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KLOE @ DA®NE

« DA®NE.: Frascati ¢-factory, e*e” collider
@ Vs #1020 MeV ~ M, ; Gpear®3.1 pb

Magnetic field:
0.52T

* Best performance in KLOE run (2005):
Lpeak = 1.5 X 1032 cm2s!
| Ldt = 8.5 pb-'/day

* 2001 -2006: KLOE data-taking
= 2.5 fbl@\s=M,
+ 250 pb! off-peak @ \s=1000 MeV

Integrated luminosity (pb!)
[ pb™" 2005: 1256 pb!

wer 2004: 734 pb!
=l 2002: 320 pb!
600 | 2001: 172 pb!

1zuu

Drift chamber: 90% He-10% iC,H,,
¢ SpT/pT =0.4%
* 0,,=150 pm ; 6,72 MM; Gyepex ¥ 3 MM

2005

2004

400

we Calorimeter (Pb-Sci.Fi.): 98% of 47t
<~ * og/E = 5.7% / \(E(GeV))

1 1 1
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KLOE-2 @ DADONE upgraded

DAO®ONE upgrade (2008), new interaction
scheme: large beam crossing angle +
crabbed waist sextupoles
Best performance in KLOE-2 run:
Lycak = 2.4 X 102 cm2s! - [ Ldt = 14 pb-/day
2014 - 2018: KLOE-2 data-taking
= 5.5 fb~! collected @\s=M,,

0 aesssehest KLOE-2 luminosity [pb!
£ LET: 2 calor. LYSO + SiPMs
§ 2000 @ ~1 m from IP

1000 \ R HET:Scint.hodoscope+PMTs

00 = N .

1914 06/15 01/16 07/16 02/17 09/17 03/18 = AL- - pltCh:S mmj; @ 11 m from IP

KLOE-2 Run time (Month/Year) - -
CALT - Tungsten / Scintillatin 3
KLOE + KLOE-2 data sample: Q 8 8

Tiles w/ SiPM

Quadrupole Instrumentation

~8ftb 1= 2.4 X 101° ¢’s produced
= the largest sample ever collected at
a (I)_factory 2023 - October 18, 2023




CPT and T tests in neutral
kaon transitions

T and CPT are described in QM by antiunitary operators = tests require the exchange
of in and out states, and the reversal of all momenta and spins B
The entanglement of neutral kaons produced at a ¢p-factory (6+ e — ¢ — KOKO)
can be exploited for direct tests of T and CPT symmetries in neutral kaon transitions

Due to Bose statistics and angular momentum conservation, the initial state
is fully antisymmetric and can be written in terms of any pair of orthogonal states

1 1
V2 V2

IK? >, |K°® > areidentified by the decay into 7~ ¢%, g7/~ respectively,

i>= (K" >|K°> —|K'> |K">)= ——(|K. > |K_ > —|K_ > |K| >)

assuming the AS = AQ rule

|K_>, | K> are the neutral states tagged by the observation of the partner decay into the
CP = +1 eigenstate i and CP = —1 eigenstate 3n’, respectively

* |K_>, |K> are orthogonal if one neglects direct CP violation effects (&)

[J.Bernabeu, A.Di Domenico,
P.Villanueva-Perez:
NPB868(2013)102, JHEP1510(2015)139]

P.Gauzzi MENU 2023 - October 18, 2023 5



CPT and T tests in neutral

kaon transitions

Assume as reference the process:

CP conjugate: K° — K_

K_ — K°

T conjugate:

CPT conjugate: K_ — I_{O

K° - K_

[J.Bernabeu, A.Di Domenico,

P.Villanueva-Perez:
NPB868(2013)102, JHEP1510(2015)139]
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t, " t, | Attt
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C AR
t, 4 A=t
K. o K Ko
T O Tt
< t1 » t1 » At=t2-t1 >

* The first kaon decay (at t;) is used to tag the second one, and the decay at time t, is

used to filter the final state

P.Gauzzi
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CPT and T tests in neutral
kaon transitions

Ratios of decay rates can be constructed, sensitive to the different symmetries
T P[K°(0) — K_(At) I(nte 7,37 At) 1 R, (Af) =
B2 (A0 = b 0) S KAl ~ It a e vidd) < D 2P
=0 _ 0.
RT(Af) — P[K (0)—>1:(At)] I(: ¢ V,_Eﬂ_._At) L
PK_(0) = K (At)] [(mtmn—,nte"D;At) D

[(xre v,37°% At)
[(r—etv,370; At)

| [(mFTm—,metv; At)
Ry cp(Al) = - ——

’ [(mtm—,mre—V; At)

[—— i —

RoPT(agy - PO 2 K (A0) _ Irtew 3. a0 1 * Double ratios:
T PK (0> K(ay mra e nan D (80 = e e
R; 1370 et) I(ntn—, et
PKO(O — K_(At I(m ety 30 At 1 CPT 0 - - 4
RPPT(A t) = _ < — RS I(3n°,e) I(rTm~,e™)
PK_(0) -» K°(At)] Irtn—,7netv;At) D REPT(N) T I3, eN) I(ntn,e)

(CPT double ratio is model independent)

In the asymptotic region, At >> 15, the first decaying kaon is essentially a Kg and
the second is a K,

~ Y
Y

P—KK; —nt;e v,3n°

P—KK, -, T e*v K
L -

D | <3n°|TIK_>* _ Br(Kp—3r°)l'y
+ 5 —
MENU 2023 - October 18, 2023 | <™ 7 |T1E+ > | Br(Ks %;TW)FS
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CPT and T tests in neutral
kaon transitions

* Analyzed sample: L= 1.7 fb-!

 Selection of p—KK; —ntetv n0n'nl

* Semileptonic decay identification with
ToF technique

ddt(r.e) [ns]

. ddt(rt.e) [ns]

ddt(e ) [ns] ddt(e ) [ns]
B(me ) 2 + m2 L e
2F ' i ' ' 2r

L ~ " o -
ot(me ) =T — —— B(me ) = \/ R TR T
p

dit(e, ) = dt1(me) — dta(m,)

dt(7) [ns]

diot(m,e) = oty (m,) — 0ta(me)

+ K;—na'a%’: 6 photons in the EMC

K
* Neutral vertex reconstruction with
trilateration method

P.Gauzzi MENU 2023 - October 18, 2023 3

-
I 1
2 0 2 4 6 8 10 12 14




CPT and T tests in neutral
kaon transitions

« Selection of p—KK; —>ntn ntetv:

'''''''''''''''''''''''''

10° F — total (MC)

- — signal (MC) |
— Vertex with two tracks with opposite charge [ ggggmund (MC)
close to the I.P. 10 F7
- Late semileptonic decay, vertex with two g 107 | 7
tracks with opposite charge :
10 £
2 _ 2 2 2 :
my = [EK o E:F(ﬂ-) _pmiss] — P+ ol
— — - — -0.05 0.00 0.05
Pmiss — PK — P+ — P— m2+m? [(GeV/c?)*]

e E4(m) is the energy of the charged track in the pion mass hypothesis
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CPT and T tests in neutral
kaon transitions

T-sensitive
150 x?/NDF =39.0/18
125
) + 4.+ t
g 1001 pope-- ++'+‘".}I_;‘_;_'"_;_'_;_+_+_ # ++
0.75 1
050 —— 00 10 20 250 300
) At [75]
10 X*/NDF =20.9/18
125 +
o5 100 +$#i#$+’"-+=+‘+'+'¥* -t -t++'+'
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Double ratios
0 X?/NDF = 26.3/18 +
. 1251
5: 1.00 + i-t#t*— 171 -+- R +
s T
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*/NDF = 25.9/18 10 X*/NDF = 38.2/18
1.25 1
ttnt R 13t
ety ¥, *++++ S gt T
50 100 150 200 250 300 050 100 150 200 250 300
At 6] . At [75]
X*/NDF = 26.5/18 10 ?/NDF = 21.2/18
1.25 1
RSt taad - M
T ﬂ:ﬁ’ 5 10 +;+*+;#"‘f-+-¢+-+ﬁ+*+ﬁ++
0.75 1
50 100 150 200 QS(L\ 300 050 100 150 200 250 300
At [75] At [15]
\"7 \\ f ol ) F1.008
1.02 ; 7 T r1.007
007 _.“5 _____ *""*"":’"l | H1.006
0.981 i i :»
0.96 .
r1.004
091 R;.T R;.T RZ.‘(,‘PT R4.‘(7PT 1?2_'('}’1 R??(‘P RLVI R4j0P R4j0P
Expected: ---- T viol. from CP viol. assuming CPT

MENU 2023

---- CPT invariance (exp. ratios =1)

---- CPviol. from PDG 10



n—nlyy

ChPT golden mode = sensitive to O(p%), O(p?) null,
O(p*) suppressed

Br=(2.21 £ 0.24 £ 0.47) X104 CB@AGS (2008)
[PRC 78 (2008) 015206]

Br = (2.52 = 0.25) X 10 A2@MAMI (CB + TAPS) (2014)

[PRC 90 (2014) 025206] s ™
Old KLOE preliminary § o }[ S
e Signal
result: 3 ef H + .
(0.84 = 0.30)x 104 6 Wl JF }__H_
(L = 450 pb! ~ 70 signal events) = %fﬁt ﬁ J(
»
[Acta Phys.Slov.56(2006)403] oF qomerr -Fﬁ-
, background T
440 460 480 §00m (541;) 540 560 if:e ‘;S;)Z

Invariant mass of non-n” photons can be used to ‘
test theoretical models

P.Gauzzi MENU 2023 - October 18, 2023

dr(n — n%yy)/dm? leV/GeVA

0
0

ooy withnonyy */ 71

r]‘ ( ~
o

~ 4

[PRC I78 (2008) 0{152061

Phase Space

VMD, MN'=0.30 eV

VMD+aq, (destr.), Nr=0.27 eV
VMD+aq, (constr.), r=0.37 eV
quark box, N'=0.70 eV

0.05 0.1 0.15
m*(yy) [GeV?/c*]



n—nlyy

m DATA
MC Sum including sigral)
S| — A A st
s MG 12327 2merge
MC 1-232° lost- menge
gon| — MG 1-23a° cther

¢—ny, n—n'yy - L=1.7 bl

Selected sample:
fully neutral events with 5 prompt
photons in the EMC

gnnl-

200

Main bckg: ¢—ny, n—3a
with lost or merged photons

DATA-MC atl
SiEhées haec
ln ”I T

Other bckg:
— 7m0y final state from ¢—£;(980)y
and ete —on’ with o—naly
- na%y from ¢p—ay(980)y
= strongly reduced through
kinematic fits with mass constraints
Further cut to reduce the %% events

[GeV]

]2

2 0\ [m(7172) - mﬁo]z [m(7374) — Mo
x“(27°) = 5 + 3
o (71’72) o (7374)
P.Gauzzi MENU 2023 - October 18, 2023 12



n—nlyy

Background n—3n? with merged photons, reduced with Multivariate Analysis:
BDT with 12 cluster shape variables

TMVA overtraining check for classifier: BDT 14000 — Entries 174760
- Mean 0.1084
k] Signal (tdst sample) | | = Signal (trhining sdmple) | ] C i StdDev  0.06533
= 9 Background (test sample) | | * Background (training sample) J 12000[— ] Integral  1.748e+05
; 8 Kolmogorov-Smirnov test: signal (background) probability = 0 (0,002) — :
3 . E oo |
6 =N - ° ||~ Normal clusters
EH oo~ 70 yy JJ
5 EE C H
4 35 6000 — Slgnal }[le H — Merged x100
: : A
2 ED e {H
49 2000 —
0 0 01 02 C +++H++‘fﬁ 1
-
BDT response 0— 1 _614 1 +¢+++|4Hs+613+ﬁ—#—}1}‘ 1 (l) T 0}2 + L 0]4 L1
Cut efficiencies and optimal cut value - Entries 933269
Signal efficiency ——— Signal purity E Mean 0.1169
~—— Background efficiency J— s;as B Hiclency purtty 40000 :_ k! Std DSV 0.0644
3 ; * Jao 8 35000 = 4 Integral  5.333¢+05
E 1 . — ‘—_“,.u\\il :25 é E
2 CS = g 30000 P
S \ 20 = o J —— Normal clusters
2 L ) - 25000 — + +
£ 06 g E ¥ 4
w L e —: 15 - ; + 4‘++ J
0.4:_ SO SRR S 510 200005_' +++ +++++ ‘ —Mergedx10
02— ‘For1000 signal and:1000 background- _E 5 15000 ;_ +++ o ++"+* f{
I events the maximum S/{S+Bis ] . 7.[ A | o o4
A AN o Dl T . - 10000 (- M
v 05 04 03 02 -01 0 0.1 0.2 e E *;.'
Cut value applied on BDT output 5000 — aCkgrOU.II}ﬂ *,
C - L
. | R R ree sal| | PR TR SR .S SV ST N Y S
P.Gauzzi MENU 2023 - October 1§ 2z 02 0 02 04



n—nlyy

Normalization sample: ¢—ny, n—3a°
= 7 prompt clusters, very clean, low background final state

N, (8.13 X 107) evaluated from events with exactly 7 prompt photons,
and checked with the sample with 6 < N.;pc <8

7y sample, no %° cut : 7y sample, ¥°<20 cut
%1 06 - DATA » m:x‘:‘ %1 OG i - Sosensn
S = |=—MCsum e wuml = ..F s
<10 | MC 3pi0 — S0’ -
T |—K.Ks—5x ~ 4F
210* |— other bekg 20tk
- S = Z F
10°E 10° I
107 10°F
10 ; 10 é—
1k 1F
1 = LE
10°9™700 200 300 400 500 600 700 80 eQIOJ (1: qoo 100 200 300 400 500 600 700_80Q 9001000
2 ., M(6Y) [MeV]
6-8y sample, no %* cut 6-8y sample, x“<20
i R T —
20 S0
9105 -3 9105 E
0t = gm" -
10°F 10°F
10°F 10°F
10 é— 10 é—
i3 1|
10 10»1 C L L 1 1 1 1 1 L
. O 100 200 300 400 500 600 00 80 001000 0 100 200 300 400 500 600. 700_800 9001000
P.Gauzzi ME Bv?ewcq . 700.800 90010

M(5-7y) [MeV] 14



n—nlyy

Signal extraction: fit with three

. § 1000 ® DATA
components, using MC shapes & | ¢ moyy signal
for signal and bckg. © ol — MC 37

----- MC sum: a,f .0
sooL —— MC Al

Enirios

Std Dov
Intagral
#* i ndt
PO
p
(=3

€407

05125

0.06351
6.7360404
2333/197
0.03355 = 0.00305
0.1164 = 0.0007

0.1378 = 0.0085

= ~ 1200 signal events
(same statistics as A2 measurement)

200

* Agreement with our old
preliminary result

Data-MCsum/c
o
I

* About 4 o discrepancy with
the other measurements

P.Gauzzi MENU 2023 - October 18, 2023
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dl(m—nyy)/dM?

me(yy) BIN: (0.0000 - 0.0110) GeV?/c*

180 Entries 7069

wo|  Ng=2144+-37

Mean 04738

RMS  0.07247

Integral 6801

LU LA AL R L

A 1 i)
0.35 04 0.45 0.5

8.3 0.6 0,
m(4y) [GeVic®]
m?(yy) BIN: (0.0675 - 0.0875) GeV?/c*
Entries 8115
wa|  Ng=2354+-55 » e 08114
250__ RMS  0.04714
E Integral 8101
200 —
150 f—
100 E—
50 f—
b3 05055 06 065 -0
m(4y) [GeVic]
m2(yy) BIN: (0.1300 - 0.1700) GeV?/c*
] DATA Entries 2586
1 MC n—nyy signal Mean  0.5697
0 N¢=106+-53
MC T]—)31(° RMS  0.03%04
..., MC sum: af Integral 2580
s |—— MC Al
&0 f—
40 f—
oF
03 035 04 045

P.Gauzzi

aso

300

250

200

250

200

m(yy) BIN: (0.0275 - 0.0475) GeV/c* m(yy) BIN: (0.0475 - 0.0675) GeV/c*

NS=1 97+-57 foan 0.4807 250 NS=21 5+ ’60 * Moan 0.5008
g RMS 0.05699 aca = RMS 0.05373
E rtogra 11820004 b rtogral 1.4140+00¢
;_ 200 E—
3 ol
E 100
e sof-
= =l = - E L SO o8 i e

.35 0.4 0.45 0.5 0.55 0.6 0.6 U, 6 3 0.4 0.45 0.5 0.55 0.6 0.65 ),
m(4y) [GeVic™] m(4y) [GeVic’]
m2(yy) BIN: (0.0875 - 0.1075) GeV?/c* m?(yy) BIN: (0.1075 - 0.1300) GeV/c*
Entries 5456 180 Entries 3593

Ng=198+-54 Mean  0.5268 180 NS=86+'53 Mean 05432
r RMS  0.04298 140 - RMS  0.04174
:_ Integral 5445 120 ;— Integral 3579
E 100~
- =
E of-
= wf-
E wf-
L o - E a4 e
3 0.45 0.5 0.55 0.6 6 3 0.55 0.6 0.65 0

. M, (Gev]
 Separate fits in bins of M?(yy)

* Same binnning as in A2 analysis

* Bin 0.011-0.0275 GeV? missing due to 7z? veto

* Good fit quality for all bins
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dl'(m—nyy)/dM?

002 004 006 008 0.1 0.2 0.14 0.16

of

Efficiency vs M2
Y = [ [] Tolal error minus corr
© - Uncorrelated total error
N> B Escribano, PRD102(2020)034026
0.22- > 51— o A2 MAMI, PRCS0(2014)025206
o2F- . T & ¢ A CB(AGS), PRC78(2008)015206
018 e @t e 47—
- - e
0.16=* ® %: -
Y014 e o =
o S °E
= = F
£ oF-
R == T
$0.08]— B
0.06f— E
0045y =8
0.02— T 04E
E S 02E-
oE P L [l [ [ i =
0 002 004 006 008 _ 01 012 014  0.16 g UE
o-0.2E-
2 2 0.4~
M2, [GeV?]

M2, [GeV?]
* From separate fits
= Br(n—nyy) = (1.01 = 0.11,) X 104

Prediction based on LcM + VMD
= Br(n—ayy) = (1.30 £ 0.08) X 10~
[R.Escribano et al., PRD 102 (2020) 034026]
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* In VMD models e'e-—na*n~ occurs
through the pn intermediate state

* ¢—nan violates the OZI rule and G-parity
= Br(¢—na‘tn)<1.8 X 10°@ 90% C.L.

[CMD-2, PLB491(2000)81]

* The same data sample can be used to search for the Dalitz decay ¢—nup-
= Br(¢p—omupn) <94 X 10°@90% C.L. [CMD-2, PLB501(2001)191]

* Focus on ¢—nutp process, exploiting both n—yy and n—3a’ decays — L =1.7 fb-!

R AN n

S — Daa S —— Data 0
> S - — 37’ channel
% 2000 — — TotalMC n—)’yy Channel % — Total 'YlC n

= PN T NoYY s 400 mm ¢—>m+1 Ty

oV B ooy ) — - ¢—>§ ﬁ

~ 1500 ¢y, N0 - _ o— sL

a3 + ) others

O e T a i

E 1000 — others -E 200

TR g

500 ‘ e
0k

600 700
P Gauzzi M(yy) (MeV/c?) .o M(6y) (MeV/c?)



G—nuTp”

n—y n — ©n’n’

RS : x%/ndf = 1.21426 Data i - Data . x?/ndf = 1.075
> 1000[- Total Fit > 400~ Total Fit
s [ Nsig=4689.3+91.5 e § " KsKL
- Signal e
~ Bko e - Signal
_8 0 n 8 200 N Other bkgs
uCJ =

0 .
_ 5: A fl \
O

300510 520 530 540 550" 560 570 I T T T T 7 (Y

M(yy) (MeV/c?) M(67) (MeV/c?)

Br(¢ — nutp~) = (5.65+£0.11) x 107° Br(¢ — nutpu~) = (5.76 £0.19) x 10~ °
* Systematic uncertainties under evaluation

P.Gauzzi MENU 2023 - October 18, 2023 19



G—nup”

Entries / 5 MeV

The Transition Form Factor can be extracted from the distribution of M,,,

3/2

1 dr(p - qutp0) « 1| amMg(  2M ¢\ amiq?
T A @ xg - (1) (HMé—M%> (M3 w3y’
1
« According to VMD: F(q°) = = A= d—lz
1 — A2 dC] q2=
i i %.)
300 M — Y o ; Data E 300+ Data n — nonox? l[
- IR Bkos Lo Bkgs -
i o b e » Signal
200[- e + Signal O 200F °
i = [ i A |
100 i'{.'}*}** () \‘:’1 \)OO 1
- -‘\f)\i«m\, é,, \\ A }”WWW {,1‘
. . , AL
8.2 0.3 04 0z """"%6s o4
M(un) GeV M(u+u) GeV
A™? = (3.01 £ 0.10) GeV~? A™?% = (2.90 4+ 0.20) GeV 2
P.Gauzzi MENU 2023 - October 18, 2023
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ete” wete Yy = ete P [C(P) = +1]

. /
P

o—

\\ - Science 368 (2020) 506
.

e Transition Form Factor | ; B_TiTI : |
Frep+(q%,0) at space-like g> st ]
(|q%|< 0.1 GeV?), relevant for A
the Light-by-Light scattering
contribution to (g-2),

HET:

A 4

Goal: measurement
of I'(m"—yy) @ few % level

9.5

Y

PrimEx-I1

©

e

PrimEx Final
Prim.)

(Prim

PrimEx-II

(Prim.)

CERN

(Direct)

CBAL

(Col.)

(pi decay)
PrimEx-T
(Prim.)

Cornell
Prim.)
PIBETA

6.5

Theory and Experiments

* Bending dipoles of DA®NE closer to IP act
as spectrometers for the scattered e¢*/e”

* Scintillator hodoscope + PMTs,
inserted in Roman pots, pitch: 5 mm,
~ 11 m far from IP
MENU 2023 - October 18, 2023

P.Gauzzi

e'le” tagger-

Strong correlation between E and trajectory

Nominal orbit (Emm =510 MeV)

' Scattered
/| lepton
| trajectory
| E<E

beam

PMTs
(Q.E. = 35%)

Plastic scintillators
5x3x6 mm®
(28 ch. for each arm)

Plastic scintillator
5x3x130 mm*®
(1 ch. for each arm)

21
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Accidental-pure data (A sample)

hdtre
Ertries 154471200407

Nean 00.87

A+ /‘? Wﬁf; Iy

Single arm selection (L = 3 fb-1)
— Two-clusters in the Barrel Calorimeter

-
(=]
w

— Selected bunch crossing and HET signal in a
time window of 40 ns around the KLLOE Trigger “F
 HET acquisition time corresponds to 5 '\
2.5 DA®NE revolutions “F \
:ﬂ‘?idt. 1tal-pure + HETHKLOE coincidenjces (A+ sample)
Analysis based on “A+”/”A” comparison: ol

PRI SRS TS SArS PRy B SUE T T SR P Y S
-200 -150 -100 -50 n an

e “A+” sample: overlapping time window ABunchygr. i,
KLOE-HET (signal + bckg.)

@ Data
« “A” sample: outside overlap window Saof- mees B F A
= I signal Fit
HET only foooat £

@
o
o
o

 Simultaneous fits on several variables

6000

//A\

« Example of fit on one HET / %

readout channel ¥ ey 1
T e T ek e | e o
Dtr Signal from Fit
A(T-R/c) [ns]
P.Gauzzi MENU 2023 - October 18, 2023
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1200 <{> ;\':U weighted HET Ele
|

4

meas
On0 N7r0 leha.
UBha €ana ! 11311};38,8 Ayt

Nrneas Umeas @
Bha Bha from KLOE online

measured at few % level

N,y counting: final checks on weights ongoing
€anas Analysis efficiency evaluation completed
Normalization to Radiative Bhabha at very
small angle

Luminosity measurement from KLOE online
and cross-checks with efe —vyy

A Bha

Ao

/N

: evaluation of systematics in progress

g

N _op unweighted

Counts
g
LI

g

g

Lo 4
iy S H

P PP B |

— N
"THET Pos J\_:U weighted

o unweighted

JF JE Combining electron +
H‘ il positron sides

#[ i jf + + = 6.5 % precision

S iyt =
% =" 26 28 Yo"z 4

HET channel

HET channel
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 Renewed interest in the KLLOE data after the recent results of g-2 @ FNAL, and
the measurement of the hadronic cross section with the energy scan method by
CMD-3

< 500 > [CMD-3, arXiv.2302.08834 ]
+——t
Significance will likely decrease Fermilab 1+2+3 =
with an updated SM prediction (2023) = = before CMDZ
< B > = — . CMD2
—o—+ o
SM: e+e- HVP World Average - SND
T.I. White Paper (2023) = ]
(2020) - — = K%OE comb
- R BABAR
Select;vdhnem'; resul:;ozo) L f_ '__'_‘ BES
since White Paper SM: Lattice HVP = ;
BMW Collab. = CI;'EO
(2020) = e .— SND2k
_— 3
SM: e+e- HVP = : — = CMD3
using only CMD-3 I N T T T T
SaESaWaTDRY 360 365 370 375 380 385 390
175 18.0 185 19.0 195 20.0 20.5 21.0 a’™ (0.6<(s<0.88GeV), 107

a,x10” - 1165900

[G.Venanzoni, Muon g-2 (@ EPS-HEP 2023]
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KLOE measurements: . JKLOE Combination [JHEP03(2018)173]

+ KLOEOS: small angle analysis, 240 pb' @ My, ,,[""Zm— =~
Phys.Lett.B670(2009)285 . ™l R ; z

*  KLOE10: large angle analysis, 250 pb-'@ 1 GeV % = l; %
Phys.Lett.B700(2011)102 £ A Y

« KLOEI12: ratio n*n™y / p*p7y, 240 pb! @ M, :00 - ’WM/ \\

Phys.Lett.B720(2013)336 :

L L
0.8 0.9

a™™[0.1 — 0.95 GeV?] = (489 £ 1.7 +4.8) x 10710 V(s) [GeV]

« New measurement starting with the 2004-05 KLLOE data sample L = 1.7 fb-1
~ 7 times the statistics of the old measurement
(New group from Liverpool joined the Collaboration)

Blind analysis, to avoid any bias from previous results

Aim: factor of about 2 improvement in the total uncertainty, measuring the
hadronic cross-section at few permil level
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Conclusions

KLOE-2 data-taking completed on 2018
~ 20 years after KLOE was turned on

KLOE + KLOE-2 sample = ~ 8 fb'! — unique sample worldwide
= ~2.4 X 10'° ¢’s produced

The data sample collected by KLOE provided important results on decay
dynamics of light mesons, Transition Form Factors, discrete symmetries of
the nature, and also on searches for New Physics in the Dark Sector

The high precision investigation on light hadron physics and on
fundamental symmetries will continue with the analysis of the
KLOE/KLOE-2 data
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Spare
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Leptophobic B-boson

Dark Force mediator coupled to baryon number (B-boson) ,
with the same quantum numbers of the ®»(782) = 16=0~

Can have an impact in (g-2) muon anomaly

L

+ —
ee —’BYISR—”TOY YISR

2
_ %ngyquM ap = i—i < 1075 x (mp/100MeV)
Dominant decay channel (mg < 600 MeV):

B—)Ttoy IE proms
Can be searched for in: g il
¢—nB = nn'y = 5 prompt y final state é '
$¢—ny, with n—>By = n—nlyy <

2
aa)

P.Gauzzi

1

I\
4@1

001

103

<

[S.Tulin, PRD89(2014)114008]

001k

1031
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Leptophobic B-boson

BbMassfinal

L =1.7 fb! analyzed, 5 prompt photon events <« Data Pheer I StDev 0758
. st Fitted Bekg 84 0 Tl
* Main background from ¢p—ay(980)y—nn'y ol . “.:,4{ -2:.;‘“‘
3 250/ .'.
and ¢p—ny— 3’y with lost/merged photons N: W s
 Background evaluation from sidebands o, J,M.r'-"“ k“s
. . . . 100% ‘r‘ p :'.o‘
(fit region 5 ¢ with 1o exclusion region, ¢ ~2 MeV) sof.," . “-\“«‘\\ \

ﬁa\'&\,\i\é’ 03 o3 04 045
\ ox- M,,, [GeV

—— Upper Limit at 90% CLs ‘\ 4 n()y[ ¢ ]
1076

V9

120
—— Upper Limit at 90% CLs
™ U.L. from CLg method
3
oSN 80
—) 1077 5
=)
®) o0 &
5 =
Z 4.
1078 1
20
0 . . T T . .
0.15 0.20 0.25 0.30 0.35 0.40 0.45
1079 & T T T T T T
M 0 [GeV] 0.15 0.20 0.25 0.30 0.35 0.40 0.45
oy

« Upper limit at 90% C.L. on the coupling az = 0(1077) M; [GeV]
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CPT and T tests in neutral
kaon transitions

RSP (AL > Ts) _
Ryy = L2 S) 1 agte + (490, +40y) €s, =€X0 > CP, T, and CPT
D viol. parameters
REP (AL > T5)
Rar=—"—"7F =1+ 4%e + (4% — 4Ry) ,
y = CPT viol. assuming AS = AQ
Racp= ch(At > 15) =1 —4%es + (4Ry — 490x_) ,
Racp =Ry (AL > T5) =1+ 4%te — (4%y +4%ix_) . x; = CPT invariance with AS #AQ
Ry cpr(A > Ts) L .
Ra,cer = D =1— 495 + (4%, —4%x_) . x_ = CPT violation with AS # AQ
(At > 15)
R4.cpr = Rasc . 2 =1 4AR5 + (490, +49x_) |
Rat  Racp
DR =" =—"—"—=1-—8%€ + (8Ny),
YT Rat T Race +(E).
R
DRepr = - 258 =1 — 895 — (8%x_) .
R4 cpr
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n—nlyy

* Rejection of n—3xn" with merged photons with Multivariate Analysis based
on cluster shape variables on the EMC

TMVA overtraining check for classifier: BDT Cut efficiencies and optimal cut value

3 10 - Signal (test sample) ' | | = Signal (tfaining sample) ' = ] Signal efficiency —_—— g:gmll p:lﬁmly ”
E= S | == iciency*pu
= Background (test sample) | | * Background (training sample) | Background efficiency S/{S+B y'purthy
2 ~Kolmogorov-Smirnov test: signal (background) probability = 0 4‘0.026) 1 S B ' : ; A | —30
£ 8- 7 5 7 IV
~ B i E-’ et ‘{ ] 25
L _ > -
2 g 0.8 A
i 13 o 20
g ©
Z 1 £ 06 - =
4+ _ é L T —: 15
— — O -
i . 1 04 —10
2| Y, —{= T - T R N
| y _"_';-u T i (2 0.2 —-For-1000 signal-and: 1000 backgroungd i o R '—_5
L i/, PRy, 18 " events the maximum S/{S:Bis ]
- J //ﬁ" = 13 | 28.25 when cutting at -0.04 .
/ 4 A A d = 0 - =)
0 05 04 03 02 01 0 0.1 0.2 05 04 03 02 01 0 01 02
BDT response Cut value applied on BDT output
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n—nlyy

Analysis scheme:

1. 5 prompt y’s, with E., > 800 MeV, with E, > 20 MeV and 9, > 25°
2. No charged tracks in the drift chamber

‘ Entries 2591636
3. Kinematic fit with energy-momentum °E = oata
conservation and prompt photon conditions ‘ R
(9 constraintS) P(XZ) >10% = L MC Sum non-3x° (2, )
i —— MC n—a°yy signal x200

T W L TS T I Yo O i N W A v A s W O A O
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Kinematic fit probability

4. Kinematic fit with 11 constraints (9 + mass of n and ©%) to reject p—ay(980)y—na'y
events P(y?) <10%

5. Kinematic fit with 11 constraints (9 + 2 n° masses) to reject '’y events (¢p—£,(980)y
and ete —on’ with o—nay) P(y?) <10%
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n—nlyy

6. Photompairng (ac?) = BRSO

7. Kinematic fit to reject n—3a’ background with lost y’s, 9 constraints = momenta of
the 2 missing y’s from fit, if there is no solution = event retained (good event)
8. MVA analysis to reject n—3n° with merged y’s
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Crystal Ball / A2

x10
14+
(b)
12f
10° TP = ™y | Entries 30889 10k
101¢l=10%, r_,=2, m , =1, IzI<5.0cm 300 sl
200 6F
| @ ol
100 ol
0 1 1 1 o 1 IJ “\ 1
0 L L | 1 Il o Il 1 1 1
0.35 04 0.45 0.5 0.55 0.35 0.4 0.45 0.5 0.55 0.4 0 0.5 0'62 0.4 o 0.5 0'62
m(r%yy) [GeV], MC(n — °yy) m(r%yy) [GeV], MC(x’x?) m(n®yy) [GeV/c?] m(n’yy) [GeV/c?]
800 Ev=507.0+54.3 800k {' (c) 500Nn=639.3+69.3 (d)
600 Br=(2.38+0.25)x10%} I'=(0.321+0.035) eV
600 400
4001 (c) 400 600
300 ]l *
200" - 200 400r *
. 200
0 L ‘.....-—-—“'." 1% 0 * + * *
035 04 045 05 055 035 04 045 05 055 200k B }
m(n°yy) [GeV], LH, m(x®yy) [GeV], LH,-BG(n — 37’ — 1) Mw’r b, 100}
¥ K4
0 w: ] +|* Hh 0 ] ] ] \
[PRC 78 (2008) 015206] 04 05 06 04 05 06
m(n%y) [GeV/c?] m(n%y) [GeV/c?]
[PRC 90 (2014) 025206]
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New n—a'yy prediction

* Escribano et al., PRD102(2020)034026
* Prediction based on VMD + LM

*  Within the same framework they are able to predict the
M2, spectrum of '—n%y from BESIII [PRD96(2017)012005]

T — - — — - v - - v
= M-B couplings ® A2(2014) 1 = M-B couplings « BESII2019)

] Emp. couplings A2 (2009) 1 Emp. conplings

K1 i A2 (2007) 3t

~ 4 * CB(2008) ]

e

Y B

dr (7 == yy)dm?, [eV/GeV?)

dIi q—‘::"j.»}' ) dm; y

0.00 005 0.10 0.15 0o 01 02 03 04 05 06
m;) [(_}c\':] m;‘_, |l_1c\":]
\ 0 / 0
(a) n — 7 v+ decay. (b) " = w" "~y decay.
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TFFEs from Dalitz decays

2? 25 [ [ @ ndf 99.39/90 IS
= r | Prob 0.2338
* ¢ —omete, M —>7t07t07c0 - | Norm  1.009+0.007 i
2 F A 0.8964+ 0.0353 AT /
b9 ¢ Gl
1.5 ‘ Jillg
_ | Ingtai ANy m.+ Wik ~~
- —2 O
A. — (1.28 :l: O.].O :|: 0.0Q)GGV 0.5 — —IlzittfotheData
L o Terschluesen/Leupold model |
[KLOE - PLB742(2015)1] o b
0 005 0.1 0.15 02 025 0.3 035 0.4 045 0.5
M, [GeV]
:E N Data
¢« ¢ — nlete [ YMD
10

S.Ivashyn [PAST2012N1(2012)] *

A %2 =(2.02+0.11) GeV*
[KLOE - PLB757(2016)362] 1

I IIIIIII|

%

=0 02 03 04 05 06
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KLOE-2 Physics

Kaon Physics:
* CPT and QM tests with kaon interferometry
e Direct T and CPT tests using entanglement
e CP violation and CPT test:

K—3n

direct measurement of Im(&'/¢)
e CKM V,,:

Kg semileptonic decays and Ag

(CP and CPT test)

K,;; form factors, K,; radiative corrections
*%pT : Ks—vy
e Search for rare Kg decays

Light meson Physics:
* 1 decays, ® decays
* Transition Form Factors
e C,P,CP violation: improve limits on
n — yyy, m'n, nal, a0y
e N—onnete
e ChPT :n — alyy
e Light scalar mesons: £,(500) in ¢—KsKgy
o vy Physics: yy — a® and =’ TFF
* e'e” >nyysr (1 TFF)

Hadronic cross section:
e ISR studies: 2w, 37w, 47 final states
e F, with increased statistics

-  KLOE-2 Coll., EPJC68(2010)619
-  EPJ WoC 166 (2018)

P.Gauzzi MENU 2023 - October 1

Dark force searches:
e Improve limits on
— Uy associate production
e'e” — Uy — nmy, ppy
— Higgsstrahlung:
e'e — Uh'—p*p~ + miss. energy
* Leptophobic B boson search:
¢—nB, B—oay, n—oyy
n—By, Bonly
e Search for axion-like particles




KLOE EMC resolutions

YN ¢ ~500
m 2 ' g
g 045 KLOE &
o] 0.41 — o ) 400¢ 0 O>TY, T Y
L\ op/E=5.1%NE(GeV)®0.6% A ity
0.3 [ T OoNYLN—>V
| 300} ¢ ¢?n%%;§d
Q25F s g'e se'ey
Q2+
Q.15 B 200¢
0.1f
0.05 _' 100f
0 " 1 i 1 i 1 i 1 i 1 i 1 i 1 i 1 i 1 i —
a 50 100 15Q 200 250 300 3530 490 430 370 or=>34 ps/\/(E/GcV) +147ps
0 1 1 L 1 L 1 L 1 L
0 50 100 150 200 250 300 350 400 450 500
E (MeV)
Ey [MeV]
g455_' la!_|||||||I|III|IIII|IIII|II_
8 40;["-, PO 5.58e+00 +5.07e-03 PO 5.817+0.104 KLOE -2 £0.51 PO 00578-00004 ]
w s - [ - _
= 5 C pi 0.1354 = 0.0006 |
354* Pl —4.00e-15 +2.40e—02 Pl 0.532+0.075 - P 000007 3
- * 0.4+ pl  0.1451:00025 —
30 V¢ - -
- > 15 years after [} BRAIAE
250 —— radiatives 0.3 by —+— Radiative Bhabha 7
E iy T % —eeovr
205— J“’ —— bhabha C éﬁ,l" N
15 ’ h",i 02_— ' “"*"""“-"«';;:, __________ ]
E . e R . L ."""-"-;'.'-','o‘i.'n‘;‘,';,‘.‘.‘;.-‘--_-;‘.o' _
o= Aoy P RLTER Ao A, o - ]
5: - L1 T L1 - P 0'1—— B
0 0.1 0.2 0.3 0.4 0.5 C i
] E, [GeV] . i N _
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yy—n

Events /( 13.3333)

Example of fit on one HET
readout channel

® Daa (2017-18 data)
_ Fit Sum . i :
S 2000 === wm Background Fit2000-
S Signal Fit :
#o000] 2000
[ 3
4 w
3000~ 8000
6000 6000
4000 4000
2000}~ 2000f
P P R FEN IS 2C s wwws ST FUET FTRRE R ol b bbb Lo s b 1
2 -15 -1 05 0 05 1 15 2 2 -15 1 05 0 05 1 15 2
Dtr

AT,

A(T-R/c) [ns]
— ARW/c > (0.3 ns

A

8000 E— —o—l"_"": 2 30000 F=
. RS 2 =
= ™ ks
00 p— =eeSEET A + T 25000 [—
6000 ;— g E
E =t D 20000 —
5000 — -
4000 = oE 15000 [—
3000 =— 1 - -
= > = 10000 [—
2000 — wf- C
1000 = o N A 5000 —
. = ] e et i w g .
o 6% 120 Tio 160 T ~= . [ 3
0 700
_ M, [MeV]
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e'e” DM Yigr

Syst. errors (%) A™a, abs [4] A™a, ratio
20 al-araind Hilto - N naaliaibla aaolicihle
Background subtraction 0.3 0.6

Unfolding

negligible negligible
LAALvvpranvy (!;7[1[) :Ioz 1105;;6;1116
Acceptance (6;) negligible negligible
Software Trigger (L3) 0.1 0.1
Luminosity 0.3 (0.1 @ 0.3¢2p) -

Vacuum Polarization

FSR treatment

Rad. function H
: eory systemartics

Total systematic error 0.9 0.7

[from P.Beltrame]
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EPJ Web of Conferences 234, 01006 (2020)

e cee—ataalis the second

1000 | - SND2002 |

largest contribution to the b onie

. . - BaBar 2004 |
calculation of the Hadronic « CMD-2 1995 1
Vacuum Polarization for (g-2), 2 : Sﬁ?iﬁ Sn

° ° 3 98()
and to its uncertainty 7 0 . ND 1991

« Initial State Radiation (ISR) )
measurement at KLOE is
1 E

complementary to energy scan
L3 < y g S y : :
in the range \s < M, 0.6 08 ! 12 14 16 18
(SND and CMD-2) €<——>  V5(GeV]

Goals:
* Measure the cross section in the ®(782) region

« Evaluate the product Br(o—e*e”) X Br(o—na*n n)
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ete - Ay

3

x10
« L=1.7fb!at ¢ peak 8E NI —BW it
= ::’;_ r,=8.73:0.11 MeV/c? J2Indi=1.23
E~ BeeB,,x10°=6.38+0.06 = -1
Selection: %J 12 M,=782.73+0.04 MeV/c? L1720
* Atleast 2 tracks with opposite curvature o 105
2 b
[0) =
> 6
* 3 neutral clusters B af-
2 e ~at\
. . OE_I_._I_._._I_JzL-:L_L‘lA‘\.\“c.‘|.|..|..|..|..|..
* Kinematic fit ) gjgﬁ\:@- \IL
LB LoV
* Fit with Breit-Wigner convoluted with \\\ J()\ T S S S S SO SO S S
smearing mi.ltl‘lX . M, [MeV]
* ISR correction factor taken into
account resE
oo Mo=782.74:0.04 MeV/c? (this work) %:*{:%PDG
- M,=782.66:0.13 MeV/c? (PDG)
KLOE results* compared with PDG o .
M, [MeV/c*] T, [MeV] B, xB3, [107°] 2 7
S 781
KLOE 782.73+0.04 8.73+0.11 6.38+0.06 = b md
PDG  782.66+0.13 8.68+0.13 6.60+0.16 -
778:— 7727

* Only stat,uncertainty MENU 2023 - October

KLOE
BABR
BABR
BESIII
CMD2
CMD2
RVUE
CBAR
CBAR
CBAR
ASTE
KEYNE



KLOE-2: yy taggers

YY taggers installed for the measurement of scattered lepton
momenta in ete —ete Yy —ete X

LET : E=160-230 MeV

« Inside KLOE detector
= + LYSO+SiPM
o $p<10% for E>150 MeV

HET : E > 400 MeV

e 11 m from IP
* Scintillator hodoscopes
e Of~25MeV

= —— e o1~200ps
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The future of KLOE:
neutrino physics in DUNE

1300 km
<€ >
South Dakota Sanford Chicago
Underground Fermilab
Research . e

Facility

DUNE primary goals:
CP phase/CP violation; Mass ordering, mixing parameters The DUNE Near Detector Will Be Located

Nucleon Decay; Neutron/Anti-Neutron Oscillation ALThe Westarn Boundary of Farmllah
Supernova Burst Neutrinos

dNJear
aErec _ fpvu"ve(EV) * ¢lr'l:ar(Ev) * Ffar/near (Ev) ¥ O—\fer (Ev) ¥ D{:r(Evr Erec) dEV

dN\?:ar a f‘l)l?ﬁar(Ev) * G—jur (Ey) = D\zl:ar(Ev: Erec) dE, ~ §
dEyec - ! \ = |

In order to get the physical quantities, we have to = i 1 .,.m.
control flux, energy distribution/geometry of the D T
beam, efficiencies, acceptances, etc..

‘ KLOE EMC ) SAND: System for on-Axis
Need one (or more) sophisticated Near Detector 0 (.iope 15, + Magnet Neutrino Detec4tjon

control beam and systematics



KLOE-to-SAND

KLOE dismounting in progress at LNF The DUNE Near Detector Will Be Located
Drift chamber extracted

At The Western Boundary of Fermilab

=

ODH VENTILATION ~ B
il

21 CAVERN POWER
| DISTRIBUTION

DUNE-ND I&] Team =N

KLOE EMC SAND: System for on-Axis
+ Magnet Neutrino Detection

Preparing for the extraction of the barrel
modules

Then dismounting the Endcaps, extraction
of the s.c. coil, and dismounting of the iron
yoke
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