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Measurement of exclusive cross sections at COMPASS

DVCS: n p > ll' p"Y at small transfer

LIN
pl

Both fﬁ and },L_" beams
Polarisation ~ £80%
Momentum 160 GeV/c

COMPASS:Two stage magnetic spectrometer

surrounding the 2.5m long . : for large angular & momentum acceptance
LH2 target “,,/é ECAL1 Particle identification with

> | RICH, HCALS, ECALs and muon filters

ECALO NIM A 577 (2007) 455; NIM A 779 (2015) 69
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» A ='-C"AMiE'RAfiEQ"cizoi{'proton détector
iop Ssurn ﬁdiﬁgthe 2.5m long
i 'LH2-target "

A + SIDIS on unpolarized protons

2012:
1 month pilot run

2016 -17:
2 X 6 month
data taking




Deeply virtual Compton scattering (DVCS)

D. Mueller et al, Fortsch. Phys. 42 (1994)

X.D. Ji, PRL 78 (1997), PRD 55 (1997)
L , A. V. Radyushkin, PLB 385 (1996), PRD 56 (1997)
Q large- Xy ~
v* | N\J*\P Y DVCS: tp—> ¢ p’ y
L (X+E)P (X - E)P the golden channel
Factorization oo R because it interferes with
soft GPDs the Bethe-Heitler process
Generalized Parton
p Distributio p’ also meson production

po>Up' =, p, ®or (I) or J/y...

The GPDs depend on the following variables:

X: average L
5 quark longitudinal

) . The variables measured in the experiment:
&: transferred momentum fraction P

Eq, Q2 ag~ 28 /(1+C),

t: proton momentum transfer squared

related to b, via Fourier transform t (or Oy*y) and (I) (EE’plane/yy* plane)




Deeply virtual Compton scattering (DVCS)

L’ Goeke, Polyakov, Vanderhaeghen, PPNP47 (2001)

hard (X+EP

Factorization ..~ . . o X Tl

soft
Generalized Parton
p Distributio p’
— tsmal
The amplitude DVCS at LT & LO in Olg (GPD H) : Real part |maginary part
H(x ci t) +1 H(xf;,t) :
H= dx iTH(x =+ t
t, &ﬁxe'(!‘ x_a-l_ls f x—é ( &‘" E‘" )
In an experiment we measure 1 2x Im(x,t)
P ReH (€, 1) = n'! f dx 2+ A(E)
Compton Form Factorﬂ 0 — ﬁ 5



Deeply virtual Compton scattering (DVCS)

M. Burkardt, PRD66(2002) M. Polyakov, P. Schweitzer, Int.J.Mod.Phys. A33 (2018)
Mapping in the transverse plane pw) mGeVm”
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The amplitude DVCS at LT & LOinas (GPD H): Real part Imaginary part

_ rt1 H(x,&_,,t) - +1 H(x,ﬁ,t) : . a}§
}{?xe{—l dx P PJ_ . dx e Tim H(x = £&,&,t)
E: &
In an experiment we measure LY, 2x ImH (x,t)
H(E, t) =nt f dx + A(t
Compton Form Factor H RH (S 1) 0 x4 — &2 (£) .



Deeply virtual Compton scattering (DVCS)

.
e

do=|T

BH| 2 4 | TPVCS |2 + Interference Term

Loty = (py) = doP? 4+ (d :DVCS + Prd rD;CS) +(efRe I +¢,P;Im )
drgdO2dfldd  welknown |\ wmpol T L pol : o




Deeply virtual Compton scattering (DVCS)

..f"'{i—)"“-n_ . __’Effé}:f;:': S
ST do= T2+ | TV |2 + Interference Term
' ' - H VCs ves _} g
dxzdO2d||dp &ﬁ{iwn + (d(rf;}pof + Py dtrif.’a; ) +(e/Re I +¢,P;Im 1)

With unpolarized target: Belitsky, Miiller, Kirner, NPB629 (2002)

(d(rBH o« g+ P cosd + B cos 2¢ \

Twist-3

-DVCS DVCS , DVCS . DVCS

dc mpol < €0 + ¢ COS P + - cos 2¢
VCs DVCS _:

dc ol < 5 sin ¢

Re/ « c“{; + {?{ COS ¢ + r:i_; cos2¢ + cos 3¢
\ Im/ « 5‘; sin ¢ + 55 sin 26 )
oL suppressed -

Twist-2, NLO
double helicity flip
suppressed by oL



Deeply virtual Compton scattering (DVCS)

Tdo= |TBH|2+ | TOVGS |2 + Interference Term

4 (T(fp_/; Py _ rBH :DVCS - )—DV\C-& m
d‘}"BdOEdlfldd) - Viﬁknown+ (d( unpol + PE d( pol ) T (Elf c €el7¢ M D

With both |,F and u? beams we can build:

BH BH | BH . . BH . .. —
© beam charge-spin sum do < ¢t cosg+ s cos2o Twist-3

. e e
X 3 dcrﬁfpzf o cﬁ” o 4 c‘?I ©5 cos o + cos 2¢
= do + do e f—
dc pol S sin ¢

Re/ « cg + ::jr COS ¢ + r:i_; cos2¢ + ¢, cos 3¢

Im/ o s sing+ s;sin2¢

Twist-2, NLO
double helicity flip
suppressed by oL



Deeply virtual Compton scattering (DVCS)

> do= |TBH|2+ | TOVCS |2 + Interference Term

d*o(lp = lpy) = ves e
= do?7 + (dch S+ PpdoPl ) +(e/Re I+ ¢, PyIm I)
dJ‘BdQEdlfld(f) Well known unpol pol
: & - :
With both u* and p~ beams we can build:
BH BH , BH . .. BH . .y
© beam charge-spin sum do < ¢, +c]Ccosp+cy cos2o Twist-3
_ VCs DVCS | DVCS A
_ dar{i R ‘:Lo‘ﬁmmF x + ¢ cos ¢ + cos 2¢
- doPVCS o $PVCS gin g
. ol 1 -
@ difference g L .
+ — Re/l o« c¢,+c;cos¢+c,c082¢+ ¢ cos3d
= do" —do ™ Tm / I o I
m/ o« 5 8mMmd+s,sm2o

Twist-2, NLO
for proton ici i
sl Im @ [c;' « Re F| [F = F.9 + H— E PPN g double helicity flip




COMPASS 2016 data Selection of exclusive single photon production

Comparison between the observables given by the spectro or by CAMERA 1 )i |2
p’ —>Y
(]
DVCS: pp2>> pn py
AQ = charn _ ws:}ec. -’\.DT _ |.D?|.am| B |p:-per..|
2 COMPASS . ~ [ COMPASS .
— Al _ Spoc g F . = .
1) Ap = ¢ ¥ g 1) proton “ " S - 2)proton ¢ .
y R e 250[- aZimUthaI : : * l“l gm}o momentum " ¢ p'
2) Apyp = p™ = prP™ £ rangle ¢ p;
W . = 300 .
3) Ay W = Zﬂ{-nm _ Zﬁiz“ml[l vertex 50| . ' ng/led “ - ' nghed
; A , .DDE_ . R 200:— ']
12 — 3 . . : .o .
4) hI X=0 — ( J”ﬂl—l_l Pin I-'”Ull[ I Pout I)T) S0 'l ¢ ‘l’ e l o* % l
;"“'"...tﬂ‘ u..““_“" ;'t“i‘"“'“. L] .“.“.‘*”“
‘_ _’ . 5 04 03 -02 L“l D 0 02 I}3jl;-EradI]]5 4 0.3 -0.2 -01 0 01 I]‘;pT [%IJEVI’CD]-I
Good agreement between p* and W yields |
] AZ,=Z7" -2 Mindet = (k+p-K'-q"p')°
Important achievement for: § [ comnss S| Tef  cownss -
g - 3) proton  4as . n E 4) Energy .
4 —_ W 2001 4ok ¢ 1 &  momentum 2
- N iar dane fir : . 5 '
O = dr" +do » | . position , > - balance
- : ¢ applied £ F ' applied
+ — ol * . cut A& 2001 . cut
9 d — d — i : . - e
= a — A f ne , rol , sof S 3, 100 . .,
; E ..l" ‘t... F o 4 ..-" 'o-.... *0enes
—DM.I.—'IUI”I—E : I[I)IIIIEI. = 12}””:5*.“20 —%“n”—?}!% —.UIE Ilﬂlé”lﬂl1 : :I : IJ'I EIIQIHl;]II;I I:I'III-I Ig

AZ, [cm] MZ ! [(GeV/ Cz} ]



COMPASS 2016 data

80 <v [GeV] < 144

00
T COMPASS

7

o]
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500

- Pure BH
400 contributio

300

Entries / 22.5 deg/ 2.10%

200/

n

+ data
— MC BH

MC incl. =
B MC excl. n°

Xg; ~ 0.0085
Q% ~ 1.8 Ge\

L

/2

DVCS+BH cross section at Eu=160 GeV

BH DVCS
| |
S
,{‘_‘) P __,,,,f{i"}w-'i::jj"'

32 < v [GeV] < 80

= 200

= - COMPASS
180

2.10

150._—

140

Entries / 22.5 deg /

+ data

— MC BH

| MC incl. =°
I MC excl. =°

X5; ~ 0.020
Q? ~2 GeV?

do a |T8"|?% + Interference Term + | TPVCS |2

H

h
(=]

30

Entries / 22.5 deg / 2.10"

20

=1]
(=]
T

- COMPASS

= do (u*) + do ()

10 < v [GeV] < 32

+ data
— MC BH

| MC incl. =x°
I MC excl. =

X5 ~ 0.063
¢ Q2~2.1Ge)?

-
100— [ . le o
_— : - 20 , .o LI
UT-FJ_F__,__'__—J',_;Jl‘I__lJlJI_I_JlJ ™ o I S T T I A |
0 1 2 3

-2 -1

-3
Data/BH=98.6 +1+4%

o [rad]

3
¢ [rad]

DVCS above the BHcontrib.
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MC: BH contribution evaluated for the integrated luminosity

n° background contribution from SIDIS (LEPTO) + exclusive production (HEPGEN)



COMPASS 2016 DVCS cross section for 10 < v < 32 GeV

At COMPASS using polarized positive and negative muon beams:

+ —
— — — — BH Vcs
= r Tdo =
dc de 2[do ™ + doy) P+ Im 1]
rfaly . .
= 2[do?? + VS cos o + cos2¢ + 5! sing + 5% sin 2
1 - 1 2
calculable All the other terms are cancelled in the integration over ¢
can be subtracted
&
s ,:_ COMPASS
> = B
dga'tf\p " BEH DVCS s B=6.6+0.6,, 0.3, [(GeV/ic)? ]
dQZd i = / d@ (dJ —do ) X ¢y _'.5 i given bystaEl binned maximum
i rat —Tr > o likelihood technique
Mz T E
» o - N
do7 P 1 d?ah? Toor
p— - : 1?
dt Q% v, E,) dQ?*dvdt S
— 1(GeV/ic)®<Q? <5 (GeVic) ?
Flux for transverse ~ 10GeV<v<32GeV
Virtual phOtonS | 1 1 1 | 1 1 1 ‘ 1 1 1 | 1 | 1 | I | 1 1 | I |

107"

o

0.1 0.2 0.3 04 0.5

It [(GeV/c)? ]
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COMPASS 2016 Transverse extention of partons in the sea quark range

doPVes/dt= eBltl = BV o (ImH)?

o ~ -~ t
VS o A(HH +HH) + W&'S*

In the COMPASS kinematics, xg= 0.06, dominance of ImH

97% (GK model) 94% (KM model)

ImH = H (x=¢, ¢, t)
X=E~Xg/2 closetoO

G(r.b.) = f %ﬁ-‘f‘bl'&—ﬂi(;zr.{]. N

, 2 2 (
<b2 >J _ J d*bibiqp (2,0)) =-4(—}10ng (@, € =0, %)

[ d?b,qf (z,b))

t=0

(0% (2)) = 2B (¢)

B ((GeV/c)?)

8
L COMPASS 06
— — —
= —_——
T el LT '.', ------ T:_::-""" —
6 }T """"""""""""""" kil kil
oL ; ;
- ¢
41—
3~ ° COMPASS: <Q*> = 1.8 (GeV/c)>  This Analysis 0.2
~ ° COMPASS: <Q* = 1.8 (GeV/c)’>  Phys. Lett. B793 (2019) 188 ks
2 ¢ ZEUS: <Q% =3.2(GeV/c)?  JHEP 0905 (2009) 108 -
L A H1: <Q% =4.0 (GeV/c)
’ E HA- <% = 8.0 (GeVIcy } Eur. Phys. C44 (2005) 1 —0.1
B [ H1: <Q% =10. (GeV/c)®>  Phys. Lett. B681 (2009) 391 _
O 1 1 | 1 1 1 1 II 1 1 1 1 1 11 II 1 1 1 | 1 1 11 0
10 107 1072 107"
, , Xm/Z
:82: f 108 Egzgig; } KM15 model from Kumericki & Mueller
—_—— <Q’>=1.8 (GeV/c

? }
________ <@ = 10. (GeV/cY GK model  from Goloskokov & Kroll
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COMPASS 2016 Transverse extention of partons in the sea quark range

o 2012 statistics = Ref
dGDVCS/dtz e'B|t| — c‘gﬂf{' 2 oc([mf]-[)z 2016 analysed statistics = 2.3 x Ref
2016+2017 expected statistics = 10 x Ref

—_— 8 _—
o _06 N
2 (. > ~ 9 = B COMPASS E
<bJ_(T) N._.B(&.) S 7 T— A
)] :' ___________ — S=e—, o
(D ........ 1 __________ ::__:_____ _\C?
= A —— T bl LRI
o ° +T * """" + .............
5_
K
41—
3~ ° COMPASS: <Q*> = 1.8 (GeV/c)>  This Analysis 0.2
B ) COMPASS: <Q%> = 1.8 (GeV/c)>  Phys. Lett. B793 (2019) 188 s
2— ¢ ZEUS: <Q%=3.2(GeV/c)>  JHEP 0905 (2009) 108 -
— A H1: <Q% = 4.0 (GeV/c)
1 v H1- <Q2 =8.0 (GeV/c)2 } Eur. Phys. C44 (2005) 1 —0.1
B ] H1: <Q% =10. (GeV/c)>  Phys. Lett. B681 (2009) 391 i
3o difference between 2012 and 2016 data 0 o o L g
» more advanced analysis with 2016 data 107 107° 1072 /120‘1
o . . -
» n% contamination with different thresholds <O = 2 o Bi
.. . . ) . ) Q 1.8 (GeViey } KM15 model from Kumericki & Mueller
> binning with 3 variables (t,Q%,v) or 4 variables (t,§,Q%v) = = =w=w=- <Q@*> = 10. (GeV/c)y’
—_—— <Q’>=1.8 (GeV/c

? }
________ <@ = 10. (GeV/cY GK model  from Goloskokov & Kroll
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GPDs and Hard Exclusive Meson Production

Factorisation proven only for o, 4 chiral-even GPDs: helicity of parton unchanged
Quark contribution q q (as Sivers
Vieson G Hi(x, G, t)  E(x, G, t) > A FOr Vector Meson

ﬁq(a:, g, t) Eq(m, €, t)  For Pseudo-Scalar Meson

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

(as trans-
Hq(GS F; )ver5|ty Eg(w' ED’ t) E, 2 i:iq E4
= +
H?(a:, g, t) E?(a:; gi t) .(ras Boer-l\/ITJ|deI’S) !

o, is asymptotically suppressed by 1/Q? but large contribution observed
GK model: k; of g and g and Sudakov suppression factor are considered

Y >V,
sensitive to Hq
0- ++ T

The meson wave function
Is an additional non-perturbative term

and to a twist-3 meson wave function

16



compass’ '~ HEMP with Transversely Polarized Target without RPD

EIF=

Gparity: G(m)=-1; G(p)=+1; G(w)=-1

po—>n T['

E“@ Ed 4

COMPASS, NPB 865 (2012) 1-20, PLB731 (2014) 19

& 0l ;- ’
s 005 [ f- Im(E" H)
=5 ol ¢ : 4 ' 4
= it —
—0.05¢ a 3
-0 1 : , . . :
& 0.1 . =
g_:::ﬂ.ﬂﬁi— - Im(E.iFT- H'H T)
OF——4 ' ' TFY_T
005 * Tt ++ Tt t
0 005 01 2 4 0 02 04
Y5 07 (GeVYd) p2(GeV/cd)

(D—) T[ o
E~ Eu@ Ed __i)
COI\/IPASS, NPB 915 (2017)
0.5 -
] Im(E H)
: +
S5 O g
5 ¢ .
-0.5
0.5
gy of T $
_0'5-|.|,|.|-|.1.|-|.J.\.!
1 2 3 40 005 010 0.1 0.2 0.3
Q? [(GeV/cY] X p2 [(GeVic)]

E" and EY of opposite sign
® IS more promising
(see the larger scale)

but there is the inherent
pion pole contribution

[Now—n%)= 9><F(p°—> % )

» positive mw form factor
» no pion pole
» negative mw form factor

GK Goloskokov, Kroll, EPJC42,50,53,59,65,74 GPD model constrained by HEMP at small x,
longitudinal y,* p — M p and transv. polar. y;*p—> M p
quark and gluon contributions (GPDs H, E, H;, E; ) and beyond leading twist

17



exclusive VM production with Unpolarised Target and SDME

Ot i istri ' : oo |
E f1>_ N experimental angular distributions: . | Ay * =V,
. ) 1] Yo* —> Vi
lepton W[ +L ((I); (fb: CcOS C,_)) — W'r ({I)'. (,—). COS (.E.]) _|_ Pb WL ((I): (fb: CcOSs (—)) Im ry., S —

scattering—plane 5
Re rig | © B: interference

&
Im LT L. ’YL’I_‘—)_\/L

Im T & YT* _)VT

g iN' o 46 15 'unpolarized’ and 8 ’'polarized’ SDMEs Reefy [

T Re r%

Cy* >V,

1
; _ 301 . 1 ) .. , , ) ‘ Re ry
WY (@, ¢, cos ©) = [5(1 —ro3) + 5(3?”8[% — 1) cos® © — V2Re{r{3}sin 20 cos ¢ — ¥t | sin? © cos2¢ 2

872 — — Im 3

—ecos 2P (-r’h sin? © + "‘éo cos? © — \/§RC{?‘%O} sin 20 cos ¢ — 7’}—1 sin® © cos Q(;b) 1
sin 20 (V2Im{r2, } sin 20 sin ¢ + Im{r2_, } sin® © sin 2¢ mry |
—esin 2 m{rio}sin20sin ¢ + Im{r{_, } sin” © sin 2¢ mri |

- - - = ! T
» 5 . 9 5 9 5 e . : ) .
+4/2c(1 + ¢)cos @ (] sin® © + 1y cos” © — V2Re{r]y} sin 20 cos ¢ — r]_, sin” O cos 2@) g [rremeeeee———

— i | D: ’Y ¥ _y\
5 ‘N T
. ) . ‘ , ry.
+1/2€(1 4 €)sin ® (\/ilm{rﬁ’”} sin 20 sin ¢ + Im{r{_, } sin? O sin 2(5‘)) !
I Imry,

T
Im 11

3

WL((I),';*)?COS@) = —
e close to 1, 8

1.1

L . .
small 7/ ++/26(1 —€)cos P (\/§Im{rﬂ)} sin 20 sin ¢ + Im{r{_,} sin? O sin 2@) g [T
no L/T separation — ] LByt Vg

{\/ 1 — €2 ('\/5:[111{?”:130} sin 20 sin ¢ + Im{r}_,}sin® O sin 2@')

8
Y1

+4/2¢(1 —€)sin® (-r“fl sin? © + r5, cos® © — V2Re{r{,} sin 20 cos ¢ — r{_; sin® O cos 2(-3') 1 |

Im .1




COMPASS 2012 Exclusive p° production on unpolarized proton

I r‘;’lﬁ. Aol yiop? Ll If SCHC (A= A,) measurements:
I — 2
o e rg+Im{r = 0= 0.000£0.005+0.003,
ff 0| B: Interfersnce §—p & Yr—pr Re{rot +Im{r%}= 0 = 0.011+0.002+0.002.
mirp -
::”::0 .- []]]{;*}rﬂ}_Re{r?ﬂ}: () = 0.009+0.014 +£0.028
CTIRN N by L e S|
Re 1 LC: yr—py . All the other SDME in classes C,D, E should be O
Re r"m i o | not observed for class C
Im r, i o .
s | g l #
i j s }bﬁo <Re[(E; ) KH) +E(HI>H<E>L;] From Goloskokov and Kroll,
i EPIC74 (2014) 2725
Imry, i =
[ e Fp®=2/3F\ + 1/3 F ﬁ B
;' D:m—pr - =>» The first term dominates and 7;, probes E,
- =
Imr} i « .
im | =1 COMPASS (H', HY) of same sign
fu | Lo to be submitted (EY, Ef) of same slght
e eiGii (Hy, Hy) of opposite sign
1| E:proph ‘| <W>=9.9 GeV (E", E°) of opposite sign
| ! 2 <p;2>=0.18 Ge\2
MM e e e e e e e e b

-03 0.2 -0.1 -0 0.1 0.2 0.3 0.4 0.5 0.6
CIOINME valirs
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COMPASS 2012 Exclusive o production on unpolarized proton

i te | Ay oo, il If SCHC (A= A\) measurements:

"o I, J —=—+ N
Y B - Fl+Im{2 3= 0 =—0.010£0.0324£0.047
Rorlo | Binterforence | = Re{r5} +Im{rS}= 0 | = 0.014£0.0114£0.013,

| TL—}mL&TTﬁmT

3 = m{r,} —Re{rS}= 0 | =—0.088£0.110%0.196

Rert (TT_}mL L e All the other SDME in classes C.D. E should be 0
= not observed for class C

*

“1 : - = . 1
! j ?bﬁo <Re[(L;) KH),, +EKHI 7K E) 12 1| From Goloskokov and Kroll,
EPJC74 (2014) 2725

e v Fo=2/3F*-1/3F
' LT — =» Both 2 terms are important

Imr, | — m MPAS (H', HY) of same sign
o [ | = — CO > (E}, E9) of same sign

| —=. —EPJC8] gozz 11) ézvi (H¥, HY) of opposite sign
x ‘ T IC S
- ::1.1 By, -0 fHH W 6 GV (Ev, E%) of opposite sign
11 :_
Im [':]i_] -- S TS Sn e e e ; -I ey .I TR .I 1 |<FI:T2|>=| c)-.1|6 -(5e|V|2 1
-0.2 -0.1 0 0.1 0.2 0.3 0.4 20

SDME walue



COMPASS 2012

Comparison ® and p° production

Natural (N) to Unatural (U) Parity Exchange for v — Vr

3,1

P - “I'_y
Ty _,.04 _~ .04
Poo ~ <M1=
- n
1 -- | | ' I
| |
0.5Ff
0 ...........................
05}
R g L 1
2 4 6
Q? (GeV/e)’
|
p Integrated P value
05
N
| |
051

Q* (GeV/e)

_ dU‘N('y; — Vr) —d(rU(y; — Vr)

d(r (yT — VT)+do' ('yT — V)

0.5}

0.5

05

0.5 F

==

| " 5 n Lr u L " u
0.5t
............................. | S
COMPASS | #6 pe submitted
Yy R TR T
p3 (GeVie)® W (GeV/c))
L 1
COMPASS EP&g?l (2021) 126
ISR B IS
i skt
[P RN BT I R | S P B B
0 01 02 03 4 6 8 10 12
p2 (GeV/e) W (GeV/ch)

The pion pole exchange (UPE) is large for ® compared to p°

[No—>ny)=9 xI'(p® > ny) as for the transition n°V FF

Cl 7@ : :
Ly It plays an important role in
i ® production for:
o i
!
/,/G\ YT* ” V
p p

P~1 =» NPE dominance P~1
NPE with GPDs H, E

p°

(D: P~0 > NPE ~ UPE
UPE dominance at small W and p;?
UPE with GPDs H E and the dominant pion pole
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COMPASS 2012 R =go,/o; for exclusive p? production

G (y*—V) . . 7 7
=% for all the experiments with Q% > 1 GeV
o(y;* = V) _
04 > 2
_ ] r{m . 'o_]
e —"Hﬁ only if SCHC 110 =
In COMPASS domain evaluation of R and B +
D o B Q?/M 2. o §
R considering violation of SCHC (and only NPE) - p r
e 2 B .- ‘
a1g| ’B T o"
1.6 © R T 1? .[P
- ° ® COMPASS
1.4F i — W H1
1.2} § Q B M H1SV
i ZEUS
1 I§ B ¢ NMC
0.8F E§ L E665
0.6F L HERMES
G%;ééiéé 10—1|||| L 1 1 L Lo
0? ((GeVic)) 1 10

Q? ((GeV/cy)
Deviation from the pQCD LO prediction in Q?/M*: QCD evolution and g;

COMPASS to be submitted  Transversize size effects of the meson smaller for &, than for o;
22



COMPASS 2016+17 Outlook for DVCS and HEMP

+ —_
v' DVCS andthesum .= do< +do—

=>» ¢, and s, and constrain on Im# and Transverse extension of partons

_|_ —_

v DVCS and the difference = do" —do ™’

=> ¢, and constrain on ReH" and D-term and pressure distribution

v" On-going analysis (Cross section, SDME) for HEMP of n°, p°, ®, ¢, J/w

v’ Transversity GPDs

v" Gluon GPDs
v" Flavor decomposition
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Exclusive single photon events selection at high Y

80 < v [GeV] < 144

ﬁ(P = (pcam. - (pSpec.

Apr = |preem| - |prvee,

Az, = z,cam. - 7z, spec.

M2 get = (K+ p-k"-q"- p’)?

Each variable is plotted with the cuts on
the 3 others applied

Entries / 0.025 rad

Entries / cm

[2*]
on
(=]

:

150

100

=PRC.

AP = ¢=" - ¢

COMPASS preliminary

MA - Z;am _ z:ter.

® data

B .
A [rad]

COMPASS preliminary

® data

— MCBH

trvalverr bevvalvaan
a 5

-10 -5

10 15

utand p-yelds
renormahised to 10!2 muons each

s £ 8 8

Entries / 0.02 GeV/ ¢

g

200

Ap_ = [pS™ - o7

COMPASS preliminary P
ata

=01 [i] 0.1

Y

-0.2 0.2

o 4
Ap. [GeVic)

M per = (K+p-K'-q"-p')?

COMPASS preliminary e
ata

— MC BH

—I'?.‘r.ﬁ -04 03 02 -00 o b1 @2 03 04 05

MY o [(GEVI 67
25



Muons

80 < v [GeV] < 144

g 160 COMPASS proliminary
w

data

COMPASS preliminany

Evanis

Beam muon

COMPASS pealiminary

+ data

L

COMPASS praliminary « data

— MCBH

EdE 3§ 58

i 140 ] i)

P, [Gevie
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4002—

JIIIi—

o

-

Evanilg

Scattered muon

g
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COMPASE praliminary

* data
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Photon - Ecal2 (Bethe-Heitler)

£
80 < v [GeV] <144 § s . B
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Proton

80 < v [GeV] < 144
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GPDs and Hard Exclusive Meson Production

Factorisation proven only for 4 chiral-even GPDs: helicity of parton unchanged

The meson wave function (as Si

is an additional non-perturbative term Hq(wr g, t) Eq(m; &1 t) aihl(\;czrs/l) For Vector Meson

Quark contribution Hi(x, §,t) E9a, &, t) For Pseudo-Scalar Meson
Meson qq

Flavor decomposition (val and sea quarks and gluons) Diehl, Vinnikov
PLB 609 (2005)

T 37 FforH, E..

Fpo = E(JF“ -3 1Py g?”) v'HY HY of same sign

P L( )F" 1 Ff’ . i}_?i) o, (po) ~ 9 x o} ((D) with Unpol Target
2 3 8 x of opposite sign

V2'3 v'EY E9 of opposite sig
]. l sin —C.)
I : __Fs __Lg AZ@=0) | Im[(E)(H
Gluon contribution at the same order in o Fo="3 8 x ;rf;d)_q)) " Efn((:_d)g >j
. Neutral Vector AT (@) > Ayt ™ (pP°) with Trans Pol Target
Meson qq Access to the GPD E with transversely polarized target

with DVCS on the proton or Vect Meson - OR - DVCS off the neutron

the Holy Grail with E: to reveal OAM
Jiz 209 = x (H9 (x.£,0) +E9 (x£,0) ) dx
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COMPASS 2016 data n® background estimation

70 are one of the main background sources for excl. photon events. u H
Y
Two possible case: 5 >
= Visible (both y detected =» subtracted) p = Y
the exclusive single photon candidate is combined with all detected photons
below the DVCS threshold: 4,5 GeV in ECALO, 1
fei : Visible Pi i
= |nvisible (one y lost = estimated by MC) = eSS
| b
R Bl MC incl. n°
N = B MC excl. 1°
» Exclusive HEPGEN 7t° ‘g I
» (Goloskokov-Kroll model) 8 5
Comparing the two components to the data allows 3 "
the determination of their relative normalisation. :F
The sum of the 2 components is normalized to *ﬁfg fW ﬂﬁﬁ%n
M, [GeV/c?)

the visible ©® contamination in the M., peak .



COMPASS 2016 DVCS cross section for 10 < v < 32 GeV

In 4 |t]| bins with similar statistics
v p—yp’ - : . 2 z
ngv('jq /d |t|d@ B 0.08 [{GE‘VI’CJ :|-: [t] < 0.136 [{GEV.-‘C} ] E 0.136 [[GE‘V-"CJ ]{ It| < 0.219 [{GEV.’C} ]
!l COMPASS ] E . COMPASS
, . il o 30— |
10 GeV < v < 32 GeV £ | Lz /I \L |
1 (GeV/e)2 < Q% < 5 (GeV /c)? \f\ / | \—T ” \ / T |
0.08 (GEV/{‘)Q < |t| < 0.64 (GEV/::;’)Q :, \fh,__j.' - ik |
f(#) =co+creos(d) +eacos(20) + sisin(¢) +sasin(20)] & F 7 T T gwh T F T
0.219 [(GeVic)? | < |t| <0.36 [(GeV/ic)® ] 0.36 [(GeV/cf | < |t| < 0.64 [(GeVicy ]
C,PVCS o (ImH )? st (Im#) 3 T E
0 1 [ L COMPASS
N 5. COMPASS 5
Results of the fit of do )\ /.o /d|t|dé [nb (GeV/e) 2 rad_l:| g. 3'_ g. ?:

t|-bin  [0.08.0.136] [0.136,0.219]  [0.219,0.36]  [0.36, 0.64]

o 4.26 + 0.48 2.73+0.31 1.38 £ 0.17  0.38 £0.08

1 032 L0.73 0.04 1 0.45 0.06 L 0.25 0.12 L 0.12

o 1.30 £ 0.67 0204044 0354024 —0.20+0.11
i_'.«? p o IREOGT T TTTT00E 043 00T £ 024 0.7 £ 0001

S 0.09 £ 0.78 044031 0.33 £0.23 0.33 £0.10




COMPASS 2016

BH+DVCS cross section at Eu=160 GeV

At COMPASS using polarized positive and negative muon beams:

_|_ —_
2der + dorDVCS

= do +do™
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+ Im /]

—_ H DVCSs | I - I _.:
= 2[do? + ey < cos g+ cos2¢ + s sing+ s5sin2¢ ]
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8 GPDs in parallel of 8 TMDs

Quark Polarization Quark Polarization
Unpolarized | Longitudinally Polarized |  Transversely Polarized U L i
(V) L (M
= ok - . U f; @ h @ - @
v H |ET: ‘-H'f + h'f' | Q unpolarized Boer-Mulders
§ N
B 7 E, ElL HC 2O LNOR0,
: S e
T =
: 7| g v O O-O|" Q0
T 1.. L l,j }[! % T fes - @ it - transversity
Siver trans-helicity h” =
(worm-gear) 2
pretzelosity

Q Nucleon spin *>  Quark spin

For valence contributions:

HY HY of same sign EY E9 of opposite sign
HY HY of opposite sign EY Ej of opposite sign
H." H,% of opposite sign E; E; of same sign
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GPDs and TMDs

Chiral-even

1
< =)
E flT
the Holy Grail: to reveal OAM
Jiz2J9=[ x (H9 (x,£,0) +E9 (x,£,0) ) dx

Chiral-odd

Er

H«-ﬂbq

Hp <= h,
= ZﬁT +E. - H,

>

>

Sivers: quark k;

and nucleon transv. Spin T-odd
Transversity: quark spin

and nucleon transv. spin
Boer-Mulders: quark k; T-odd

and quark transverse spin
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FIG. 8. The two-photon invariant-mass distribution M, after all
exclusivity cuts have been applied, for the case where the two photons
are detected by the IC. The large peak at lower M, is due to x°
electroproduction and the smaller peak at higher M., is due to 5
electroproduction. The inset magnifies the region around the 5 peak.

Eta and pi0
At JLab
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CLAS n data & GKfits preliminary

da/dt(y p—np) [nb/GeV?]
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dofdt{y "p—n"p) [ nb/GeV? |

n  GK2016+ prediction n

For COMPASS
v L J

S0 12
W=7 GeV. Q" - 2 GeV* 4 Or+EG — O = 2 GeV?, Model-3
— Model 3 . 07 . )
2ar o oae 10} W= 7 GeV Q 2 GeVZ, Model-2
Mode! 2 — F = 5 GeV?, Model-3

=== ®= 5 GeV?

do/di(y “p-=np) [nb/GeV?]
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