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Introduction

Search for a MeV-GeV dark Higgs boson, S, that couples to quarks and gluons. Initially
proposed by B. Batell et al. (ariv:1812.05103) and refreshed by L. Gan et al. (arxiv:2007.00664)

@ B. Batell et al.:

» For, mg < 2mgz, S — vy
»  For, mg > 2my, S —hadrons and in particular 77

@ L. Ganet al.:

»  For, ms < 2mg

* Sy
* Ifmg >2me, S — e
* |Fm522m“,5—>,u,+,u7

+eo—

> For, mg > 2my, S —hadrons and in particular 77

@ B. Batell et al.

@ L Ganetal
Different coupling for each decay mode

@ Branching ratio (BR)
rad”)

+e— tp—
M(adM )+ (ag 7 )+ (el H )+...
@ T partial decay width, I a%

@ Limiton ag X BR
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Numbers of expected events and UL on observed events

Relation between number of expected events, Nin°, and of UL on observed events, NgbLs

@ Ny,° =N, - B(n — Sn°)
> Ny: numberof n; N,y = o - L

* o cross-section
* integrated luminosity

»  13: branching ratio

S
@ NUL =Nyp° e

P ¢: detection efficiency

Then,
NUL
@ B(n— S0 = —6(1’\});
So, for S — vy
NUL

® By = 57°) = Rz,

® B(n — Sr) ~ 0.056 (

@ o5 =g2/(4m)

2
) (B. Batell et al)

—4)2 UL
) OLUL _ 1 (7><10 ) Nobs
s 47 0.056 e-B(S—~v7)-Ny
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Sensitivity

Is defined as Ngjz = x1/Npyg where:

@ Niig, number of signal for a given mg and window corresponding to Amg = 2.50 (o is

the signal resolution)
@ Nypkg, number of background for the same mg and window
@ x is the significance in “sigma” unit
Then by replacing Ngg‘ by Nig

S
—4\2
Py aSensitivity _ L(7X10 4) x4/Npkg
N T 4z 0.056 e B(S—77) Ny
@ N, =5x10"19

L 0l —1o
L 10 E 20
0.03— L 50
> [ [
o L
% [ n
2 0.02F ]
E [ 10 ?
ool o, .
(_\t;””m”m””m”m ol il
0ol 02 03 04 1 10 2
mg [GeV/c?] mg [MeV/c?]
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Comparison to existing bound and future experiments

For 100 days, g, ~ 7 X 103

Gu
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Selection critiria for S — e e™

e Kinematic fit: vp — np and n — 7" e™
» 717 mass not used as constraint

» 79 mass not used as constraint
@ Based on 11 variables (not yet optimized):

xX* (< 3)

Elasticity

Coplanarity between 1 and p
Mass conservation

Extra energy (= 0)

Unused tracks (= 0)

7% invariant mass

Cluster number below 4.5°(?)
Vertex z and r

Proton momentum

YV VY VY VY VY VY VY VvYYy
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Invariant mass distribution

After selection critiria applied
@ No cut on cluster number below 4.5°(?)
@ Signal = n — e~ et (BR < 1079)
@ Background = w — e~ et (BR = 7.7 x 107%)

I o Simu, sig

* e L4

§imu, signatbackground H

nal
o Simu, background

D
o
o

%
400+ 4: b M

Events / 0.005 MeV/c?

200~ ¥,

0.4 0.6 0.8
Moo [GEV/C]

@ Fit to match distribution for mass above 700 MeV
@ Missing contribution possibly due to w — 7%y (BR=0.0828) with ~ conversion into e~ e*

in target (~ 1% probability)
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Invariant mass distribution

After selection critiria applied
@ One or more cluster below 4.5°
@ Signal = n — e~ et (BR < 1079)
@ Background = w — e~ et (BR = 7.7 x 107%)

e om Signatbackground ##
| o Simu, sig
600r g Simu, background +

¢ #!

% 400, :t ﬁl ##
g R
% ﬁ ¢*
w

200

0.
Moo [GEV/C]

@ Fit to match distribution for mass above 700 MeV
@ Missing contribution possibly due to w — 7%y (BR=0.0828) with ~ conversion into e~ e*

in target (~ 1% probability)
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Invariant mass distribution

After selection critiria applied
@ Two or more cluster below 4.5°
@ Signal = n — e~ et (BR < 1079)
@ Background = w — e~ et (BR = 7.7 x 107%)

400, paa
- Slmu signal+background
- T* ﬁ
v
> s00F
2 0 #
g8 t # #
P
I S
g 100l b
100 ' ey
S S
[ ’ o 3
[ WF ot W b
0= 06 08
Moo [GEV/C]

@ Fit to match distribution for mass above 700 MeV
@ Missing contribution possibly due to w — 7%y (BR=0.0828) with ~ conversion into e~ e*

in target (~ 1% probability)
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Invariant mass distribution

After selection critiria applied

@ Three or more cluster below 4.5°
@ Signal = n — e~ et (BR < 1079)
@ Background = w — e~ et (BR = 7.7 x 107%)

100

50~

Events / 0.005 MeV/c?

.
2, signal+backgroun
o Slmu,Slg al

)
Waﬂ
i

#
w% aty

el Bl
[GeV/c 2]

*.A
R e

R o
il

0.4

0.8

@ Fit to match distribution for mass above 700 MeV
@ Missing contribution possibly due to w — 7%y (BR=0.0828) with ~ conversion into e~ e*

in target (~ 1% probability)
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Remark on w simulation

0

@ There is no card available for w — 7%e~e* in gen_amp

@ | used genEtaRegge and evtgen with Belle (Il) decay file
@ Not sure if it is correct

#

Decay omega

0.892000000 pi- pi+ i OMEGA_DALITZ; #[Reconstructed PDG2011]
0.082800000 pio [ELLES VSP_PWAVE; #[Reconstructed PDG2011]
0.015300000 pi- pi+ VSS; #[Reconstructed PDG2011]
0.000460000 eta [ELLE VSP_PWAVE; #[Reconstructed PDG2011]
0.00@000 pie e+ =z PHOTOS PHSP; #[Reconstructed PDG2011]
0.000130000 pio mu+ mu- PHOTOS PHSP; #[Reconstructed PDG2011]
0.00150 pi+ pi- gamma

0.000066000 pio pie gamma PHSP; #[Reconstructed PDG2011]

0.00050 pi+ pi- pi+ pi-

0.000072800 e+ e- PHSP; #[New mode added] #[Reconstructed PDG2011]

0.000090000 mu+ mu- PHSP; #[New mode added] #[Reconstructed PDG2011]
Enddecay
#
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Invariant mass distribution

After selection critiria applied
@ No cut on cluster number below 4.5°(?)
@ Signal = n — e~ et (BR < 1079)
@ Background = w — e~ et (BR = 7.7 x 107%)

1500

ﬁ@e

i

- o Data
» Simu, signal+background
o Simu, signal
o Simu, background :5’

1000

500

Events / 0.005 MeV/c?

@ Fit to match distribution for mass below 700 MeV
@ Missing contribution possibly due to w — 7%y (BR=0.0828) with ~ conversion into e~ e*

in target (~ 1% probability)
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Invariant mass distribution

After selection critiria applied
@ One or more cluster below 4.5°
@ Signal = n — e~ e (BR < 1079)
@ Background = w — e~ et (BR = 7.7 x 107%)

:'Da(a %@
LSBT b
gom ;
2 1000+ % |
= L % +
3 |-
s | ;@v
o : ¢
g 7 2 M *‘%
e 500+ ; ‘
(] I ! #
U>J Y
7 »
7 8
%
- -
i 0.6 o

Mg [GEVIC]

@ Fit to match distribution for mass below 700 MeV
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Invariant mass distribution

After selection critiria applied
@ Two or more cluster below 4.5°
@ Signal = n — e~ e (BR < 1079)
@ Background = w — e~ et (BR = 7.7 x 107%)

800F Ff

o Data #ﬁ
L~ Simu, signal+background

o Simu, signal
L o Simu;, background

L 600
g i
2 ool !
S 400" Wﬁt
g | o W
5 | g
@ 200 %'
%%@
0= o8 08"

Mg [Gevic?]

@ Fit to match distribution for mass below 700 MeV
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Invariant mass distribution

After selection critiria applied
@ Three or more cluster below 4.5°
@ Signal = n — e~ e (BR < 107%)
@ Background = w — e~ et (BR = 7.7 x 107%)

[ o Data
& Simu, signalbackground
F imu, signal
100 5 Simu; background

N

12) L

=

>

> L

=

o L

o

s} L

o

~ 50 ﬁ
[7)

12}

c L

2 ﬁ
>

o L

0.4 0.6 0.8
Mg [GEVIC]

@ Fit to match distribution for mass below 700 MeV
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Simulation of S — e e™

23 masses simulated between di-electron threshold and di-pion threshold

F ez on
mg =0.1450 GeV/c?
a,= 153+-0.07
[ x2=170.4126

= 014446 41 000002
—_ r 43+1-0.03
B L 149100 +1-377
S 500+ 0= 27401
> L W,= 0.00526 +/- 0.0001
g W, 00112 +1- 00005 @ Signal PDF corresponds to 2 Crystal Balls
w RS with common mean

@ Used Jared’s script to parametrize each
T | fit parameter as function of the mass
0.9606 0.1228 0.145 0.1672 0.18¢
m,.. [GeV/c?]
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Simulation of S — e e™

23 masses simulated between di-electron threshold and di-pion threshold

'_‘0.015:* gt
© I o @ Signal PDF corresponds to 2 Crystal Balls
2 H -+ A (CBs) with common mean
% 0.01:, ‘._l-.!—"'*-*. = - @ Used Jared’s script to parametrize each
2 I ‘_..__.-"" ‘“_‘_J--H"‘ fit parameter as function of the mass
% i ':;‘,‘,w*""‘"- A @ Red: CB 1 width
€ 0.005% e pot @ Blue: CB 2 width
i e @ Black: weighted width
% o1 02

mg [GeV/c?]
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Simulation of S — e e™

23 masses simulated between di-electron threshold and di-pion threshold

0.8
[ @ Signal PDF corresponds to 2 Crystal Balls
s 06 (CBs) with common mean
.§ i ..+ -------- @ Used Jared's script to parametrize each
i 0 4; P4 e . { " fit parameter as function of the mass
i + @ CB 1 proportion
0 2; @ CB 2 proportion = 1 - fraction
[ L L1
00 0.1 0.2

mg [GeV/c?]
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Simulation of S — e e™

23 masses simulated between di-electron threshold and di-pion threshold

4 L
2 tnenan
_ i R ... @ Signal PDF corresponds to 2 Crystal Balls
o (CBs) with common mean
>
8 O @ Used Jared's script to parametrize each
o fit parameter as function of the mass
Sl \"4., @ Red: CB1
++‘+ ........ . @ Blue: CB 2
B e 0o T
_4 =
L [
0 0.1 0.2

mg [GeV/c?]
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Simulation of S — e e™

23 masses simulated between di-electron threshold and di-pion threshold

40
_ L @ Signal PDF corresponds to 2 Crystal Balls
o 30; +H ++++ (CBs) with common mean
E [ } @ Used Jared's script to parametrize each
= 20 . fit parameter as function of the mass
Mk @ Red: CB 1
ol 4 ~+ ). ® Blue: CB 2
Fas,
ol S viewraalyy Lo gl ol ol oL
0 0.1 0.2

mg [GeV/c?]

ijaegle@jlab.org (JLab) Search for the dark scalar S 11.06.2021 21/ 34



Simulation of S — e e™

23 masses simulated between di-electron threshold and di-pion threshold

0.15/ e
I e
2 [ @ Signal PDF corresponds to 2 Crystal Balls
S o1 (CBs) with common mean
E r @ Used Jared’s script to parametrize each
w i fit parameter as function of the mass
0_05; @ Calculated detection efficiency
[ L L1
00 0.1 0.2

mg [GeV/c?]
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Expected sensitivity

@ Take solution (2) with fit to match distribution for mass below 700 MeV

@ Di-electron invariant mass after cut on m_o.+.— between 480 and 600 MeV

@ ., /Npke X LIBF__ for 5 given mg and window corresponding to Amgs = 2.50 (o is the
& 7 Lspring2017

signal resolution)

2°° -
Y Ds.muibfckgmug i gg
E 150:— % % . F
g 100; ﬁ ﬁﬁm Q é 10'“?
L% 50?— %ﬁ %%ﬁ% !
B %M i

0 0.2 0.4 0.6 107
mg [MeV/c?|
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S st~

Three modes:

@ n— xS
=> Mpr < mg < my — myg
@ n = x°s
=> Myr < ms < mp — my
@ ' —»nS
=> Mzr < ms < my —my
Loose selection critiria based on the same variables as other decay modes
40000
-
530000 :
> r 3
[0} L 4
) [ ]
g A i
o
S20000 B
S [ H
P [
2 [
g [
1110000~
07‘)”\””\‘”\‘
0 1 2 3 4
Myyer [GEV/C?]
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p = np, n — S7°,

and S —» ™

Cuts in diphoton invariant mass around the 7% mass

2001~

1001

Events / 0.001 GeV/c?

.

% S
&
,a;‘* G ‘mw’* *‘M

!

85

ijaegle@jlab.org (JLab)

055 0.6

Myyrere [GEV/C]

Search for the dark scalar S

065

07

11.06.2021

25 / 34



vp—=n'p,n — S0 and S — whw

Cuts in diphoton invariant mass around the 7% mass

| J
1500 I #:'M

1000
?M o bt y
500 *WW

\\\\‘\\\\‘E\\\\‘\\\\‘\\\\
0985 09 0.95 1 1.05 11

M,y [GEV/C?]
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vp—1n'p, ' — Sn,and S — T

Cuts in diphoton invariant mass around the n mass

100

50

Events / 0.001 GeV/c?

MW*

0 L *&\ #
08 09 0.95 1 1.05 11

M,y [GEV/C?]
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vp — np, n — S7° and S — 7F7~, PDF and efficiency

a, =-1.4487 +/- 0.003

(— mg =0.3200 GeV/c?
1000 25_ \n 228 a,= 1.73+-0.03
XT= 408 = 0.32001 +/- 0.00002
— [ A = 0.497 +/- 0.009
5‘ L Ny = 91299 +/- 302
S
3 n,= 1.835 +/- 0.005
e i n,= 24+-2
& 500 W, = 0.00267 +/- 0.00003
'q&; L W, = 0.00544 +/- 0.0000:
>
] L
0 g L L 1 L
0.3 0.32 0.34
2
M, [GeVic?]
B i
3
a
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vp — np, n — S7° and S — 7F7~, PDF and efficiency

.
0.4 y
e 0.8 0.015(
4 &t
g 2
> s 06 R I |
& o35 - 2 P = 001
= p 8 . S
] o T o4 El
8 - 3
= - 2
& 0005
0.3 0.2
I | I o I | I |
03 0.35 0.4 03 0.35 0.4 0.35
m [GeV/e?] m [GeV/c?] mg [GeV/c?]
a
40 ;
- - 0.15
— e y
© T 8o 3
5 H b I
l .. , . T 200 { i}
.
0.05
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L .
. , . porer . . , .
0.3 0.35 0.4 0.3 0.35 0.4 0.3 0.35 0.4
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vp—n'p,n — S0 and S — 77—, PDF and efficiency

1000— a,= -1.1665 +/- 0.006
mg = 0.3200 GeV/c? !
a,= 145 +/-0.02
X? = 176.4665
J1= 0.31992 +/- 0.00001

— [ A= 0.616 +/- 0.007

5‘ . Ny = 76429 +- 276

S -

S | n,= 450 +-0.02
I n,= 31+-4
> 500 W, = 0.00262 +/- 0.00003
c = W, = 0.00469 +/- 0.0000:
)

>
o L

0 | . I N el AT
0.3 0.32 0.34
M., [GeV/c?]

g

5

a
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vp—n'p,n — S0 and S — 77—, PDF and efficiency

0.8 -
S 0.8
r <
= 2
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S o6 ; < oef e —.. ]
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& [y El
8 . - 3
2 K 2
04 -~ 14
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/

P —n0'p, N

Events / ( 0.0001 )

Pull (o)
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— Sn,and S —

400

200

mg = 0.3200 GeV/c?
X2 = 91.7698

a,=-1.1664 +/- 0.001
a,= 1.209 +/- 0,010

M = 0.32002 +/- 0.00002
A= 0.616 +/- 0.001

Nqg = 39461 +/- 199
n,= 4.50 +/-0.01

n,= 25+-4

w, = 0.00268 +/- 0.00003
w, = 0.00442 +/- 0.0000

......

1
0.32

1
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VP =P
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Conclusion

To be continued
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