DVCS /dt= @B It] = L7Cs <12 (xg) >= 2B’ (x,)
0) e 0 .
At COMPASS. S | hep-ex/1802.02739, subm. to PLB
. > 7_
<Xg>=0.056; <Q?>=1.8 GeV?; 8 S et T T T T — -
t varies from 0.08 to 0.64 GeV? =~ 6 — —<
At small xg; and small t: Q ol +
DVCS ; ~ b i '_
¢ o 4 * H* —=EE* 4
0. (HH™ + :H,H )+ A2 3' 10 times more stat in 2016-17
Dominance of Im#H ol <Q> =18 (GeVie) |
(with respect of Re# and other CFF) ) ST e
e <Q?> = 10. (GeV/c)? j mode

\ r:'E:.E' "'4:3' 0 1 1 1 Lo | 1 1 1 oo | 1 1 1 T N A |

|
//\ o o 1074 107 102 107!
II| | b II| Illlll |II I:}:‘} i X B J / 2

B — (—13 = O-GSt.at- i_ [{]lé ) (GGV/C)_Q

SVS

% " (r2) = (0.58 & 0.0441ac = 0p5|  £0.04 f
\ . 1/ — - JZstat — .02 sys . model) m




COMPASS 2016-17

First insight

Exclusivity variables

Comparison between the observables given by the spectro or by CAMERA

DVCS: np2> n py

1) '&pT — pT{-mn stpvr
2) &(}9 f— (p{-mn - q_-_;..tcpw-
3) ﬂZ‘.-a, — Zﬂ{-nm _ Z‘:\Z“HJIII vertex

4) Isi{El"{:ﬂ - ( Jrrm—l_:[ i IJrr p}-’)z

ot

Py

111 Pout

_|_ —_

do< + do— t-slope

_|_
do~ —do d-term

Entries/0.25 rad

Entries/cm

[ CoOMPASE p DATA 2016 P
s00- . H
. f -\
500 ﬁ +
400f * t
1
200F # #
zunf- # i
1nnf— % *1
i ﬂ"“ ot i
e 0403 0701 0 D102 03 04 05
A (rad)
COMPASE p DATA 2016 '
- !_.
500 i )
a i
400 t#
300 i iJr
# 1
200 % ¢
+ +
+ +
100 $ : 3
* *

Entries/0.250 (GeV/c2)

Entries/200 Me\V/ o

- J_l"'
1000 !
+"F -
00~
GO0

I COMPASS p DATA 2016

o1 02 0 .4
Ap_ (GeVic)

COMPASS p DATA 2018 .
800 *u

800
700
GO0
500
400
300

200

100

bS04 03-02-01 0 01 02 03 04 05

M, ((GeVre?))



COMPASS 2016-17 First insight Distributions in ¢

Only 1.3% of 2016-17 data

~_ .
DVCS Bethe-Heitler (BH)
0.005 < xg < 0.01 0.01 < xg < 0.03 Xs; > 0.03
'§) ZMD.:- COMPASS p DATA g e "_ COMPASS p DATA g 250" COMPASS p DATA (: . e 27 0
gzzuu;- | 811 i ' E‘; [ No “invisible” 7
.§ 2000k 80GeV<=v<144GeV  pata F: soof- 32GeV<v<80GeV pata 2 t 10GeV<v<32GeV _ pata still to be removed
L - MC & - MC e “T -Me
Wi 1800f W +4 wo[
- s00f= |
BH expected "™ o ; [ +
to contribute " ool T + a significant
only 1200 [ [ DVCS contribution
BH MC is tooof " 100} + will allow to study
normalized " . : ++ ++ 14 doPVes /dt = e Bl
. . ] s
to this bin F L : of ++++ + + _ c.DVCS
: 100 [ 0
200F I L
5 =1 3
illllilli'lllllllll i 1 nll illllillillillllllllllillllil il D Ll lIIIIlIIIIIIiIlIilI il
-150 -100 -50 0 50 100 150 -150 -100 -350 0 50 100 150 -150 -100 -50 ] 50 100 150
¢ (deg) o (deg) ¢ . (deq)

Al

and its National Center for Supercomputing Applications. This work is also part of the "Mapping Proton Quark Structure using Petabytes of

This research is part of the Blue Waters sustained-petascale computing project, which is supported by the National Science Foundation
(awards OCI-0725070 and ACI-1238993) and the state of lllinois. Blue Waters is a joint effort of the University of lllinois at Urbana-Champaign
COMPASS Data" PRAC allocation supported by the National Science Foundation (award number OC| 1713684 ).



Beam Charge and Spin Diff. @ COMPASS

h 5
= do -—-do
g%
c,/= ReF,.H| <
Predictions with
VGG
KM10

The knowledge of <
Re F H and Im I~ H
is essentiel to play with
the dispersion relation

to extract the D-term

Re H >0 atH1

<0 at HERMES
Value of x;; for the node?

E 0.02 < xg; <0.03

F— Compass projected

L L |||
06 ﬂ?

E 0.15 < xg; < 0.30

;_ — Compass projected
F —Hermes JHEP 07 (2012) 032

= 2[do,,, " +Rel] — ¢, + ¢y cos¢
0.4p oo 0dp
0355 0.005 < x, < 0.01 E{u"’ 03sf. 0.01<x,,<0.02
03 — Compass projected 0.3 — Compass projected
0.255 0.25F
0.2F 02F
0155 045
| 0.1
0.05F 0.05F
O e 0L e
-0.05F- 0.05F
Bl R B - R R ¥ S I S e R B I S ¥ S R X
< t [[GeV!cf] -t [[Ge\f.-'c)z]
0.4: o3 0-4:
035t 0.03 <xg, <0.07 E{u"’ 03sf. 0.07 <x,,<0.15
03 — Compass projected 03 — Compass projected
o 255_ — Hermes JHEP 07 (2012) 032 0.25 r — Hermes JHEP 077(2012) 032
0.2F 0.2F
0.15F 0.15F
01 1 T LX]=
0.05f { u,asg {
az—}-é --------------------------------------------- O
-{1,05;i 0.05F
_ﬂ‘h—nnn:ﬂ‘llln {]|2II|(|],|3IIIh‘I4II 'i]‘lslllh,lﬁlllh,l7lllh,8 0. |h‘|1||l|]‘|2|||{|]‘|:’||h‘|“|||'|ﬂ|5|||'|ﬂ‘|6|||'EL|?|||'EL8
tl(GeVic’] HERMES € —m = 2UCSVIT]




GPDs and Hard Exclusive Meson Production

Quark contribution 4 chiral-even GPDs: helicity of parton unchanged
meson 44 Hi(a, §,t) E9a«, €E,t) For Vector Meson
Hi(ax, §,t) E9ax, E,t) For Pseudo-Scalar Meson

+ 4 chiral-odd or transversity GPDs: helicity of parton changed
(not possible in DVCS)

Hilw, & 1) Ellw, &)  _

~ ~ g =92 Hy
Gluon contribution at the same order in o H%’(a:, g, t) EIC](a:, &’ t) T 2 HT + E

Factorisation proven only for G,
oy is asymptotically suppressed by 1/Q? but large contribution observed

model of o; with transversity GPDs - divergencies regularized by k; of g
x+& & 3 and g and Sudakov suppression factor

p p’
@I’l sensitive to Hg
0- ++

The meson wave function and to a twist-3 meson wave function
Is an additional non-perturbative term D+ P -

q
T

Vector meson qq

meson qq




COMPASS 2012 Exclusive 1t° production on unpolarized proton

dtdp. 2w

ep>enlp | do 1[

d d . d
( ;T + € gfj +ECDEQQW-%+ v 26(1 4+ €) cos @ {;T

t!
Am?

dor, :ihm,- 1 {(1_(52)

.12 L
- ()] - 26Re [(H)"(B)] -

£2 )(E‘z} Leading twist should be dominant
but = only a few % of %r

The other contributions arise from coupling between
chiral-odd (quark helicity flip) GPDs to the twist-3 pion amplitude

d.cr_T:ilﬂa'& (1_52 B t .
dt 2k" Q8 {8m?2

oLT AT pr —\/—t' ~ . —
it~ vV T R‘ (&) A large impact of E;
should be clearly visible in o,
and in the dip at small |t| of o5

oprr Amap?  #

dt kK Elﬁmg HET}‘

20



COMPASS 2012 Exclusive 1t° production on unpolarized proton

lorr dop

+ €CcoS 20 1 o + v/ 26(1 +€) cos ¢ 5

ep > e o e 1 [( do; dcr;r)
= Il € +
1 dt dt

A dip at small t would indicate a large impact of E

" c;ga' 621+ L= (8120971 G;\?k : COMPASS 2012 B COMPASS 2012
ol [ o poaraen 8.5 GeV < v <28 GeV ' f:la' - e Data
- % |t 07/ (GeVic? 1 (GeVic} < Q2 < 5 (GeVicP ol - ® Goloskokov&Kroll
dao, EPJ A47 (2011) 112
(O a0t 0.08 (GeV/cy < [t| < 0.64 (GeV/c) c 8 ol o @01t
1 .\_Il 4_ — e B
o) - oy large (impact of Ey) —_ - recent update
%l T o smaller but significantly positive Qg- I
& | .
gE ol Tl= 10
x |= _kC)_ © B
> R = :
_8 - -8 - 8.5 GeV<v<28 GeV i
- —1(Gevmf<:Q2<5(Gevm) &
| Coeoc b o o b b e b N TR Y S
3 2 1 0 1 5 3 0O 01 02 03 04 05 06
2
¢ [rad] t| (GeV/c)

21

hep-ex/1903.12030, subm. to PLB



COMPASS 2012

Exclusive ® production on unpolarized proton

SCHC (7, =y )

SCHC implies:

¢ 7'11—1 +Im7'131 =0

=-0.010+£0.032+£0.047 OK
eReysp +Im;, =0

= 0.014£0.011£0.013 OK
eIms, —Rer; =0

=-0.088+0.110+0.196 OK

e all elements of classes C, D, E should be 0

for y'; — wrand y*; — o OK within errors

not obeyed for transitions y*. — @

l'l'll'fl

i A:':.r'[_ B0

- , L] -
L Y o &Yy

ey

.............................................................................................................................................

.............................................................................................................................................

=02 =01 [1] 0.1 0.2 03 0.4
SDME values

B SDMEs COMPASS
PRELIMINARY

22



Conclusions

From 2016-17 data
sum and difference of DVCS x-sections with polarized u+ and p-

=> transverse extension of partons as a function of x,
=2 ImH (¢,t) and ReH (E,t) for D-term and pressure distribution

HEMP 7°, p, ®, ¢, J/\w =P universality of GPDs - transverse GPDs - flavor decomposition

COMPASS++/AMBER starting in 2022
Letter of Intent Draft 1.0: https://arXiv.org/abs/1808.00848

New collaborators are welcome: https://ngf-m2.web.cern.ch

23


https://arxiv.org/abs/1808.00848
https://nqf-m2.web.cern.ch/

Letter of Intent - Draft 1.0: https://arXiv.org/abs/1808.00848

CM
\

A new QCD facility
at the M2 beam line of the CERN SPS

> COMPASS++/AMBER starting in 2022

Program

Physics
Goals

Beam
Intensity

[s ']

Trigger

Rate
[kHz]

Target

Earliest
start time,
duration

Hardware
Additions

up
elastic

scattering

Precision
proton-radius
measurement

4-10°

100

high-
pressure
H2

2022
1 year

active TPC,

SciFi trigger,

silicon veto,

Hard
exclusive
reactions

GPD E

2.107

NH}

2022
2 years

recoil silicon,

modified
PT magnet

Input for
Dark Matter
Search

7 production
Cross section

5.100

2022
1 month

LHe
target

P-induced
Spectroscopy

Heavy quark
exotics

5.107

2022
2 years

target spectr.:

tracking,
calorimetry

Drell-Yan

Pion PDFs

7-107

2022
1-2 years

Drell-Yan
(RF)

Kaon PDFs &

Nucleon TMDs

108

2026
2-3 years

“active
absorber”,
vertex det.

Primakoff
(RF)

Kaon polarisa-
bility & pion
life time

non-gxclusive
2026
1 year

Prompt
Photons
(RF)

Meson gluon
PDFs

non-gxclusive
2026
1-2 years

hodoscope

K-induced
Spectroscopy
(RF)

High-precision
strange-meson
spectrum

2026
1 year

recoil TOF,
forward
PID

Vector mesons
(RF)

Spin Density
Matrix
Elements

2026
| year

Beam line unique with polarised p+ and p-
and high intensity pion beam

Possible RF separated beam
for high intensity antiproton and K beams

Versatile apparatus (Upgrade ++)

Proton Radius

Meson PDF - gluon PDF
Proton spin structure

3D imaging (TMDs and GPDs)
Hadron spectroscopy
Anti-matter cross section


https://arxiv.org/abs/1808.00848
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The DVCS experiment at COMPASS

DVCS: u p> pn' py

P = N

New equipements:
»2.5m LH2 target

»4m ToF Barrel CAMERA
»ECALO

1 5 x 7modules
#fl 60cm x 84cm

-ﬂ dﬂ -li\ ]

4\ -u\ rw\

-t i a\ = W
1

- ECALO: 2x2m2
CAMERA £ N

Shashlyk modules + MAPD readout
L=4m one module is made of 9 cells (4x4 cm?)
Ji=2m = 194 modules or 1746 cells

24 inner & outer scmtlllators separated by about 1m
1 GHz SADC readout, 330ps ToF resolution

26



COMPASS 2012 Transverse extention of partons in the sea quark range

e 2 ~ /
doPVes/dt= e Bt] = 176 <r % (x) >~ 2B (x,)
hep-ex/1802.02739, subm. to PLB
B = 2(2 - 2+ PICBYS (£
DVCS 1 (- x| ATAT7* 2 e AT O T . A S -:'--: e
COVES (F F*) = (ZIB)Q{JIuIB)(HH +HA) —.rB(HS L EH +HE +5H) Sl
. A\
- (IB—F (2 —xB) JL”Q)EE —IBm&S } +
At COMPASS: 4'
<xg;>=0.056; <Q*>=1.8 GeV?; t varies from 0.08 to 0.64 GeV? _ . .
. . 10 t tat in 2016-17
Due to the small value of x3; and t it remains only: 3t mes more statin
DVCS ; ~ t -2 2r T :Q: - L8 (szz)j | KM15 model
Co X A HH* +HH*) + —=EET | IS St
_ ’ ;\[2 <Q?’> = 1.8 (GeV/c) L ek del
LV T <Q?*> = 10. (GeV/c)* mode
0 1 1 Lol L L Lo | 1 1 L
1074 107° 1072 107

XBJ./2

B = (431 £ 0.624a © 092] ) (GeV/e)™2
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\(r?) = (0.58 4+ 0.04ac T 005 o) fm




Dominance of Im#{ (with respect of ReJ and other CFF) at small x;

Figure from Kumericki, Mueller
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81_._ GK
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61KM15
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] COMPASS
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XB

b [1/GeV2]

2{I}Zigure from Moutarde, Sznajder, Wagner arXi

v: 1807.07620

T T T L |
GK: all GPDs

o GK:only H -——--
A GK: only ImH -
VY  VGG: all GPDs
VGG: only H -———--
i ¢ VGG:only ImH -
10 + k
___;_=:";“=K"——_ “‘\H
v
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o
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The past and future DVCS experiments

2 2
Q [Gev] IIIIIII . ] ] IIIII.II ] | IIIIIII ] ]
| current DVCS data at colliders:
Lo s 107 O ZEUS- total xsec O Hi- total xsec
ILE . [ @ ZEUS- do/dt W Hi-do/dt
C B HI-A,
200 | current DVCS data at fixed targets:

| W HERMES- A Ay Ay
| A HERMES-A,; A HERMES-A

B HERMES- Ay Hall A- total xsec, Ay
O CLAS- A @® CLAS- total xsec. Ay

—_
=
I

I

planned DV CS at fixed targ.:

[C2] COMPASS-do/dt. T g Argr Acsr

//‘ / y 1 F : [ 1 JLABI2-do/dt. Ay Ay Ay

[ future colliders: EIC...

After 2028

BNL EIC Science Task Force and NdH update in 2015

10 ¢ E
S .+ . ...Gluons |,  ,  Sea quarks , , ,  Valence quarks, ]
10~ 10~ 10~ 10" 1

29
Xg



30



B'(GeV/cy

'COMPASS2012, hep-ex/1802.02739, subm. to PLB
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& COMPASS: =0%'= = 1.8 (GaV/e)? this wark
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