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Introduction and motivations

Analysis objective :

Measurement of the cross section of
the ¢ electroproduction on neutron
in the K* K-channel with deuterium

target.
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Introduction and motivations

Density of gluons carrying momentum fraction x :

Hy(w,6 =0,t=0) = zg(z)

» =
pr)
Spatial profile of the distribution of gluons at given x :
zg(z,b) = /dzAT AT [ (1,6 =01 = —A2)
0 r g\z, = (27_(_)2 g\<L, 5 T
x |

The interpretation of GPDs as a tomography of the nucleon

Figure from A.V. Belitsky and A. V. Radyushkin. Unraveling hadron structure with GPDs.
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Introduction and motivations

gluon dog, _ ewm 7y
dt Q2 1 — B

(1= €)[{Hy)[* + terms in (Ey)]

neutron neutron

<Hg> — dx Hg($,§;t) K(xagaQ )
21 ).,

oy
— Since the contribution of the sea of quark-antiquark pairs inside the :
neutron is negligible, gluons play a major role in the creation of the s 5 ;
pair. :,-
— Extracting the ¢ electroproduction cross section makes it possible
to probe the gluon content of the neutron (integrals of GPDs).

lllllllll
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CLAS12 Experiment

Forward Detector

* Torus magnet

* Drift Chambers

¢ Time-of-Flight

* Calorimeters

* Cherenkov counters

Central Detector
* Solenoid magnet
* Tracker

* Time-of-Flight

* Neutron detector

Forward Tagger
e Calorimeter

* Time-of-Flight
e Tracker

Beam
* 85% longitudinally polarized e
* Max. luminosity: 103 s'em?  Target
* Energy:6.5/75/~10.6 GeV + Proton
¢ Deuterium
* Longitudinally pol. H/D
* Nuclear targets

Figure from P. Chatagnon — Probing the proton fundamental properties with exclusive reactions at Jefferson Lab
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Extraction of the number of event

+
. . K
en—e K K X Nk
e-

* Select the best neutron wich minimize the angle

between the missing nucleon and the neutron and —> | Neutron badcground

verify that the angle © between both is less than 5 °.

/ Neutron signal
Mi

Also we_negd 0 proton detected to reduce ssing nucleon
contamination.

Additional cuts :

Q2> 1.0 GeV? Petectron > 2 GeV Oneutron > 4 ° | Preutron > 0.25 GeV -0.5 < Miss,oy? < 0.5 GeV?
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Extraction of the number of event

Q? €[1.00, 6.50] GeV?
t €[-0.11, -8.00] GeV?
N, =825.8 + 77.9
x3/ndf = 1.56

o DATA = 0.00522

Fit performed using RooFit. 400
350
Signal model : 300

The signal is described by a Gaussian function : 250

X _ 2
S(va) = e p (_ (M”z”f;z ) )
200

Background model : 150 i .
The background is modeled using a threshold function +-
multiplied by an exponential polynomial : 100

znv \/ inv 4’)’)’1,%{ eXp (aoMinv ;s alem)) 50
where : 0 . 11BSLJ )
- m 1s the kaon mass, ' ' ' M(K'K) [GeV]

- ag and a; are free parameters of the fit.

Fall2019 outbending

Q=121mC
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Generator for MC simulation

1) kineMatics 2) Cross section 3) SDME

2
10 . T T
Lukashin 01, (W) = 2.3 GeV, (0% = 1.3 GeV? ——e—
Santoro 08, (W) = 2.5 GeV, (0% = 2.5 GeV> +——o— E
_ Dipole GPD o 1/(m? - 1%, m?=1GeV? ------- 4500
”% = 4000
2 10! '+ i - 3500
) < h % =
& 3000F
2 '_h__,‘%_}_‘ 2500F
T S 2000F
*& 0 AN I Tl 1 E
< 100 | 1500
3 F
1000F
< B
500
o
107! :
0 0.5 1 1.5 2

toin-t [GeVA]

Y ¥/ B

Total weight = Phase Space * dtd‘gz"dwb * SDME x BRy_ g+ g
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Comparison MC vs Data

Invariant Mass K+ K-

220

" _
£ —
3 L
8 200 —— Data RGB fall2019 DATA MC
180 MC smeared o Q2 €[1.00, 1.60] GeV? r Q? €[1.00, 1.60] GeV?
160 = . te[-1.90, -2.40] Gev? | 30 1 €[-1.90, -2.40] GeV?
- 25 — Nw =77.4461= 23.4024 E N¢ MC =61.2342 + 17.1760
1a0F- . x?/ndf = 0.77 25— x3/ndf MC =0.84
- L o DATA = 0.00900 C o MC = 0.00687
120 20:_ 5
100 15 E -
80— -
- o /S ] Fol A
60 - * #{hﬂh * # Jf## e _ k N
40 C 7
20— C
C | VPP I IR LTS SO T, N Lt e T
E o . T R 1 1.02 1.04 1.06 108 = X ’ X 708 11
(9.98 1 1.02 1.04 1.06 1.08 1.1 M(K'K) [GeV] M(K'K) [GeV]
Minv (K+K-) [GeV]
In green, the reconstructed event :
g L . . : Random fill from the distribution of data
after simulation with GEMC, the .

background to take this into acount in our MC.

*

GEANT4 simulation of CLAS12. .’
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Acceptance correction

100
§ 1.00<Q2 < 1.60 GeV?
B 1.60 < Q2 < 6.5 GeV?
N al
A _ Npec K fit c -
— N N : - N
o —o-
gen random 9 o] -
o
o - v
c
8103y
o
(0]
(O]
(@]
<
1074
model, the geometry and resolution of the fit. .
the efficiency. 1070 1 > 3 2 5 6
|t] [GeV?]
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Proton contamination estimation

100
Contamination when the missing nucleon is a

non detected proton and there is a fake neutron 0 , L
signal who pass the cut on the angle 0 10 20 30 40 50 60 70 80

angle between the missing nucleon and the neutron detected [de]

800
K* Y
\K‘ 7008 :<--Cutat5°®
600
- MC neutron target
e - Int. MC = 8674.8
500 MC proton target
B Int. MC = 3744.8
—> | fake neutron 400F
non detected proton -
300
/ 200F
:
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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—z5 1
with T = 8_7rm§\, E* 13, 2 T—e the virtual photon flux factor.

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 4

10! 5

[nb/GeV?]

do
dt
=
<

10—2 ]

103

100 4

Models
== Model with <Q?> = 1.24 GeV? and <xb> = 0.16
Model with <Q?> = 2.73 GeV?2 and <xb> = 0.30

N
SN
‘g \\ Data
N @ <Q*> =1.24GeV2and <xb> = 0.16
@ <Q@*>=2.73GeV?and <xb> = 0.30
L ?\\
E I \\\
\\\
~
I 2 \\\\\
N\NN
*s Tl
1 2 3 4 5 6 7 8
It| [GeV?]
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Conclusion and outlook

Next steps in the ¢ analysis :

* Improve the MC simulations (fermi motion, efficiency corrections for the kaons...)
* Develop momentum corrections for the kaons.

e Stay tuned for the final results, which will soon provide a
first probe of the gluons inside the neutron!

Thanks!
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Backup slides
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Event selection 1

IVIZK"K'nX

e
5000{— ; :
- ; ; ~+ Data
B MC neutron target
4000[— : ! { Int. MC =1763.7
Total missing massen — e’ n’ K* K" X B
(after all the previous cut) 3000 —
o 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 15
Mekknx[GEV7]
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Event selection 2 (cut angle between missing nucleon and detected neutron) :

18000

16000

14000

12000

10000

+

8000

6000

4000

|IIIIIII+|IIIIIIIIIIIlIIIlIIIlIIIlIII

2000

O 7T

—— Detected neutron

—— Missing_nucleon
MC neutron target
Int. MC = 8698.8

Without the angle cut
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2000

1800

1600

1400

1200
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800
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400

200

LIIIIIlIIIIIIIlIIIlllllllllllllllllllll]

O

+

t
i
+ m
+
#¢+ —t— Detected neutron
H —+— Missing_nucleon
t 1:1 MC neutron target
4 t Int. MC = 2395.8
+++
+ k:
+ts
*t#
oot
++,,
* - H+ e jhata +!+
|J__A——-l-+1"'1_r" T T T ) IV s DOV RIS lede o b L g ]
10 20 30 40 50 60 70
6 [deg]

With the angle cut
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Event selection 3 (cut 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 u MC neutron target
B - Int. MC = 6035.4 800 + +++ Int. MC = 1772.9
e C ot +++ oo ++++ #
. © . ‘. . - t t #t #t t
- Coe . . 600— ¢t ti 4 by bt .
6000— . . - 4 }
P > [ +++ o T T * it } B
4000~ a0~ . LA A Ty ot
000 I 1 byt b4l
. i ¥ ¥ I t t oy ¥
- ) .. - - . i .- . + + #
2000_— - 2001— + s + 4 + N R N +
- - +
I | _-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 | B
-200 150  -100  -50 0 50 100 150 200 | A T e T T et e e T LT
¢ [deg] 200 -150 -100  -50 0 50 100 150 200
¢ [deg]
Without the angle cut With the angle cut
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Event selection 4 (cut angle between missing nucleon and detected neutron) :

40000 -
- 3500—
35000 — . - "
- 3000~ + t
30000 — .- -
- - _ + +
25000 — —t+— Detected neutron 2500 - —t— Detected neutron
- — Missing_nucleon - + —— Missing_nucleon
20000 — MC neutron target 2000 MC neutron target
- o Int. MC = 8748.0 9 C Int. MC = 2395.5
15000— = - . 1500— + ++
E ” : - 4—‘*~ E * + ++
10000 — S 1000— |, ° . +1+
- . - + +
e — ...-0 "_ : *s * +* H++
5000— -, — 500 - . L
- e, il el e
s s S IR e PO 0 <SSO UUU TURTIUUT OSSOSO P R ey SRR i SV SOUU ue S ST DOV DTN le leeebo lol
0 2 4 6 8 10 12 0 2 4 6 8 10 12
p [GeV] p [GeV]

Without the angle cut
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With the angle cut
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Event selection 5 (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 : 8l SdDevy _1.22

L 50

- 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

% 10 2 30 4 5 60 70 0

90

0 10 20 80

6 [degree]
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Event selection 6 (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 - - _.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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Event selection 7 (Neutron phasespace) :

Neutron Detection Eff

= 1¢ 50.1 6 - -
= c — 50 <6<60
% 0.9 = Crystal Ball Function % 0.14
0.8E 1D 4| — 60<0<70
5  — . — 0.12
0.7 g p— 70 <6<80 -+
= 01— . T
0-65 ‘ ”ﬂmfl-—|—_|_ F :|=='=:t++¢:|:¢='=-|~_;: —
0.5 d 0.08— — _|_
= P C =’_—l— -I—
04 Ly 0.06— _'_:F
- &+ CLAS6 Data OE _I_
0.3 E_ .. - Inbending 10.6 GeV Data Fitting using Crystal Ball function 0.04 C +_‘_
02 =':. Outbending 10.6 GeV Data Fitting using Crystal Ball function C -+
0.1 E_ s" Inbending 10.2 GeV Data Fitting using Crystal Ball function 0.02 :— Y
0 EI w1 | vl b v v b v by o by by 0:1 coa b b b b by by P b P g
1 2 3 4 5 6 7 0 0.1 02 03 04 05 06 07 08 09 1
P [GeV] Momentum (GeV)
€ ,
o P. Chatagnon’s plot
Neutron detection efficiency in the FD Neutron detection efficiency in the CND
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Number of event 1

400

350

300

250

200

Q% €[1.00, 6.50] GeV?
t €[-0.11, -8.00] GeV?
N, =825.8 = 77.9
x%/ndf = 1.56

o DATA = 0.00522

150

100

50

o L

Fall2019 outbending
Q=121mC

Mathieu Ronayette

d I L
108 1.1
M(K*K) [GeV]

400

350

300

250

200

150

100

50

Q2 €[1.00, 6.50] GeV?>
t €[-0.11, -8.00] GeV?>
N, =741.0 = 63.6
v3/ndf = 1.28

o DATA =0.00476

4 I L ol 4 1

L J |
1.06 1.08 1.1
M(K'K) [GeV]

Spring2020 inbending
Q=28.3mC
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Number of event 2

u Q? €[1.00, 6.50] GeV?
700 t €[-0.11, -8.00] GeV?
- N, = 1230.1+ 99.2

6001 2Indf = 2.26
- o DATA = 0.00432

500[—
400{—
300[—
200H
100~ B B

o » o I_ de?® | 1 | 1 ‘I.h md | L 1 L _I | Jd 1 ]. 1 L o

1 1.02 1.04 1.06 108 1.
M(K*K) [GeV]

Spring 2019 inbending
Q=63.4mC
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¢ generator 1

; _ 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,
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¢ generator 2

p vs theta for electron p vs theta for nucleon p vs theta for nucleon with large acceptance cuts
pvstheta_el | _pvstheta_nucl pvstheta_nucl2
L Entries 3_ 6e+07 Entries 3.6e+07 Entries  2.267446e+07
10— Mean x 1338 C Mean x 40.3° Mean x 3t
= Mean y 4.204 Mean y 0.7902 Meany 0.94
B Std Dev x 8.748 |( Std Dev x 13.23 Std Dev x 10.58
r Std Dev y 2.066 Std Devy 0.5186 Std Devy 0.5321 C
8 12¢
L 25(C
* 100 — >
3 3 3 20¢
S T o S,
a r 80 ‘o o
- 15(C
iC 60C
L 10C
o
- 50
T i A I I B 0
00 10 20 50 60 el BFINEN IS BN RN EEE N AR 40 50 60 70 80 )

10 20 30 40 50 60
6 [degree]

6 [degree] 6 [degree]
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¢ generator 3

p vs theta for K+

10—

p [GeV]

Mathieu Ronayette

0 [degree]

pvstheta_kp

Entries 3.6e+07

Mean x 10.09

Mean y 2.891

Std Dev x 6.897

Std Dev y 1.186
500
400
300
200
100
0

p [GeV]

10

p vs theta for K-

0 [degree]

pvstheta_km
Entries 3.6e+07
Mean x 10.1
Mean y 2.893
Std Dev x 6.895
Std Dev y 1.186
O
400
300
200
100
0
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¢ generator 4

theta K+ vs theta nucleon

thetavstheta_nucleon_kp
Entries 3.6e+07
Mean x 40.31
Meany 10.09
Std Dev x 13.23
Std Devy 6.897
10
3 80
(@]
(0]
=,
& 60
D
40
20
1 1 | L1 1 1 | L1 1 1 o
20 30 40 50 60 70 80 90
enucleon [degree]
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¢ generator 5

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
20 -18 -16 -14 12 -10 -8 -6 -4 -2 0

t [GeVA2]
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Non isotropic decay of the kaons in the
¢ frame. So we need to add a weight
associated to the SDME

Total weight = Phase Space * % * SDME x BRy_, i+ -
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SDME 2

W (cos ) = % [(1 - 7‘83) + (37‘83 - 1) cos® Oy

_ ‘
1.0 —— r_0400 = 0.20
—— 1_0400 = 0.25
T NS ————— _
JERVON B : 09 —— 1_0400 = 0.30
] J ] —— r.0400 = 0.35
: ; ] —— r_0400 = 0.40
X {J i | —— r_0400 = 0.45
,3}4’ 0.89 —— 1_0400 = 0.50
1 b = 2 —— 1_0400 = 0.55
= i it ] —— ' 0400 = 0.60 /
g A l 41 i 0.7 —— r.0400 = 0.65
&t 4 - =
1l 1 e
R L g 0.6 N
01 F 4 - =
Cornell Dixon 79 +———
CLAS Santoro 08 —=— 4 ——
HERMES prelim. —<— 0.5
ZEUS Chekanov 05 +—%— /
H1 Aaron09 —&—
001 Ll e vvii ,,  Pemumization 1707 64 bd
0.1 1 10 100
0" [GeV’]
va 03
T 2
R—_ T ROW.Q?) — cr@
04) : = ) - - - - T T
6(1 — T'o0 m 1.00 0.75 0.50 0.25 0.00 0.25 0.50 0.75 1.00
¢ cos(B)

From Proposal to Jefferson Lab PAC39 Exclusive Phi Meson
Electroproduction with CLAS12

Mathieu Ronayette
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SDME 3 (generated plots)

3000

2500

2000

1500

1000

500

II|IIIIIII|III|III|III

| o
[y

8 -

11 1 | 11 1 | 1
6 -04 -0.2 0 0.2 0.4 0.6 0.8 1
cos(9,,)

With Q2 in [1.0 — 1.5] GeV?
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35
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25

20

15

10

IIII|IIII|IIII|IIII|IIII|IIII|IIII|

II|I[l|III[lII|III|III

I o
-

8

6

4 -02 0 0.2 0.4 0.6

With Q2 in [5.0 — 6.5] GeV?
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SDME 4 (generated plots)

4500

4000

3500

3000

2500

2000

1500

1000

500

IIIIIIIIIIIIIIIIIIIlIIII'IIII' IIIIIIIIIIIIIlIIII

2 0 0.2 0.4 0.6 0.8 1
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[
|
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4 -

[
—
|
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SDME 5 (reconstructed event)

20
18
16
14
12 * Reconstructed with Q2 in [1.0 — 1.5] GeV?

10
* You can see acceptance effect when

you compare to the generated plot

‘III|III|III|III|III|III|IIIIIIIIIIIlIIIlII

LN
S
o
o

0.5 1
cos(By)
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Efficiency correction for neutron

MC Efficiency vs p

Neutron Detection Eff Data/MC Efficiency Ratio
- : : = 1:
1 —4—4<0<20 [ Q 0.95_ 14‘
K —4— 20<6<35 Z 085— I . 1 “F
ook —— allo 0,7;— /,5,-“;"' T : ! 12 ge iy
- . ! ! ;}‘% 0.6F r - gt
: e "
+ T . _— . . +
0'6_ o 0.4 3 /4 Inbending 10.6 GeV Data Fitting using CB+Pol4 function 08k . ++
= iy 035 4 Outbending 10.6 GeV Data Fitting using CB+Pol4 function “F ﬁ***
04l . 02 7 Inbending 10.2 GeV Data Fitting using CB+Pold function o6l %43‘
o 0.1g Tt
%{i$ = O08F e e e e 0.4:1L
02r% = 0.05 ) -
i g O st ——] 02f
K 8-0.05 i
L R S S S SRS SRR | ‘-’_0101|2|3|45|6|_} B S S NP NP N I I
. pneutron gen [GeV] o : ko : - pneui?on gen [Ge\:lslls
) Pom [GeV] -
« Neutron efficiency in MC : Nyecle n) « Neutron efficiency (FD) in data from Lamya ,
"Ngen (with e~ rec) y ¢ 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 Prym the missing momentum)
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Neutron efficiency correction 1

o REC p neutron GEN
p neutron

(2] —
2 200 s F
c _ [e) - —— 4<6<20
3 - —4— 4<0<20 O 700[—
O 200 - —— 20<0<35
- ——20<0<35 4 + e
1801 ++ —— allo 600% & $a
160[— ++ C
140 :—+ -+ 500~
:_ - D +
120 +*§*@1@ .- 400 # Q- i
100 } O . C O
O __
60:— P o - - ho:.q
o C
ro- 200 %4~ i
40 %+ '-Q-'m ~o10:m+ - e O m
- ".'Lo-;_._, oo . - e r_o_:—o—?""
20— e, ol e, 100 . o
L | —@— "O“,_0_|—.—‘
0 Coo v by %m% — ’_._"—.—'
0.5 1 1.5 2 25 3 3.5 Coo v by gy e ) S5 &5 s == =% %
[GeV] 0
pneutron_gen 0.5 1 1 .5 2 2.5 3 3.5
p [GeV]
neutron_gen
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Neutron efficiency correction 2

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
S = r
= 6 R 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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Smearing of the kaons 1

Invariant Mass K+ K-
— We need a smearing of both kaons in the MC

E Data RGB fall2019
350
- - Psmear:P'(l +77.s)
300[—
- With 7, a random number from a Gaussian centered at 0.
250[—
200 3 The size of the Gaussian is the parameter 6(P)
150[— it
- + * H_ (5K+(P)=A1 @(P—Pl)@(Pz—P)—i—Bl @(P—Pg)@(Pg—P)—i—
100 }
n bt h
- { b Sk_(P) = A, O(P — P,)O(P, — P) + B, O(P — P)O(P; — P) + ...
- f LLLTREITRR TR YL SO AT
50 = +++++++H+++ Jr1-}’r L +H++H++’r it ++++ Jri-hr+++’r , hy ++++’r ++++
- &
Yo L — Minimize Gpata - Omc Per bins of momentum to find
Minv (K+K-) [GeV] the parametters A;, By, C; ....
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Smearing of the kaons 2

Random fill from the MC

How to extrat o,,cin one bin of momemtum? reconstructed event histogram
(with the smearing wich depends

/ of the parametters A, B, C, ...)

Py, €[0.00, 1.30] GeV?
Pym €10.00, 1.25] GeV
N, MC = 155 = 36

140 Py, €[0.00, 1.30] GeV?

Py, €[0.00, 1.25] GeV 100

120 = +
N;‘ =174 31 x3/ndf MC = 2.01
¥2/ndf = 0.68

100 o =0.003845 80 o MC =0.004011

80 Random fill from the

IIIIIIlTIIlIIIIIIIl

. % > distribution of data
.................. background
40 40
20 ¥ -
C 20—
| SR, | | | el L
1 1.02 1.04 1.06 B

.
oL+ | Lee’y 1 | A S| loou Leed [ Leedl [ Leedl

1 1.02 1,04 1,06 .08 11
DATA M(K*K) [GeV]
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Smearing of the kaons 3

Extract Opara and Op,c per bins

P(K) (GeV)
T |\|l| TTT

2 __

 X?= Y4, 0DATA — OMC
]

12

10

8 — Minimise X2 with Minuit2 (Simplex) and find 8
parametters A1, B1, C1, D1, A2, B2, C2, and D2 of
the smearing functions

o]

IILIIIIIIIIIlIIII|IIII|

| I. 1 | | 8] I - | | 11 .I ] I. I | L1 | . L1 1 1 .l L1 1 1 | L1 | | | L1 1 1
% 1 2 3 4 5 6 7 g O
P(K*) (GeV)
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Smearing of the kaons 4

0.0200

0.0175

0.0150 A

0.0125 A

© 0.0100 1

0.0075 A

0.0050

0.0025 A

0.0000

® ORGBDATA
& Average g MC smearing OFF
& Average o MC smearing ON

Q?€[1.6 - 6.5]

T T T
0.5 1.0 1.5

Mathieu Ronayette

T
2.0

T
2.5

T T
3.0 3.5

350

300

250

200

150

100

()]
o

8 I||I|IIII|II|I|II||||II||I|II|||II|I||I

So

iyt y
H My ++H++*++++*H+++++++ +++++’r+++++++++++++++++

Data RGB fall2019

— MC

——— MC smeared

| | 1 | L |

1.04

1.06 1.08

1.1

Minv (K+K-) [GeV]
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Acceptance 1

N : Number of reconstructed event
rec X
in the MC

N : Number of generated event
Ngen Nrandom I i the MC

Nmndom : Number of event random fill from the
MC reconstructed histogram (equal the
number of phi extracted in the data)

Contribution from the Contribution from the

model, the geometry and resolution of the fit. N it
the efficiency.

: Number of extracted event
with the fit (average of 10000
pseudo-exp)
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Acceptance 2

Random fill (with N,,,40.m €equal to the
number of ¢ in the data) from the MC
reconstructed histogram.

10

30F= > "
N Q*€[1.00, 1.60] GeV
N t€[-1.90, -2.40] GeV*
25— N, =77.4461+ 23.4024
- xndf =0.77
C o DATA =0.00900
20—
C A
15— J
? ‘ . _':'_ ....... ‘ LYRTRI i

o
T
.
.
.
.
.
..
-“
..
.
.
. 4
.
5  —

TR R ) detee

DATA

708 1.1
M(K'K) [GeV]

Random fill from the distribution
of data background

Mathieu Ronayette

Histogramme_0_3_smeared_500

Entries
Mean

Std Dev0.008556

77
1.022

stocker_Nfit_0_3

6:— [ Entries 10000
r 140‘_ Mean 67.71
C r Std Dev 23.75
41— =
- 120
oL L
- H x10000 ¢
ol o S R BRI 100~
1.06 1.08 1.1 3 [
- 80—
0l Q2 €[1.00, 1.60] GeV? L
B t €[-1.90, -2.40] GeV? 60—
B N, MC = 61.2342 = 17.1760 r
25— x#/ndf MC = 0.84 a0F
- o MC = 0.00687 -
20 \ 20~
15E- N P PR PR PR PO PO e oL 12V T I
C 20 40 60 80 100 120 140 160 180
10:— A ISR S
- A R R B PRCN| TR P TR SRR TR DR RN AT -
0 1.02 1.04 1.06 1.08 1.1 PseUdo exp

M(K'K) [GeV]

0 June 2026




Cross section calculation 1 (binning on Q2, xb, and t)

Data : Q2 vs Xy Data : t with missing nucleon vs Q?
/] —
o 10F < 10F
= e r = —400
TR —1200 > of=
:.2. 9:— © -
C ) -
8 180 é:-.
- —160 C
7=
= —140
6—
- 120
5
- 100
41—
- 80
o= 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 . . . . 2
0 01 02 03 04 05 06 07 08 09 1 e t binning for the two bins in Q

ij
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Cross section calculation 2 (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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Cross section calculation 3 (all fit data bin1 Q?)

Q2 €[1.00, 1.50] GeV?
t€[-0.11, -0.70] GeV?

Q2 €[1.00, 1.50] GeV?

2 2
tE[0.70, -1.20] GeV? Q" €[1.00, 1.50] GeV

Events / ( 0.006 )
Events / ( 0.006 )

= 70 = - 2
N, =68 =12 N,=75=14 t €[-1.20, -1.90] GeV'
x¥/ndf = 0.54 ¥3ndf = 0.76 N, =76+ 25
60 x#/ndf = 0.87

Events / ( 0.006 )

| ”H

' B
1.06 108 1. Fa—
M(K'K) [GeV] o
1 1.02 1.04 1.06 108 1.1
M(K*K) [GeV]
Q2 €[1.00, 1.50] GeV?
tE[-1.90, -2.80] GeV? 4 Q*€[1.00, 1.50] GeV?
50 t €[-2.80, -8.00] GeV?

N,=95=17

x3/ndf = 0.88 Nj=30213

x3/ndf =1.35

Events / (0.006 )
Events / ( 0.006 )
W

FUNISUN SUSTIUUS VNI BUSIS S}

108 i1
M(K'K) [GeV]
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Events / (0.006 )

Cross section calculation 4 (all fit data bin2 Q?)

= 80
Q2 €[1.50, 6.50] GeV? g Tk Q2 €[1.50, 6.50] GeV?
o _
40 t €[-0.24, -0.70] GeV? S Lok t €[-0.70, -1.20] GeV?
N¢=48:10 ~ C N¢=112:21
35 2 L
x3/ndf = 0.95 % 60— x#/ndf = 0.81
Lﬁ L
30 c
50—
25 c
40
15 - s 4‘ [T T
10 | { 0 /o \ I+ [T T’f‘l l
I - et B
. T Ba
Eoop” L e
0 S T am— 0= 1.02 1.04 1.06

Events / ( 0.006 )

"M(K'K) [GeV]

Q% €[1.50, 6.50] GeV?
t €[-1.90, -2.80] GeV?
Nq, =117+ 25
x¥ndf = 1.16

beedeebedeeet fede i

Mathieu Ronayette

108 1.1
M(K'K) [GeV]

Events / (0.006 )

60

40

20

Q2 €[1.50, 6.50] GeV?
t €[-1.20, -1.90] GeV?
N,=167=28
¥2/ndf = 2.07

-
n
o

100

Events / ( 0.006 )

80

60

40

20

Q*€[1.50, 6.50] GeV?
t €[-2.80, -8.00] GeV?
N,=116=23

x2/ndf = 0.85

+

T B

T8 A
M(K'K) [GeV]
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