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Motivations

Analysis objective :

r<R_,
: . s
- Measurement of the cross section of the of ¢ electroproduction on 2 7N l
. . . S\ ( hard ] @—»
neutron in the K* K" channel with RGB data (deuterium target). Q s . i ¢
LT
X1 %0

—{ _GPD
~_ , ~

en—>en K"K — Access to the gluon content of the neutron

- We expect that cross section measurement to be similar to that
of proton. We will compare with proton bound target (RGB) and
with the work on free proton target (Bhawani’s work on RGA).

Change of t—dependence with Q2
— gluonic radius of the neutron
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Events selection

Analysis : Datas :

e sidisdvcs RG-B outbending fall 2019

e with Q2> 0.95 GeV2, W > 1.95 GeV, P,. > 1 GeV.
and -20 < vz,< 20 cm

en—en KK

Events selection :

select the best neutron wich minimize the angle
between the missing nucleon and the neutron

Exactly 1 | Exactly 1in FD | Exactly 1in FD | Exactly0 |>=1 —)

e K* K- proton neutron

Q*>1.0 GeV Petectron > 2 GeV Oneutron >4 ° | Preutron > 0.25 GeV

Cuts :

— Cut on the angle between the missing nucleon and the neutron < 5°

— Cuton —0.5 < MfKJrK_nX < 0.5GeV?

The missing nucleon is use to calculate t with t = (target — missing)?
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¢ generator for MC simulation

100 [

10 .

(Y +p~-¢+p) [Nb/GeV?]
/
II

do
dt

--- Q?=2.5GeVZand W=2.5 GeV

~
~~ao
S~
~~
~~
-~
~<

do Idt (Yp — ¢ p) [nb/GeV?]

0_& 1 1 1 1 1 1
.00 0.25 0.50 0.75 1.00 1.25 1.50

tmin -t [GeVZ]

Implemented in the generator

1.75 2.00

https://github.com/mathieuryt/phi_analysis/tree/main/electroproduction/

simulation/events-generator
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Efficiency correction for neutron in the FD

MC Efficiency vs p

Neutron Detection Eff Data/MC Efficiency Ratio
- : : = 1:
1 —4—4<0<20 [ a 0.95_ 14‘
K ——20<6<35 Z 085— I . 1 “F
0.8— —4— allo 0.7;_ /’! ““:;." T~ = |—!—1 1.2: + +
- . ! ! ;}‘% 0.6F r - gt
: S B "
+ N o . - +
0'6_ o 0.4 3 /4 Inbending 10.6 GeV Data Fitting using CB+Pol4 function 08k ard
F :Q: 2 0.3;_ ,:; Outbending 10.6 GeV Data Fitting using CB+Pol4 function ' C %FFFT
04l . 02 7 Inbending 10.2 GeV Data Fitting using CB+Pold function o6l %43‘
o 0.1g Tt
%{i$ = O08F e b b b L Lo L 0.4:”1L
02r% = o0.05F -
i g O st ——] 02f
K 8 -0.05 i
A P N RN RN SRR IR R S oabe el ek S R IV T IR I B
0. 3 35 0 1 2 3 4 5 6 7 0.5 1 15 2 2.5 3 35
pneutron,gen [Gev] pneuiron gen [GeV]
Pom [GeV] -
« Neutron efficiency in MC : Nyecle n) « Neutron efficiency (FD) in data from Lamya :
"Ngen (with e~ rec) ¢ The ratio between the MIC and data

Baashen thesis efficiencies gives the neutron efficiency

e We are in the fiducial volume for reconstructed , . correction factor
and genrated event (with Pyym the missing momentum)
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Cut on the angle between missing nucleon and detected neutron

Missing nucleon = the missing particle of: en — e’ K* K X

K* K*
K K
e e
— | neutron ;?sgitr:(g):ucleon
Aissing nucleon /
Not a good event Good event

— Cut on the angle between the missing nucleon and the neutron <5 °
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Cut on the angle between missing nucleon and detected neutron

Neutron 6 Neutron 6
22000 2000—
- —— Detected neutron -
20000 = —— Missing nucleon 1800 - —+— Detected neutron
18000 MC neutron target 1600 —— Missing nucleon
16000— voson Int. MC = 6002.6 - MC neutron target
- . 1400— Int. MC = 1772.9
14000 . -
= . 1200
12000~ .. !
- . 1000
10000 — - - : 4
8000 . .. 800(—
C - e C ++
6000F= S 600~ ﬁl
4000— - 400" +
C - : *t%
2000~ e 200, T
- 1 P IR ‘:u}? PR T Losioes E+ _._."'.+-—“'+++'H':¥+
0 20 30 == 40 50 60 *||IJ_J-—-r—‘I‘—T‘T‘—I_ll||||*’3*—‘—AAJ-J—LJ.||.|._J_.1,J,_]_|||4_
0 [deg] 0 10 20 30 40 50 60 70

6 [deg]

Without the angle cut With the angle cut
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Cut on the angle between missing nucleon and detected neutron

fake neutron
non detected proton

Contamination when the missing nucleon is a
non detected proton and there is a fake neutron
signal who pass the cut on the angle

800

700(H < Cutats®

600
MC neutron target
Int. MC = 8674.8

500 MC proton target
Int. MC = 3744.8

400

300

200

100

\JIIIIIIIIIIIIIIII|||||||IIIIIIIIIIIIII||

00 10 20

30 40 50 60 70

angle between the missing nucleon and the neutron detected [de(]
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Cut on total missing mass

IVIZK"K'nX

e
5000— ; :
- ; ; ~+ Data
B MC neutron target
4000— ; ' ] Int. MC = 1763.7
Total missing massen — e’ n’ K* K" X - :
(after all the previous cut) 3000 —
9 9 2000 '
0.5 < MZpipoex <0.5GeV - i .
1000
: i ‘_-': ....‘-’u
Mﬁd&ug—-—’l’ L0 L1 ptesetetesetencateseey
-1.5 -1 0.5 0 0.5 1 1.5
Micknx[GeV7]
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Yield extraction

600

500

400

300

200

100

IIII|IIII|IIIIIIIIIlIIIIlIIII|II

| |

0.96

—+— Data
MC neutron target
Int. MC =1713.6
MC proton contamination
Int. MC =55.6
t
t
+++ ++
t t
Wy | iy
4 Py bt bt bt
++++++++ W . ++++ HHTH +Hy 4t +++++++ +++++ +++++
N
| I | 1 tl I_L_P'"T '_*_I I++f"—*‘.-—1lLJ:L; JJ B | | | [ I | 1 I |
0.98 1 1.02 1.04 1.06 1.08 1.1 1.12

Minv (K+ K-) [GeV]

With angle cut, K+ K- in FD, and cut on missing mass
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N,=1116 = 53

‘H’ Q2% <€[1.00, 7.00] GeV?
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T2
M(K*K) [GeV]

Fit all fall2019 outbending data
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Binning of the data

Data : Q2 vs Xy Data : t with missing nucleon vs Q?
i —
o 10F < 10F
= L 8 r = —{400
S of —1200 2 of=
+ °F 5 °F
C ) -
8 180 :}.
u —160 =
7=
- 120
5
- 100
41—
- 80
3;_ 60
2:— 40
1;— 20
0:l L1 | I | | | | I | | 1 1 11 | 1 1 11 I 11 11 l 11 11 I 11 1 1 I 1111 | | .| 0 . . . .
0 01 02 03 04 05 06 07 08 09 1 e t binning for the two bins in Q2

ij
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Binning correction

Generated events : Q% vs xb

10
o
8 . . . .
- e The correction factor fis the size of the physical
== phase space in Q% and x; divide by AQ? Axb
— 6 . . .
Y F ¢ To determine the size of the physical phase space,
& s/ we use generated events and divide the number of
S F filled bins by the total number of bins.
41—
3
23— bin 1.0<Q%<1.5GeV? | 1.5<Q%< 6.5 GeV?
- 0.05<xb<0.34 0.08 <xb<0.7
b= f 0.81 0.49
O_I 111 | 1111 I 1 11 1 | L 111 | | I | I 1 11 1 | 1111 | 1 11 1 I 1 11 1 | 111
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

xg [GeV?]
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Yield extraction per bins

§ E Q2€[1.00, 1.50] GeV? g C Q2 €[1.00, 1.50] GeV?
S 60— tE[-0.70, -1.20] GeV? S 50 tE€[-1.90, -2.80] GeV?
S r N,=75= 14 3 N,=95:17
. ) ) € 2/ndf = 0. 5 - 2/ndf = 0.88
Fit performed using RooFit. & '
40— C
F a0l
wof- :
. E 20
Signal model : wE )L : #ﬁxﬁ
o N e o T
The signal is described by a Gaussian function : S " -
Codommae®™s 0 1 e b )i c .
S ( Mww) _ 1 eXp (_ ( M;pw— N) 2 ) 0 1.02 104 1,06 1.(:]]8(K’K_) o \}] 1 0 1},6 1_6'\?(K+K_) . \}]_1

202

V2t o

g Q2€[1.00, 1.50] GeV? g Q2 E[1.50, 6.50] GeV?

s 7 t€[-1.20, -1.90] GeV? S 40 t €[-0.24, -0.70] GeV?

S N,=76225 3 N, =48 10
Background model : £ o it =0.87 £ it =095

frr @

50

The background is modeled using a threshold function
multiplied by an exponential polynomial :

B(Mipny) = /M2, — 4m3% exp (agm + aym?) *

20

40

where : 10

obtdemee s L e 0

-m K iS the kaon maSS, 1 1.02 1.04 1.06 1%?(K*K') (Ge \}].1
- ag and a; are free parameters of the fit.

T[S [T T[T T[T T[T T[T 1T

I
R

08 141
M(K'K) [GeV]

Some examples of fits
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Acceptance correction

10°
g T Q*€[1.50, 6.50] GeV? $ 150<Q2<65Gev:
S r t€[-2.80, -8.00] GeV? ® 1.00 <Q2 < 1.50 GeV?
S 100~ N,=116=23
5 [ XéIndf = 0.85
g I " - 107}
80_— o)
: g
O e Qo = !! t
B - -2 |
g 10 = =
e Recover the background ¢ v s 0
function from the data and L c
X r © 1073 =
perform a random fill on the Lt | L . A =
. . 1 1.02 T.04 7.06 708 4 Q
MC histogram with a number M(K'K) [GeV] v
O
of events eqyal to the ~ < 104
background mtegral. g Mo Q2 E[1.50, 6.50] GeV?
S C t €[-2.80, -8.00] GeV?
3 12 N, MC = 100 = 19
e The objective is to fit the g i MG =0.93 105
MC and the data under the . 0 1 2 3 4 5 6
same conditions. - |t] [GeV?]
48 ¢ with N,.. the number of reconstructed events in MC
- A — Nyecc
A S S N S Ngen . .
0= 102 704 706 T ey oo e with Ngen the number of generated events in MC
e
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Preliminary differential cross section

The differential cross section of this reaction en — e/ n’¢ is :

d30 dUT dO'L
dQ2d$Bdt (Q T8, ) dt (Q » LB t) t+e dt (Q »TB; t)
. a Q® 1-zp 1
with I' = o~ e 2 - the virtual photon flux factor.

8rmiE? z3 1-—¢

The reduced differential cross section of this reaction y*n — n’¢
is given by :

do ()2 _ 1 . d3o
di (Q ,IEB) T I'(Q2%,zB,E) dQ2dxpdt

do ()2 _ AN
@ Q% zB) = T-Azgp AQ2-At-f-L-Acc-Br

102_
~ 1014
>
(O]
©)
]
o]
c 100
©
0]
=
-1
5 10
(O]
| -
38
1072
103

Models
== Model with <Q2> = 1.24 GeV2 and <xb> = 0.16

\\ Model with <Q2> = 2.73 GeV? and <xb> = 0.30
_"
\B
LN
\\
! N Data
T ® <Q*> =1.24 GeV? and <xb> = 0.16
[ ; S @ <Q?> =2.73 GeV2 and <xb> = 0.30
LB
8 L. S
- <
S ~Q
3 O~ N
-~
~ ~\~
%
™ ~s~
RN S~
? ~~~
1 2 3 4 5 6 7 8
|t [GeV?]
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Conclusion

Next steps :

- Do a smearing of the MC to fit the simulation in the same conditions than the data

- Run the code with the other data set.
- Implement the Fermi motion of the neutron and an non-istropic decay of the ¢ in K*K-in MC.

- Adapt the angle cut for events in CD.
- Add momentum corrections.

Thanks!
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Backup slides
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¢ generator for MC simulation

; _ N2 2
wezghtPhaseSpace — |Qmaw _ min' * |xbmaw - wbmzn| * |tmafc — tmin'

d’o o o

> From Proposal to Jefferson Lab PAC39 Exclusive Phi Meson Electroproduction with CLAS12
dQ?*dxpdt

BR(¢ — K"K~) ~ 49.2%

totalweirght = weightyhasespace * weitght 43, * BRy g+ k-
dtdQ2dxy,

Mathieu Ronayette rgB - meeting 13 Feb 2026




Neutron efficiency correction additional plots

theta vs phi neutron REC theta vs phi neutron GEN

- = —10
a0 —|14 40

B —12 B —8
30— 301~
N —10 L

_ — 6
3 20f E 20
e L s r
-c B —_ —
s > T

@ B 6 10— 4
10— -
i 4 B

_ ol— 2
o N
N 2 _

: _1_IIIIIIIIIIIIII|]I]I|IIIIIIIIIIIIII|IIII|IIII o

_1 11 1 1 | 1111 | 1111 | 11 1 I 111 1 | 111 1 | 1111 | 111 1 | 11 1 0 _%00 _1 50 _1 00 _50 o 50 1 Oo 1 50 200 250
%0 150 -100 50 0 50 100 150 200 250 ¢[degree]

¢[degree]
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Counts

Neutron efficiency correction additional plots

160
140
120
100
80
60
40
20

p neutron REC

—— 4<6<20
—— 20<0<35
—4— allg

I|III|III|III|III|III|
+
+
W
-

h{)_‘
{:}
*

Jlaer =2
+
_(?_.
3
éi +
¥

- s ol
- O = =l
+—§—< ozl
+ - @@**
[ '* O~ il
C o O
:— *“’*** "01—0—-'_._"'"‘-.—«,_._‘
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3 35
p [GeV]

neutron_gen
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Counts

700

600

500

400

300

200
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p neutron GEN
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Cut on the angle between missing nucleon and detected neutron

Neutron ¢ Neutron ¢
120001~ —— Detected neutron 1000— —t— Detected neutron
B —— Missing nucleon i —f— Missing nucleon
10000 — MC neutron target L MC neutron target
- - Int. MC = 6035.4 800(— + +++ Int. MC = 1772.9
e C ot +++ oo ++++ #
B . - - 0’ . - ‘_._ . + . ‘4- 600 __ + + ++ + ++ H +
6000 — - T . o ¥ et 1 bt t H
o e e | = [ +++ oo Ty LA i f
C o - - ¥ g ¥ 1
40001 w0y i+ # A } , ﬁ
- ) ) i } } fyy t ot i
2000 i ’ i I C 4 + by t ! +
- 200 + t + Lt +
I 1 _-1_¢_'I’ ‘—l—l—‘l—l_'r_l—“.——b——l——l_’.l.._l——l——]-—l—' ’:_l-—l-—r--t—A 'T_L-;_—«-q-_;_'l’_s_e—d 1 B
-200 -150  -100  -50 0 50 100 150 200 [ e e o it e o LY
¢ [deg] 200 -150 -100 -50 0 50 100 150 g 2?0
¢ [deg
Without the angle cut With the angle cut

Mathieu Ronayette Clas12 Collaboration Meeting 12 March 2026 9/20




Cut on the angle between missing nucleon and detected neutron

Neutron momemtum Neutron momemtum
45000 — -
- —t— Detected neutron 3500
40000 —— Missing nucleon E + —— Detected neutron
= MC neutron target 3000/— st —— Missing nucleon
35000 = . Int. MC = 6035.1 C + MC neutron target
N 25001 * Int. MC = 1772.7
=3 F
250001~ ) 2000
20000 - - o
- B 1500 * .. %
15000~ + — . -
- - - +
Co, - - — C o+ ++
10000 - T 1000, .o,
5000 .. T 500 - . e
:v:_——n——c-—J_L - .T”'I’N»-:_ L T sdeecloooleedereloooboodosolesobocd - :‘F:T‘_,—"l__,_ n ‘T..T’*or«.,.‘.**‘r’*m looalaed eoloooboole loote 1ol
0 2 4 6 8 10 12 0 2 4 6 8 10 12
p [GeV] p [GeV]
Without the angle cut With the angle cut

e | do not have a neutron momentum correction yet
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Cut on the status of K*K-

Generated event : p vs theta for K*

| En'tries 2060000

10— Mean x 9.995

L Meany 2.946

B Std Devx 6.914

Two justifications to cut K+ K-in CD : sl Std Devy 1.2:0

- Reconstruction of kaons in the CD is less S 40
. Q
good than in the FD S

- The generator predict few events in the CD 30

20

10

20 5 60 70 80 0

6 [degree]
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Neutron phasespace :

Data :0 ..., VS P with all cut MC : Breutron VS Preutron BENETated
neutron 1
s 8 h2_thetavsp_neutron_data (Wlth dacce pta nte CUtS)
& E [ Entries 22306 pvstheta_pr2
s 7 = Mean x 16.51 B Entries 1369612
S/ _wm
0" [ m Std Devx 7.255 L Mean y 0.9543
6 — - Std Devy 0.6961 - Std Devx 10.68
- StdDevy 0.5521
— =
SC . 150
- 20
4 >
S
3 100 = 15
2 10
50
1 u - u
m ]
0 PR S R TR T NN SR T SO AT N 0 - 2 e _.E;- ot ;.'::'E;E:E:I "
0 20 40 60 80 100 120 0 1 -I 1 || || | 11 1 1 | 11 1 1 | | | | 1 1 1 | L1 1 1 0
0, eutron [dEQrEE] 0 10 20 30 40 50 60 70 80 90

0 [degree]
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Neutron phasespace :

NDE

0.9
0.8
0.7
0.6
0.5
04
03
0.2
0.1
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Neutron Detection Eff

= Crystal Ball Function

s ¢ et

E. !3 -

= [

= 2 -

= L

= & & CLAS6 Data

= .. - Inbending 10.6 GeV Data Fitting using Crystal Ball function

— ; g Outbending 10.6 GeV Data Fitting using Crystal Ball function

- -

- s" Inbending 10.2 GeV Data Fitting using Crystal Ball function

: 1 s | | I R . . l L1 1 1 I 11 1 1 I il - I Ll 1 | I 1 |- I 1l 11

1 2 3 4 5 6 7

P,.lGeV]

Neutron detection efficiency in the FD

50.16—————
€ |—50<6<60
20.14
5 . |—60<e<70
0.12
0.1|—70<6<80 = =+F -
C ='= :t++¢:F¢ —+ [
0.08]- - -+ 1
C = .
0.06 ' + _I_
0.04 +_
- +
0.02F-
C —4—
—lllll llllllllllllllllllllllllllllllllllll
o071 02 03 04 05 06 07 08 09 1

Momentum (GeV)
P. Chatagnon’s plot

Neutron detection efficiency in the CND
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Proton contamination

Missing_nucleon = the missing particle of this reaction: en — e’ K* K X

neutron
missing_nucleon

/

Good event with the angle between the
missing nucleon and the neutron<5°

Mathieu Ronayette

K+
\K-
e
fake neutron
non detected proton

There is still a contamination when the is a non detected
proton and there is a fake signal neutron who pass the cut on the angle

— Evaluate the contamination with simulation on proton target and
apply the cuts of neutron analysis and see how many
events pass the cuts
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Influence of cuts on the invariant mass K*K-:

1000 1000
900~ 900/
F }l —— Data - J[ —— Data
800 MC neutron target 800 MC neutron target
= Int. MC =2478.8 - Int. MC =2395.1
700(— MC proton contamination 700 MC proton contamination
= Int. MC = 127.1 = Int. MC = 121.8
600~ 600—
500/ i 5001 f
400 L++ 4001~ i
300 t oy i it ++++ t 4 =
- B Bttt 0 f
200 4,4 - +# i
C " H S 200— . +++ :
- 4 - 4 +
- N w 1001~ +.m+4++++ RN AL LA IR
» oo | [P m_ﬂ a0 JJ R i B — o 4 . .
0.96 0.98 1 1.02 1.04 1.06 1.08 1.1 1.12 - T T e e o b
Minv (K+ K-) [GeV] 0.96 0.98 1 1.02 104 106 108 1.1 112
Minv (K+ K-) [GeV]
With angle cut With angle cut and K+ K- in FD
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p [GeV]

Generator plots

p vs theta for electron

50 60
6 [degree]
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pvstheta_el
Entries 3.6e+07
Mean x 13.38 C
Mean y 4.204
Std Dev x 8.748 |(
Std Devy 2.066

12C

10C

80C

60C

p [GeV]

p vs theta for nucleon

pvstheta_nucl

Entries 3.6e+07
Mean x 40.3°
Mean y 0.7902
Std Dev x 13.23

Std Dev y 0.5186

30 40 50 60
6 [degree]

p vs theta for nucleon with large acceptance cuts

p [GeV]

pvstheta_nucl2

Entries  2.267446e+07

Mean x 31
Mean y 0.94
Std Dev x 10.58
Std Devy 05321 [0

25(

20¢

15C

10C

50

40
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Generator plots

p vs theta for K+

10—

p [GeV]

40

50

0 [degree]
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pvstheta_kp

Entries 3.6e+07

Mean x 10.09

Mean y 2.891

Std Dev x 6.897 0

Std Dev y 1.186
500
400
300
200
100
0
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10

p vs theta for K-
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Entries 3.6e+07
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400
300
200
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Generator plots

0. [degree]
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theta K+ vs theta nucleon

20

30

40 50 60 70
[degree]

enucleon
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thetavstheta_nucleon_kp
Entries 3.6e+07
Mean x 40.31
Meany 10.09
Std Dev x 13.23
Std Devy 6.897
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Generator plots

t vs Q2 with kinematics cuts

10 tvsQ2
- Entries 3.6e+07
= 2 vs W
o Mean x -0.6257 |0 Q QovsW
E Mean y 1.622 105 Entries  1.577221+07
8 - Std Dev x 0.744 = Mean x 1.531
- Std Dev y 0.7268 = Meany 25938
- - Std Dev x 0.5642
- 8 8
7 — E Std Devy 0.2565
C 7=
= ~ 6
> = S =
Q 5__ [0) 5__
S °F S b
8 4 * 4
- 3
i3 - .
- 2—
2 =
: O_I|II||IIIIIIIIIII|IIll|||l|||||l||||l||||ll|||ll|
1= 0 1 2 3 4 5 6 7 8 9 10
- Q2 [GeVA2]
0 1 1 I | I | I 1 1 I 11 1 | 1 1 1 l | | 1 1 l 11 1 | | I | I
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Generator plots

With this cuts : 5.25 < Pgjectron < 8 GeV and Ppyoi0n > 0.45 GeV
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Generator plots

With this cuts : 5.25 < Pgjectron < 8 GeV and Ppyoi0n > 0.45 GeV
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Generator plots

With this cuts : 5.25 < Pgjectron < 8 GeV and Ppyoi0n > 0.45 GeV
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Generator plots

With this cuts : 5.25 < Pgjectron < 8 GeV and Ppyoi0n > 0.45 GeV
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Generator plots

With this cuts : 5.25 < Pgjectron < 8 GeV and Ppyoi0n > 0.45 GeV
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Generator plots

With this cuts : 5.25 < Pgjectron < 8 GeV and Ppyoi0n > 0.45 GeV
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All fit data bin1 Q2
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Events / (0.006 )

All fit data bin2 Q2
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All fit mc bin1 Q2
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All fit mc bin2 Q2
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