Use of positive and
to study exclusive

Positron beams at JLab

negative
reactions

Positron Working Group Workshop, Washington

polarized muon beams

at CO

Nicole d’Hose, CEA, Université Paris-Saclay
20 March 2024



SUISS[
IRA\)(

K p/m)&lepton( 80% polarlzed
» w-ga‘f-hggh /energy =160 GeV




Positive and Negative Polarized Muon Beam at COMPASS
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Discussed In this talk:

Advantage of positive and negative polarized
muon beams for:

1. Deeply Virtual Compton Scattering  (DVCS)

2. Exclusive O production



Measurement of exclusive cross sections at COMPASS

DVCS: € pPA €0pPO atsmall transfer

>
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Both € and % beams
Polarisation 80%
Momentum 160 GeV/c

COMPASS:Two stage magnetic spectrometer

surrounding the 2.5m long for large angular & momentum acceptance

LH2 target ,/ ECAL1 Particle identification with
> g 7o) | RICH, HCALSs, ECALs and muon filters

ECALO NIM A 577 (2007) 455; NIM A 779 (2015) 69
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Deeply virtual Compton scattering (DVCS)

The GPDs depend on the following variables:

X: average quark longitudinal
: transferred momentum fraction

t: proton momentum transfer squared
related to b via Fourier transform
QZ2: virtuality of the virtual photon

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» dp’

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

also meson production
p dp’ % , o ordl

The variables measured in the experiment:
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Deeply virtual Compton scattering (DVCS)

ao Goeke, Polyakov, Vanderhaeghen, PPNP47 (2001)
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The amplitude DVCS at LT& LOin  (GPD H):  Real part Imaginary part
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In an experiment we measure Compton Form Factor H



Deeply virtual Compton scattering (DVCS)

M. Burkardt, PRD66(2002) M. Polyakov, P. Schweitzer, Int.J.Mod.Phys. A33 (2018)
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Deeply virtual Compton scattering (DVCS)

/ l- BH DVCS
6‘,0 m, ex) and | —
7k N {
" G ¥s : + +
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4. = |ITBH 2 DVCS | 2
do = |TBH2+ |T/\ | + Interference Term LOTwist-2
dﬁ]‘([p — (py) _BH :DVCS )_DIES‘ ) Re 7+ oo 1 \
dxpdQdlfdp V::/:zﬁknown i (d( npol + L d pol ) (ecRe [+ ecPelm I)
With unpolarized target: Belitsky, Miiller, Kirner, NPB629 (2002)
(drPH « co™ + P cos ¢ + 3 cos 2¢ ) HT, Twist:3
VCs pvcs |, DVCS DVCS suppressed by 1/Q
‘:Lo‘ﬁ?pﬁ'”F x ¢y 7 +c CoOsS¢ + 5 7 cos2¢
de p;}'(.“S o Sjl_"JVCS Sin(f)
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NLO,Twist-2
double helicity flip
suppressed by .



Deeply virtual Compton scattering (DVCS)
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With unpolarized target:

Belitsky, Miller, Kirner, NPB629 (2002)

(d(rBH o« g+ P cosd + B cos 2¢ \
, : o —
With polarized electrons de m;(éf o c“é” cs 4 C.;DI(.S cos ¢ + AT cos 2¢
— —
do™ —do doPVes DVCS _:
T ol S Sin ¢
With electrons and positrons Re / c“{; + {j{ cos ¢ + C‘; cos 2¢ + . cos 3¢
T - : oA |
do —do Im J sl sin ¢ + 57 sin 2¢ )

LO,Twist-2

HT,Twist-3
suppressed by 1/Q
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suppressed by .



Deeply virtual Compton scattering (DVCS)

. Yo Ya .
With both * and beams we can build:
- beam charge-spin sum doP? o B+ P cos ¢+ 5 cos 2¢
- - VCS DVCS , DVCS .
A< + do™ ‘:Lo‘i,?”mF x + ¢ cos o + cos 2¢
. de VCSs o SDVCS Sin(f)
- difference pol l |
hl > Rel o« cl+clcosdp+clcos2p+ . cos3p
do” —do : :
Im/ o s sing+ s;sin2¢
+ - | + - |
dr+doe € s ImF o -do— & ¢, ReF
_ for proton
F=rH+ H E " H
at small x,

COMPASS domain
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COMPASS 2016 data Selection of exclusive single photon production

Comparison between the observables given by the spectro or by CAMERA
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COMPASS 2016 data
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COMPASS 2016 DVCS cross section for 10< <32 GeV

At COMPASS using polarized positive and negative muon beams:

+ —
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COMPASS 12-16 Transverse extention of partons in the sea quark range

o 2012 statistics = Ref
d DVCS/dt: e'B|t| — c‘gﬂf{' > (ImH )2 2016 analysed statistics = 2.3 Ref
2016+2017 expected statistics = 10 Ref

<b2 (’r)> ~ 2B (£) o COMPASS 196 E
L\)) = = s B T—— 1 &
O B4 dimimin T_"_"‘;':-_-_-_-.:_ — 2016 ¢ preim. 05 V
E 6— :[' .................... -u.:_:‘:- IIII ‘~,
i + ' + --------------------- NN 0.4
I >y Ny, ]
: R
R 2012 @ PLB793\,
4— 0.3
3~ ° COMPASS: <Q*> = 1.8 (GeV/c)>  This Analysis
B ) COMPASS: <Q%> = 1.8 (GeV/c)>  Phys. Lett. B793 (2019) 188 —0.2
2— ¢ ZEUS: <Q%=3.2(GeV/c)>  JHEP 0905 (2009) 108 -
L A H1: <Q% =4.0 (GeV/c) }
L v H <Q? = 8.0 (Gev/op J EUr-Phys. C44 (2005) 1 —01
B ] H1: <Q% =10. (GeV/c)®>  Phys. Lett. B681 (2009) 391 _
3 difference between 2012 and 2016 data 0 o o L g
U more advanced analysis with 2016 data 107 107° 1072 /120‘1
X..
U 9 contamination with different thresholds 2 - 2 Bi
.. . . ) . ) <Q>=138 (GeVic) } KM15 model from Kumericki & Mueller
0 binning with 3 variables (t,Q%,v) or 4 variables (t, ,Q%,v) = = ===-= <O§> =10. (GeV/cy
_—— <Q> =18 (GeV/c

? }
________ <@ = 10. (GeVic) GKmodel  from Goloskokov & Kroll
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Possible next steps for DVCS

.|_ —_
VCS and the sum do< +do—

D
C G, (ImH)? final conclusion using all the data sets 2012, 2016, 2017
Cs ImH

V

constrain on ImH and Transverse extension of partons

.|_ —_

V DVCS and the difference do~ —do ™
C c, and constrain on ReH (>0as H1 or <0 as HERMES)
for D-term and pressure distribution
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and using global fits of the world data

Global Fit KM15 Global Fits using PARTONS framework
Compared to GK Model GK Compared to GK and VGG Models
Kumericki, Mueller, NPB (2010) 841, private com. Moutarde, Sznajder, Wagner, Eur. Phys. J. C 79 (2019) 7, 614
55| IQ”:E!GeV” I -= CK NS PARTONS gIObaI Fitk GK
5ol — KMI5 ] PARTONS Neural Network - VGG
L 15 g to reduce the model depe_n_dencym
::j Lol PARTONS Fits NN 2018 crrrEEeE
03 for t=-0.3 GeV? and’| Q2= 2 GeV?
0.0 [

2 2 9 3 |
15| i ' < = = 3 100
S . g W o« :
10} T _
EE - \ ‘s o '20;
& st ~ [
0 e . ::‘--...___ — 0.5 30
—5F t=—0.3GeV?
1073 107 101 10° 6 105 104 10° 102 10- 100 P 5 2 5 2 1 0
X . - 10- 10- 10- 10- 10- 10
X/ (2-X,) X/ (2-X,)

Reminder with BCA: ReH <0 at HERMES
>0 at H1 (but not used in PARTONS?)

ReH is still poorly known (importance of DVCS with  at COMPASS, e at JLab or TCS at JLab and EIC)



GPDs and Hard Exclusive Meson Production

Factorisation proven only for

The meson wave function

Is an additional non-perturbative term

Quark contribution

Meson Q@

L

For Pseudo-Scalar Meson, as 7t°

chiral-even GPDs: helicity of parton unchanged

HI(x, ,t) EI(X, ,t)
chiral-odd or transversity GPDs: helicity of parton changed

Hg(x, , t) (as the transversity TMD)

related to the transverse spin structure and to the tensor charge

qu. =2 H-? + EC]I. (as the Boer-Mulders TMD)

related to the distortion of the polarized quark distribution
in the transverse plane for an unpolarized nucleon

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

Chiral-odd GPDs with a twist-3 meson wave function



GPDs and Hard Exclusive ° Production

d2o d* fT}, p 1 | dop doy dor
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l
+ 1/ 2¢ (l—}—f]((}su”ji + |Pj|\/2¢(1 — €) sin ¢
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With both ”* and 7 beams we can build:

- the beam charge-spin sum,
or spin-independent cross section d% x [{1 )|()y|* — 2¢ Rf.‘[{f}}*(f}} 411*5 2(E)| }
9 2 g l’lﬂ' ‘ a2 3‘!
Povy _L(Lovy m) a0 - - Gl @0,
didao dtdd dido dorr = .2
T X 1 {ETH .
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“v'p _ v'p L &/1 - &V Im [(Hr)(E) + (Ex) ()] .
( Gdo = dido ) I > % x €4/ v —t' Im [{ ) (E) + (ET1) ( )]




COMPASS 2016

Exclusive ° production on unpolarized proton

Comparison between the observables given by the spectro or by CAMERA

e pA €op °
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COMPASS 2012 - 16 spin-independent cross section for exclusive °

0 : : |
p A . p 1 d’o d*o 1 oy dor A dapr . o dor COMPASS
beams with >\ o — Tidos T 3 (E p7 + 7 + ecos 20, = + v/ 26(1 +€) cos ¢ 5 <xg>= 0.10
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! ‘ ! ! i
doy ~ )2_ L A 2 a’cr_T )it 2 B t = 2 orr t - 2 oLT V-t =
ko (H) A2 (E) ek [(Hr) - [(ET)] o7 o3 (ET)] o< 5 Re [(HT} (E)]
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ﬂ: ~ e 20l6data COMPASS preliminary 7'p — %' o e 2016 data COMPASS preliminary v'p — '
N ~ © 2012data (PLB 805 (2020) 135454) [~ ros 28 cev N 2012 data (PLB 805 (2020) 135454)
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O - L - & e [1. 5] GeV¥/ 2
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Models: GK Kroll Goloskokov EPIC47 (2011)

Also GGL: Golstein Gonzalez Liuti PRD91 (2015)



COMPASS 2016

spin-independent cross section for exclusive °

0 |7
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COMPASS 2016 spin-independent cross section for exclusive °

0 _ _ |
p A _ p 1 d%o 4 d2a )_ 1 ( oy doT + ecos 26 dorT +\/26(1 ¥+ €) cos ¢ dor T COMPASS
bea.ms Wlth- | N\ Ttdo. T dds. 1T 2 |\ I q R T, V= R I <xg>=0.13
opposite polarization ' closeto 1
] -2t = 12| do 2t o 2| o = 2| | owr V-t . F v € [6.4, 40] GeV
% = <H>)  4Am? () d—fToc Hr)l" — 8m? |<ET>| dt 16m?2 |< : >| dt = 2m Re [<HT> <E>} . [ ! 2
d - _ 0% € [1, 8] GeV?/ 2
NEW Oct 2023 | € [0.08, 0.64] GeV?/?
aT oL nb
= (6.9 & 0.35tat = 0.85yst ) ————
i) = tat £ 08ovet) (Gov )2
nb

T i§ negative and large comparativelyto ;+ |

JT_T> — (—4.5 + 0.55tat = D-stst) —
C impact of E;

2] (GeV/c)?

nb

aLT
LT\ — (0.06 + 0.2¢at + 0.1syst) ————
< > ( stat vt) (GeV/c)? . rather small

2

We will present soon the evolution in 3 binsin and 4 bins in Q?

The 2017 data set will still increase the statistics



Lessons on experiments with data collected with a+ and & beams

Forex: =( [+ {)+acos2 [+bcos |+csin |

With polarized electron beams we change continously from one to the other polarization to build directly only 1 observable:
asymmetry = (N+-N-)/(N++ N-) gives the sin term with small systematic errors

Richness but complexity dealing with runs with €+ and 8- beams C we build 4 correlated observables or 4 cross sections:

* C Constant,cos ,cos2 andsin terms

C Constant,cos ,cos2 andsin terms

++ - C Constant, cos , cos 2 terms
.- C sin  term

V Necessity of accurate acceptance and efficiency determination
V Requirement of detector stability for &+ and &- runs not taken at the same time
V Background depending on the lepton flux (recommendation to use the same lepton flux)

V Relative positions of background (mainly electrons) and signal are not located at the same place
in the detectors with a+ and a- beams C precise MC description

V Radiative corrections of opposite sign for £+ and €- for the 2 photon exchange (see Andrei Afanasev....) 25






and using global fits of the world data

Table 2: DVCS data used in this analysis.

Kinematic  No. of points

No. Collab. Year Ref. Observable dependence used / all
1 HERMES 2001  [40] Aty @ 10 / 10
2 2006  [41] AR i=1 t 4/4
3 2008  [42] A A i=0,1 Tp;j 18 / 24
sin(¢p—¢g) cosig P
UT,DVCS i=0
,,’Ai}“;(‘f‘zs))cfs =01
cos(@p—¢g)sin i .
J Aprr 1=1
4 2009 [43] AT i=1,2 *B;j 35 / 42
// Aiﬁlllf;&gvcs 1=1
)/ P AZS? i=0,1,2,3
5 2010/,’ [44] o AGET i=1,2,3 zBj 18 / 24
/ o Afgeste i=0,1,2
6 2011 [45],° A’ﬁ%;é;i °°° ““:’ i=0,1 Tnj 24 / 32
sin —¢g)=ini .
/) ,/ ALT(.EVQS) o=l
/7 / Acos —¢g)cosigp i=0.1 2
/ 4 LTI o (I}
/Il /// Ae;;(}b—cbg)mn i i=1,2
7 /2012 [46] Ai‘%ff i=1,2 Tp; 35 / 42
Vi ; ASIH 1 Z- — 1
’ P LU,DVCS
S AT i=0,1,2,3
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