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Talk Overview

K.

O KLOE and KLOE-2 @ Dad¢ne

O Measurement of BR(n =2 nttn)

Q Search for a Leptophobic B boson

A Preliminary measurement of BR(n 2 n¥yy)

Q Status ISR measurement of 7t n° final state

A Status of yy 2 n¥ measurement with low angle tagging system
Q First look to ¢ 2m7mtn~ and ¢ 2mutu decays

[ Conclusions
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g The Dad¢ne ¢ Factory

: KLOE/KLOE-2 performance K5

Frascati fD—FactE)ry complex

n

LINAC

—
|
S
: LT

550 MeV e+
800 MeV e-

g o e e e sy
SESESE

" ACCUMULATOR
510 MeV

Dadne upgrade 2012-2014

v new IR with large beam crossing
+ sextupoles for crabbed waist
v 60% increase in luminosity

- Lpeak = 2.4 E*? cm™ sec’!
—> Ltotal = 6.8 /fb

ete- collider at SQRT(s) = Mphi =1019.6 MeV
2 IR + 2 separate rings

Trf = 2.7 ns with 105+105 bunches

Continuous injection during data taking
Crossing angle 2x12.5 mrad

Best Dafne performace with KLOE (1999-2006)
= Lpeak = 1.5 E*? cm2sec!
—> Ltotal =3/fb

2.500

2,000 {+

[10% cm®s ]

W
& 1.000

L

0.500

0.000

¥ Lpeak KLOE-2 Run Nov 12014 + Mar 30" 2018

*

m * L KLOE Run Oct2™ 2001+ Feb 11" 2006 TrrrrTT

1500 0+ £a22 &
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a9 The Da¢ne ¢ Factory : KLOE-2 data taking 6.

=10 e T

000 Log Delivered
65007 -

E Delive
2 cqmred
60007 - - 155tar delivery: 6804.0
—~5500+- - - | Total Acquired: 5488.6
i 1

XU
>
=

‘é 5000

19714 06/15 01/16 07/16 02/17 09/17 03/18
KLOE-2 Run time (Month/Year)

KLOE-2 run: Ltot (delivered) = 6.8/tb
KLOE-2 run: Ltot (acquired) = 5.5/fb

KLOE+KLOE-2 data sample: 8/fb 2 2.4 E!° ¢ mesons
The largest ever collected sample at the ¢(1020) peak

26 July 2021 S Miscetti@Hadron-2021: latest hadron physics results from KLOE/KLOE-2 3



KLOE detector

K.

Drift chamber:

t

— Made of lead/scintillating fibers

— Covers 98% of solid angle

G,  57%

~ — Resolutions: F - Jicen)

_ 57ps
o= WC—B 140 ps

~0.52 T

— Gas mixture: 90% He, 10% i1sobutane

— Resolutions: 6,,~150um, 6,~2mm,
OP: < 0.4% (45° < 0 < 135°), 6, ~3mm

Electromagnetic calorimeter:

26 July 2021
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\ \ i
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\ ~ \ ‘\; Ve
| N -

IT: 4 layers of cylindrical
GEM detectors, larger

acceptance for low p, tracks,
to improve vertex resolution
at the Interaction Point

CCALT (LYSO-cristals) &
QCALT (scintillator tiles and
fibers with SiPM read-out):
both inside KLOE detector, to
improve low polar angles
acceptance for y’s & K; decays

LET: LYSO with S1iPM readout,
~1 m from the IP, yy-physics
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KLOE-2 physics 6.

KLOE-2 coll. EPJC (2010) 68, 619 Dark forces:

http:// agenda.infn.it/event/kloe2ws procs. EPJ WoC 166 (2018) « Improve limits on:

KAON Physics: U+y_associate production
e'e — Uy,U— uu, nm, ee
* Higgstrahlung
e'e— Uh’—p " + miss. energy
* Leptophobic B boson search

* CPT and QM tests with kaon interferometry
* Direct T and CPT tests using entanglement
* (P violation and CPT test:

K¢->3n0

0
direct measurement of Im(e’/ €) (lattice calc. improved) j]):g?’ ]];__: 77:0';(% =7

* CKM Vus: ’ L
K semileptonic decays and Ag Search for U invisible decays
(also CP and CPT test)
Ku3 form factors, Ki3 radiative corrections Light meson Physics:

* xpl:Ks—yy .

1N decays, w decays

e Transition Form Factors

* C,P,CP violation: improve limits on
n—oyyy,nn, n'n, naly

* Search for rare Kg decays

Hadronic cross section * improve n — n'wete
« ISR studies with 3w, 4w final states e xpT:n—-onyy
* F, with increased statistics * Light scalar mesons: f,(500) in ®— KKg vy
* Measurement of a,"© in the space-like * vy Physics: yy — n’ and n° TFF
region using Bhabha process * Search for axion-like particles
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K.

26 July 2021

S.Miscetti@Hadron-2021: latest hadron physics results from KLOE/KLOE-2



4 Search for ¢ > ny, n - i

K.

* P, CP-violating process
* In the SM the BR prediction [Phys.ScriptaT 99, 23 (2002)]:

— proceed only via CPV in weak interaction — 10?7
— introducing a CPV term in QCD — 107
— allowing CPV in the extended Higgs sector — 10-1°
* An observation of larger branching ratio would mean new
source of CP violation 1n the strong interactions

* Previous KLOE result [Phys.Letr.B 606 (2005) 276]
based on 0.4 fb'!: <1.3-10° @90% CL

e LHCb: <1.6-10° @90% CL [Phys.Lett.B 764 (2017) 233-240]
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Search for the > 1y, n - -

60000 -

40000 -

Entries / 1 MeV/c?

20000 -

—e— Data
—— Total bkg

N

e'e wye'e

— oo’

e'e YRR
ey

—— Other bkgs

)

0 -
80

100

120

140 160 180
Track Mass (MeV/c?)

Entries / 1 MeV/c?

s — 51 — ol = By — /1712 + M2, — \/|1a]? + M2,
New analysis using independent 1.6 fb-! of KLOE data
No event excess 1n the n region, limit extracted using CL, technique

BR(m—>n'n) <4.9 - 10° @ 90% CL

¢

)
M s
- :

Signal rescaled
088107

%2/ ndf 94.09 / 81 continuous
Prob 0.1516
1000| po  _2711es04 £ 243301 | Dackground
p 169901 | from mmy 4
p2 ~0.355 + 0.000 $
p3 0.0002499 + 0.0000002
500 ¥

.520. .

800~

54

0 560 580

600

M(r*m) (MeV/c?)

Combined with previous KLOE result: <4.4 - 10 @ 90% CL

Published in JHEP10 (2020) 047
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C I Search for a Leptophobic B-boson — 1 6.

*  Dark Force mediator coupled to baryon number (B-boson)

[Tulin, PRD89(2014)114008]

with the same quantum numbers of the w(782) = [6=0" 1oy / ‘ A T 3
. . . = w— 3
»  Leptophobic .. i.e. it couples mostly to quarks 01F L s mad A
* Can have an impact on (g-2)mu anomaly : S \ ‘\ ,’
1 0 0.01En-Pb [ || \ s 3
— T oaat _ 8B -5 : | \ T
L= 38BAY aB, ap= 1. S 1077 x (mp/100MeV) 10 etk i
C : [ S ]
: - S :
*  Dominant decay channel (mg < 600 MeV): B—n'y S 108 N\ :;'"“ g .
* Can be studied in: s TR i
) > A= b
¢—nB =>» nn’y = 5 prompt vy final state, § £ | éo - // i :
with 1 and ¥ intermediate states 1070 e - I
0 03 . oy / | aa= e 7
¢—ny = n—By = nyyy, one n’intermediate state 107F o gl
»c*r>cm o 8=885/(4ﬂ)2 ;
1 3 10—8 S i1 YR TR N W T SR N W ST S N S
B 0 200 400 600 800
= ] mp [MeV]
g 0.1F e O Current constraints from phi decay comes from
= ; ; ¢—ay Y KLOE measurement with 400/pb
;,‘: N -
T 001F : - L +KLOE A’ dark photon search exclusion usin
Q : ~. E phvton xe 5
] 2 5 BR(B—>¢'e) as a function of mixing parameter
m B : ecay — —ete” — a° — nta
10_3 i f?rudl:lcliuu ! my ~B| 140 MeV 1408-020 l\}ic\’ efu-luuu MeV B =y
0 200 400 600 800 " ;% o nete 0~y ronrr e
(¢ —nB ¢ — l:(’ ‘e (E} — "D

mpg [MeV]
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250

200

150

100

5

o

_F@pl_;l;lll
e

Search for a Leptophobic B-boson — 2 6.

» Searched for in full KLOE stat. (1.7/fb) in 5 photon final state (n and n° intermediate states)

* Kinematic fit used to improve energy resolution.
* Main background comes from

> 0Day2>nnly

=2 2> ny > 3n%y > 7y with 2 lost or merged photons

« B-Boson expected to appear as a sharp peak in the M(nt’y) distribution

* For upper limit evaluation, background is estimated from fitting to the side-bands excluding the

signal region

* Correction for reconstruction efficiency and luminosity underway to set a limit on BR

* Expect to vastly improve existing limits on o .

|||||||||||||||||
o)
=
0o
R
e =

Nev_90CLs

* *| ! d ﬂ 100:

60

R |-

Preliminary

My

Excluded at 90 % CLS

—— Nev exluded at 90% CLs vs B mass

0.15

0.20

0.25 0.30 0.35 0.40
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Relevance of ¢ = ny, n —=n yy

K.

[LI. Ametller et al. PLB 276(1) (1984)]
* ¥PT “golden mode”: O(p?) null, O(p*)=0 on the tree level and suppressed on 1-
loop by G-parity and large kaon mass = O(p®) are dominating

*  M(yy) that are not coming from 7t° can be used as a test of theoretical models

0.18

6
I I I I | I I I I I I I I | I I I I | I I -
i +WZW &
1.2 __ X ".D' JQO}SS b E E Anomalous + previous mechanism
? 1~ ‘,-""././/./" N u % 4:— Resumed VMD loops +
= I e VMD XN =N pievious mechanism
3 0.8 A \\\\ -1 E 3 Coherent sum of
I L2 ) TN e and tr
Z;: o VMD W S chiral loops and tree
= 0.6 e T T T TS ~ \ T .
E i ,// - \\\ t‘ & 2= \‘552'_‘\‘4:: ST
~ O 4 | // \\ _ L : f ..............
L / \ [t -/ T —
02t \ it level VMD
/ N tree-leve
4 X-loops resummed __ \ E | lChu'*ll loops .
L s e I "o om 006 088 01 012 014 06
M, [GeV] m ) [GeVic]
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4

Relevance of ¢ = ny, n —=n yy

K.

= This Work: A2, 2007+2009
71 v  CB(AGS), PRC78(2008)015206
B & o A2 MAMI-B, eC:C070910(2007)159

----------- VMD, Ng et al. PRD46(1992)5034
Oset et al. PRD77(2008)073001
mmimememee Danilkin et al. EPJC73(2013)2358
— — — Danilkin, Fit All Data

dr'/dm? [eV/(GeV?/c*)]

N

| | | | | \
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18
m2(yy) [GeVZc*]

2
10
3 =’ | £ P2 | N M1
ATCIICCCE TN GO
7.\ Jona asini
JUH el dd1hld
107 Bt S / \ i ™~
I 7, T i
{ v 4 h WY 4 \
| N7 \
|
. /\ \
" : \ X\ N V4
3 e -/
v.PI
Arx
o +VMD
£ 8 ] g 4 i g = a =
= = 2 ¢ : iz =2 €
Z [ > + + H + & = 3
= 5 - H =
i fE § 2 E L g8 < 2 3
H g & © B s F < = 2
3 = e & = = + 3 < =
S % i ¢ T s ¢ & I &
T ¢ 5§ £ 2 2§ 3 & 3
Z = K3 = + M 2 2 H
s ¢ 2§ g ¥ Z = g
z 2 2
£ = g = =
= Z o w =
- >
3 g By &
3z
o
=

BR = (22.1 2.4+ 4.7)x10° CB@AGS (2008)
BR = (25.242.5)x10° CB@MAMI (2014)

Old KLOE preliminary: (8.4+2.7+1.4)x10-
(L =450 pb! ~ 70 signal events)

=)
=]

events/ (6 MeV/cz)

20 |

10

o -

50 |
40 |

30 [

3 sigma signal
4~ significance

gt
T non°n°n° = |

background hﬁﬁ
440460480 500520 540" 560580 600
m (4Y) MeV/c2

Most recent Theory evaluation

R.Escribano et al. PRD 102 (2020) 034026

BR=1.35(8)x10~*
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4 ® — ny, with n - %Yy new analysis strategy [ ")

1 A new analysis of KLOE data carried out using x4 larger data sample (~ 1.7/fb)
O Similar strategy to the prompt analysis of the B-Boson

O Energy resolution of all variables improved by means of a kinematic fit

O Kinematic fit with constraints on 1 and ©° masses used to reject a0

A Two n° events removed to suppress ¢ and o

0 TMVA-BDT based rejection for n—>3n merging cases using cluster shapes as an input

> 5 DATA Entrios 62175
3, e MIC Sum (includirg signal Mean 0.2039
& L] P MC n-33x* 2lest & e
= e NS D 1242
2 il Integral 6 2186004
: é’ MC n-23x° losl-merge
(XS e MG 1) -33X" OtheT
-~ [\,)f\’ ] T MC Sum non-3x° (a1, |
s —— MC nsa®yyaignal -~
e
¢—ny with nor’yy * oo 500 o
A . Preliminary

) _7\
\_ \ /\‘u/\,u =
e+ Tl 2/
) 400
0 o,
Q )r\ f\ / j\u:n,\ \/>
(o 2 200
Lo
e 6.,-2

lllllllllllll

J‘

i

E, [GeV]

DATA-MC diff
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Data-MCsum/c

) KLOE: n — n’yy signal I

Enkries 68407
%- Mean a.5241
1000
i_ u Lint: 1730 pb-l AMS 0.04585
3 T B integral 553064004
800 71)(10777 22 frdf 21308
g0 0.1193 £ 0.0008
Sig: 1250+ 130 [ oressoo
500 18 m DATA evts
£ e NMC n—-n°yy Signa[ Residuals
400 — — MC n—3n°
- MC sum: a,,f o
200 — — MC All
¥ T ¥ Y —Y 0.54 0.56 068 06 062 o§‘4;j
2. y
8 4
0. B &
-0. 4] ®
C I | m b | [ |
AFES, "m Tl N NN S Wl B
0.46 0.48 0.5 0.52 0.54 0.5 0.58 0.6 0.62 0.64
IM,, [GeV/c?]

Great agreement of data-MC sum of S+all background components. Residuals have pull sigma=1
Clear evidence of the signal (S/B~0.1) ~ 20% efficiency
10% stat. error i.e. 3 times better than previous KLOE study
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BR normalization: counting n—>3nr°

K.

IM6g fit

Entries 5135539

—y
(=]
)

m DATA
— MCsum
— 3pi0
— allphys
— allrad

Nev /10 MeV
80!

—
o
'S

—
o
w

—
o
)

8:_I—|—|'|'|'|'|TT]‘ IIIIIﬂTl Illlllﬂ'| ||||m|| I

—
o

Mean 5475

Std Dev 2215

Integral  5.136e+06

-
o
wl

BR(M—-m°yy) _ _Ng/es
BR(M—3m°) N3zpo/€3pe

1 1 | 1 | 1
500

PR I 1]
800 900
IM(eta) [MeV/c?]

BR=(1.23 + 0.14,,,, )x10™*

PR A T T Y T B
600 700

- Normalization based on very stable counting of 7 photons events.
- few % stability on the counting if integrating 6-8 photon events

- In agreement with latest theory calculation and with old KLOE preliminary (1.3 sig)
- Work on systematics is well progressed (Kin fit, TVMA, Chi2 cut)
- Work on M(gg) spectrum is also on-going
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Yy Physics at KLOE-2

K.

ete™ s ete v*y* 5 efe X

for quasi-real photons JF¢(X) = {Oi"", 2i’+}
— X = {7‘(‘0, T, 77}

.

Y

Physics Goals of tagging low-angle scattered

—
>
Y

dF/dW, ( MeV™!)
I
<
IS

—
>
&

-6
10
10

10

dF
Neex = Lee f W (Tyy—>X(W) dw

Weizsacker-Williams approximation

lg?| << W?

9.5

M I PR |
250 500

750 1000
Ww (MeV)

<~ 85

Theory and experiment
As rep. in Science 2020:

>
. \q-): KM/{ NNLO AM. NLO GBH, NLO
- - = 10, QCD su 2
et/e 1n.KLOE 2 N XS I
O Precise measurement of the I'(t"—>yy) % i o i 1
. . . —~ ) -
with collider method (i.e. as CBAL, ASG) J -
—> Aiming at few % precision % .
O Measurement of the FF for ¢> < 0.001 GeV? 4 _ |ea oz 5 E -
22 =z gE |EE HE HE 2
B R% BE M2 =28 FE 82E
0! O o nE A g8 £
6.5
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g Low angle Tagging system in KLOE — 2: HET K.

- HET (High Energy Tagging) stations located 11 m away from o )
IP after the first Bending dipole of Da®ne acting as a momentum HET: Scintillator hodoscope with

Spectrometer for the scattered leptons 28 plastic scintillators in Roman Pots

- HET acquisition syncronized w.r.t. the KLOE DAQ with Da®ne o9 ~2,5mrad, or ~ 5mm, ot ~ 500(1)ps
(each 325 ns) and the KLOE trigger. The HET acquisition window
corresponds to 2.5 Da®ne revolutions recorded when a KLOE
trigger is asserted

- Analysis is based on the accidental pure (A0/A2) samples used
for background modeling with respect to the accidental +
HET*KLOE coincidences (A+ sample)

hdtre Front End Plastics
Entri 1.544124; 7 B d PMT . .

10" Mr;::s 5 _9227 oar Light Guide Scintillators

B Std Dev 86.91
250_— A+ l)ljhlll'l {'lduhmﬁ

C AO Nominal orbit (Ebeam = 510 MeV)
200 — 4| Scattered

C /" | lepton

R " | trajecto
1s0 A2 g j ry
100 [—
50—

O_I 1 I 1 1 1 1 I L 1 1 1 I 1 1 1 1 I 1 L 1 1 I 1 1 1 1 | 1 1 1 1
-250 -200 -150 -100 -50

#of bunches
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g Status of yy =27’ search with 1.5/fb (1) 6.

[ ] Data
———— Fit Sum
EsmEm Background Fit

Signal Fit
%?000
£000r

O reconstruction of 3 tb"! completed ,
U Here we present only 2017-2018 data surviving our DQM e

126)

(0

0000

Events /

>
w

U Single-arm selection established _
8000

- 2 photon sample associated to the same bunch crossing 8000
- Selected bunch crossing, and, independently selected HET
signal, in a time window of 40 ns around the KLOE trigger

6000

4000
O Simultaneous fits of A+/A samples ) 1 /\ :
Fit to accidental—pure samples used to constrain the 2000}~ L AT =
- number of accidentals in A+

- Time coincidence window : 4 bunch crossings

6000

[T rr[rrr[rrr[rrrjr

4000

P P R N IS B C s = SR NRRTL RRUTA ol b b b b b b L
2 15 1 05 0 05 1 15 2 2 15 -1 05 0 05 1 15 2

Signal from Fit

- Accidental pure sample (A) used to model background pdf
- Signal pdfs by Ekhara simulation, control samples and BDSIM transport of the leptons through the beam line.
- Acceptance extracted using low angle radiative Bhabha cross section measurements .. in progress

ATW- ARyy/c <0.3 ns ATW- ARyy/c > (0.3 ns

30000

8000
7000 25000

6000

20000
........

5000

15000

4000

3000

10000

2000

s 8§ 3 ¥ 888 8
T T T

5000

1000

— |

L - T 1 1 1 L —— ] 1 1 L 1 L 1 | L 1 T PR —Y I 1 1 L L 1 L
100 120 140 160 180 200 100 120 140 160 180 200

M,, [MeV] M,, [MeV]

26 July 2021 S Miscetti@Hadron-2021: latest hadron physics results from KLOE/KLOE-2 22



a4  Status of yy—>n¥ search with 1.5/fb (2) G

)

@ Data

o L 56000
. . N = Fit Sum N
* M,,, cosf,, with a signal ©6000 msms= BackgroundFit £ [
[ S Famseoi—e- Signal Fit s
enriched cut S F 25000
- 25000 o [
(.ATW AR, /c <0.3 ns) 25000 2 r
simultaneously fit o H4000 -
4000~ £ Z
e P lasti 1t1 - i Fit result N
z vs plastic position C ! oo q 3000
: 3000 zoome L
(xHET ) correlation - i -
included in the fit. C [
2000f- 2000
) . : -1 ﬂlgﬁ 40‘96 1)‘94 40‘92 40‘9 A‘Bﬂcé‘g‘i -
* checks of simultated signal 1000 1000
and fit results ongoing C -
O 11 l 11 1 ﬁ_‘#l_l_l_li‘l—l—l—k 1 l 11 1 l 1 0 L 11 l 11 1 l 11 1 l 11 1 l 11 1 l 11 1 l 11 1 l 1
1 -0.98 -0.96 -0.94 -0.92 -0.9 -0.88 -0.86 11 -0.98 -0.96 -0.94 -0.92 -0.9 -0.88 -0.86
cosh,, cosb,,
9000 E_ 10000 —
8000 F— - i F .
= B s = Fit result
7000 F— 8000 —  [Feeeeees 3 zoomed
so0 - [ T B :
5000 F— 60001 * T
4000 F— & m: I I Se—
- A 3 4000 el
3000 :_ rrrrdrre sz P —
= o Fit result ~
2000 == E wzoomed, . 2000 |—
1000 — B
0..|.1—.—|—f.|...—|ﬁ.|.‘. P I T S s—ra— S EE I B S —
-40 -20 0 20 40 0 2 4 6 8 10
Pz, [MeV] XHET [cm]
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a4  Status of yy—>n® search with 1.5/fb (3)

K.

O 8% precision on signal reached with ~ 1.5 fb-1(2017-18 data)

L Now performing calibration of the other samples

=>» Investigating effect of kinematic fit procedure on reconstructed variables
=>» Example of «iper-selected» events shown below

M,, with IA T,,-A R,,/cl<0.3ns and cos6<-0.95

» =
cv\! . @
o — o)
P 5000 —
: — ! ' 1
2 — o
c -
2 4000 — o
w -
K &
2000 [— ¢ @ Data — o
[ [s] Background
[ ) Data with background subtracted
1000 —
— ® _ )
0 ] | ] ] ] | ] ] ] | ] ] : | e | ] 1 ) I ] | ]
100 120 140 160 180 200
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a 31t channel with ISR return (1) K.

e 3w channel represents the second largest contribution EPJ Web of Conferences 234, 01006 (2020)

on a VP at the leading order, both in absolute values vl SND 2002 |
and uncertainties. i ; §§B %8(1) 2 ]
- BaBar 2004
, - . CMD-2 1995 -
e  Current cross section measurement of et'e— 3w comes 100 | . 81\1\28% :12 8(9)2 8
from CMD-2/SND measurement with energy scanand 2 ' . CMD-2 2006 1
by Babar/BES with ISR technique. 5 . Y
_ 10t
. . . Y i
e  For SQRT(s) < M¢, this measurement is feasible
using ISR technique in KLOE/KLOE-2 1
e Improve lack of ISR data samples in low energy region, I _ . . . .
complementary results to direct energy scans 0.6 0.8 1 1.2 1.4 1.6 1.8

V5[GeV]
Further physics goals:

, W .
2 v' to extract the peak cross section of the process
10Gev e'e— V — 3m , involving vector resonances
V =@, w and to measure cross section of non-
—— 0.0GeV, oo resonant process €'e— y — 371
3.1 Gev
v" to measure product of branching fractions
\ +
2.0 GeV B(a)—> € e') X B(a)—> 3t )
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a 31t channel with ISR return (2) K.

In KLOE we can use 246/pb off-peak and 1.7/fb on-peak
e Sample used: 1.7/fb on-peak
* MC signal generated with PHOKHARA 5

Event selection:

- At least two tracks with opposite curvature

- Three neutral clusters with:
- |c0s0[<0.92, Eclu >15 MeV,
- Tclu-Rcelu/c < min (2,50¢) ns

- Two tracks with opposite curvature that are extrapolated
inside a cylinder with

r=4x%2+y2? <4cmand |z|< 10 cm

Additional selections:

- Kinematic fit with seven constraints
X270 < 26 rejects Kaons

- cosyy < 140° to reject Bhabhas

- E, <207 MeV to reject pm

Ey = |Prt +Br—| — (Vo — /m2 +p2_ —/m2 +p2,)
/871’ = f,B (A-[Qﬂ’)
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a 37t channel with ISR return (3) K.

Entries/3.50 [MeV/c?]

Residual

Good data-MC agreement reached Extraction of 37 cross section in the ® region in progress:

“10° over all mass spectrum 107
1= —+ Data sol—
—— MC sum |
B ete’ - .
o N N3, ;
n — 0K K -
i wEE Y (prestr) | 15— 2ngfeq.79
— mnly (phokS)[ b B
—— MC rest > -
()
E —
g 10—
S b
0 L
= L
L
5 —

n |
10p

© B e e e e,

-3 55 : o0 PP I e ° . °®
& :_.... .............. : 0. 0.9 7. .......% ‘.. .,.‘...4.4.‘.29..4.4‘.4‘..5.4.4.. .... @ . ........

() E : : : : : :
o -5 R s s oo oo

_10E i i i i i i

600 650 700 750 800 850 900 95( 720 740 760 7280 800 820
M(rm* ) [MeV/c?] M,,. [MeV/cT]

O Data fit with a single BW convoluted with the ISR radiator and a mass resolution smearing function

O Large improvement on fit quality with better mass resolution description (2 gaussians) =»Still improveable
U Errors on fit parameters are excellent ( 10-50 keV on I" and Mass and % on Bee*B37)

O Analysis of systematics on analysis cuts, background subraction still on-going

O Theory fit model being refined

26 July 2021 S Miscetti@Hadron-2021: latest hadron physics results from KLOE/KLOE-2 28



First look for the ¢ ?nn*n and ¢ 2Inuu- decays 5.

* In VMD model, e*e-—nmm- is proceed via p resonances, mainly via pn
intermediate state. KLOE/KLOE-2 data allow to measure the line shape
around ¢

*  ¢—nmmviolates the OZI rule and G-parity, VMD predicts the Br~ 0.35x10-s.
Br<1.8x10-5 @ 90% CL @ CMD-2 PLB491(2000)81

* The same sample can be also used to search for the Dalitz decay ¢—nu-,

LU

Br<0.94x10-s @ 90% CL @ CMD-2 PLB501(2001)191 ¢
With ~700 pb?' KLOE data, analysis procedure for ¢2?na‘'n~ and nu'p is
established:
* NIV clear p—nm+w- and nu+p- signals
* 2 charged tracks
* 2 or 6 prompt photons INTTT PInun
/ T\
NQ NO 600 [~ —e— Data
% S — Total MC
= § [ R Preliminary
- 400 -— 400 e L g .3
. -~ i e'e U .
8 2 | =5
£ 200 5 200}
B0 540 560 580 600 B0 520 540 560 580

" M(yy) (MeV/c?) M(yy) (MeV/c?) *
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a Conclusions I

kiok

The KLOE and KLOE-2 experiment have collected a total of 8/fb of
high quality data for both Kaon Physics and low energy hadrons

We have published the world best limit on n—>m"nt~ using the whole
KLOE data sample reaching the limit BR < 4.9E"S, 3 times better than previous one

We are studying 5 photon final state to set the world best limit on the leptophobic
B-Boson searching for the decay chain ¢—>nB, B—>nly
=» same 5 photon sample is used to study the golden Chi-pt process ¢—>ny, n—>n0yy
Our preliminary BR 1s ~1/2 of previous best measurements and in agreement
with the most recent theory calculation

We are using s produced with yy-fusion and tagged with our low angle tagging system
to determine the I'(’—>yy) of this process. 8% stat. error reached on the first 1.5/fb

A clean signal of 37 final state in the ® region through ISR method is established.
Statistical determination of the parameters looks very promising.

We have observed for the first time, clean signals for ¢ 2m7'n~ and ¢ 2nutyu” decays

Working hard to complete all of these items. Stay tuned
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Additional material
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B—>7°y in ¢—>Bn channel K\i

o Study on 1.7 fb-! of KLLOE data M(2y) after kinematic fit correction
* 5 prompt photons in the final state: preliminary E
— ¢—=>nB->nm)mC(ry)y—>Sy ~ e

with lost or merged photons

* Main background coming from: e e ,
d—>(a,—nn°)y and ¢—>(M—>37°%)y 2- \.

* Kinematic fit to improve resolution .,

1] I‘~h
J ”l
L 1 | | | | \ 1 ! | " | |
0 500 1000
/Mw Ve

e'e —yy events
not in the MC
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Low angle radiative Bhabhas cross section measurement

o | %
Ki ol

Motivation: infer HET A X £ with high precision Reference period: Oct17-Decl7

hLbase21

» I ndf 762917

H ET P OS Prob 0.3664

constant0.0001768 + 0.0001553

Po=(1—pp)N

Pp: probability to have no signal in the HET 0.9995 fbos  7.599e-05 +3.256e-05
C powerl 1.123 £ 0.183

pp: probability per bunch crossing to register So99f-

one radiative Bhabha with the HET, linearly -

increasing with luminosity (L [10%2 cm ™ 257 1)) 0.9985 [~

N: number of bunches considered in the 0,9983_

measurement (N=22)

1
25

N

1 1 I 1 1 1 1
15

Lmninosity

b f—

1 1 1 1 1
05

Data analyzed per bin of circulating DAFNE

y hLbase13

currents (Ie p [A]) and per HET channel e 2 i 725717

e = HET ELE Prob 0.4026

Measured probability p = py, X (Tyunch /10 ns) 0999 constant0.0001109 00000076

- tbcs  0.0001584 + 0.0000056

0.9985 = powerl 1.957 +0.399
A’ X ogpa estimated by a fit to Py as a function 20‘998;_
of LL measured by KLOE with Large Angle 0.9975F
Bhabha 0997F-
Fit function: (1 — p)N, 0s0est-

p:K+A,XUBhaXL’K:aXIE.p I B LR =55

Luminosity




0 (XgeT YHET), Bbbrem vs Ekhara

Ele : HM : Plast = 10

o [mb]
4. Jd
e";‘
._
;

10
Y, imml

Vertical green line: Plastic design position

Vertical dashed red line: Plastic position

from A’ X oBhLa measurement

oL

Magenta squares: BBBrem o(Yget)
(small binning)

Green circles: BBBrem o(Yyet)
(large binning)

Vertical green line: Plastic design position

Horizontal red line: A’ X o}, measurems

Vertical dashed red line: Plastic position
from A’ X oy, measurement

a [pb]

o
w

1. Average Yygr shits derived for each data taking period

from low angle Bhabha cross section measurement

per channel

2. A final global shift for each station is then included

in the simulation of the 70 signal (red line)

o
-

(=)

Ele : HM : Plast = 10

—&— Ekhara?2 Small Bin
—e— Ekhara2 Large Bin
—#— Ekhara3 Small Bin

—¥— Ekhara3 Large Bin
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a4

Resolution [%)]

EMC Resolution and Trigger efficiency using radiative Bhabhas control samples

Datarec DBV-40 data used

40 ¢
{ x2 / ndf 32.784 /12
BE Prob 0.001
i p0 5775+0.106
e pi 0.553+0.073
#
25 *  Energy resolution consistent with a stochastic
"*'i term p0=(5.7 & 0.1)%
20 ‘
¥,
15 et
o= —— ]
. Small noise term pl = (0.55 £ 0.07 ) %/E /GeV :
PR P —— P MR B PR L. . |
0 0.1 0.2 0.3 0.4 _ 0.5
pmiss[GeV]
0.5¢
E ¥2 / ndf 22.8/12
0.45F po 0.05833 + 0.0007424
E . p1 0.1451 £ 0.002537
0.4
0.355— f Time Resolution Vs E (GeV)
-
03F %,
E —*— run82184
0.25 l-.*l:é*’ —¥— o' o’ [K2ET-496
o gt
0.2F 4*3‘* ______________
0.15F e
01E PRI BT S T R A S T RS SN S S [T S S S R T
"0 0.1 0.2 0.3 04 0.5

Added point at 500 MeV (from ~-~ studies)

}
%

Trig eff Oct17-Mar18 mod=22 z=193

Efficiency on one photon of 70 MeV > 90%

l —
)8
i f 2/ ndf 17.85/29
).6— Norm 0.7465 + 0.2255
i Thr 435+ 0.4445
L scal 0.7499 + 0.2562
).4H sigma(50 MeV)=14.13 MeV | resol 0.06381+ 0.003846

| Cnir2/NDF=0616, prob=0947 |

2l
B it
— i i
[ = 4umjusw] : -I! 1 1 1 | 1 1 1 I 1 1 1 I 1 1 1 | 1
0 20 40 60 80 100
Enecl [MeV]
Threshold Vs IZ1 EMC mod=12
60
E "+Z
55:— 2
50:—
. I —
45—

Trigger efficiency studied for different intervals|of |Zcl|, for
all 24 EMCuomodules and for different data-taking periods
[ using HET data control sample

35|-||||||||||J_|||[||

e 50T W O
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—4— Data

x10° —— MC sum
5 35— HHE oraaly (pmosth)
<] r e’y (phokp)
7] 0
Qo C b—on
E 30~ e
C — =K Ky
250 efey
C mc rest
20H
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Left: Chi-square distribution after pre-selections. Middle: Photon energy distribution after
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—4— Data
mea MC sum
r etey
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. peak 3.174 = 0.364

U mean 1.24 +0.27
E sigma 2.92 +0.20
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Left: Invariant mass M3y after the scaling. Middle: Enlarged in omega region. Right:
Restdual distribution after the scaling.



2.4 s .
S I (05W)=8.49[MeV/c?] Breit-Wigner resonance
2'2; T, (cBY®&W)=10.3[MeV/c?] 0 Narrow resonances: J/1, ¢ and w
2 n OWi(sx) T, variation=1.79[MeV/c?] O'BW(S/) = 127 s’ r..T
1of o 3 MVE (SI_M‘Q/)2_'_M‘2/F%/ eel 37
“k BB variation=9.86e-06[MeV/c?] . o .
1.6F ] ISR distorted visible cross section.
Emf ! m = +/s(1l — x).
f 1.2F /)\\ Determine AI' and A#AH
2 \ o2V ® Wo(s,z) in small mass interval AMs,
- t _ is ~~ BW
0.8 4,\ N32° = Linto3,? = Lisros," , where
- Iy \
0.6: / ) S B
o vis ~_
0.4 / o3 R / e(s, x)Wo(s,x)oz," (s(1 —x))dx,
0.2F / N 0
0: ——rr T 11| L1 1] |- L1 L1 1 T .
740 750 760 770 780 790 800 810 820 resulting
M, [MeV/c?]

vis
Normalized Breit- Wigner line shape in o3 (U, B5) —
omega-mass region (Black). Effective line UE’,YV(FBW + AT, BABpw + ABRB)
shape distorted by the ISR photon emission

(Red). Graph
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