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KLOE-2 Achievements 2023 Ko

Root Output for Data Preservation - KLLOE-2 Data almost completed. Next KLOE-2 MC and then
KLOE Data and MC

New group from Liverpool joined KLOE-2 (G.Venanzoni + & Staff + 2 Postdoc + 2 PhD) Hadronic
cross-section with ISR - Renewed interest after first results from g-2 @ FNAL & CMD-3 hadronic
cross-section with energy scan

Main 2023 physics results:

Direct tests of T, CP, CPT symmetries Final result on BR(n— n0yy)
in transitions of neutral K mesons vPT golden mode
with the KLOE experiment

New measurement of
BR(Kg— mev) & f+(0) Vus
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ROOT output for Data Preservation

Fattore di compressione:

Produzione di ROOT files quasi completata Datarec/ROOT size
per i dati KLOE-2

Mancano soltanto ~ 400 pb! della stream dei
K neutri

Fattore di compressione, rapporto
Datarec/ROOT ~ 8 (dipende dalle

condizioni di run)

rrrrrrrrrrrr

Piano per la produzione di ROOT output:

Finire la produzione dei dati KLLOE-2, comprese le stream UFO (min bias) e
BHA (Bhabha)

Produzione del MC KLOE-2 (test su ~ 300 pb-! effetuati)

Produzione dei vecchi dati e MC (KLOE)

L’idea e’ di tenere tutti i files ROOT su disco per una migliore e piu’ efficiente
accessibilita’
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KLOE-2 Collaboration and Chart Ko

© KLOE-R is a small collaboration among
Italian - Polish - Swedish and Russian Responsabile Nazionale P. Gauzzi (LNF-INFN)
research institutes & universities
+ 2 . . . >
New Liverpool group Analysis Board P. Gauzzi (Sapienza Unlv..INFN)
A. Kupsc (Uppsala Univ.)
: E. De Lucia (LNF-INFN)
The KLOE-2 Collaboration oV EE e E. Czerwinski (Jagiellonian Univ.)

D. Babusci®, M. Berlowski®, C. Bloise®, F. Bossi®,

P. Branchini®, B. Cao®, F. Ceradini™*, P. Ciambrone®, Hadron Physics WG G. Mandaglio (Univ. di Messina)
F. Curciarello™, E. Czerwiniski?, G. D’Agostini**,

R. D’Amico®?, E. Dane®, V. De Leo®?, E. De Lucia®,

A. De Santis®, P. De Simone®, A. Di Domemco“ E. Perez del Rio (Jagiellonian
E. Diociaiuti®, D. Domenici®, A. D Uffizi®, G. Fantini**, Offline WG UIliV.)
A. Gajos®, S. Gamrat °, P. Gauzzi**, S. Giovannella,c, P. Gauzzi (Sapienza UIliV)
E. Graziani®, X. Kang4, A. Kupsc®P, G. Mandaglio ®*, : .

M. Martini®, S. Miscetti®, P. Moskal®, A. Passeri®,
E. Perez del Rio®, M. Schioppa®, A. Selce™®, M. Silarski®, Policy Board S. Giovannella (LNF-INFIN)
F. Sirghi®d, E. P. Solodov '8, W. Wislicki?, M. Wolke°
Institution Board S. Miscetti (LNF-INFN)
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New group from Liverpool joined KLOE-2 L

* C’¢’ un rinnovato interesse per la misura della sezione d’urto adronica a
energia <1 GeV, dopo i primi risultati di g-2 @ FNAL, e dopo la misura
recente di CMD-3 della sezione d’urto adronica, fatta con lo scan in energia

($.Chafity, ECT* Trénto — 14/6/2023) 3 BetorsCHD2
E ., | CMD2
BNL 3 i ;
S S S SND
-l e KLOE comb
FNAL (Run-1) E— BABAR
I = BES
: '}.( 0 ! attice i y.lv-mn E
Stondarfi Model “Standart Modsl —aveloge E- —_-— CLEO
Based on hadronic - 370 > = e SHiD2k
cross-section 150 7| = : ~—=— CMD3
measurements 5 ~ T IR T TR VR R R T B ol vy ol ol g o ol e i iy fos g il g 3
IO IR e T T 360 365 370 375 380 385 390

a’™ (0.6 <\s<0.88 GeV ), 107"

* Nuovo gruppo di Liverpool e’ entrato in KLOE-2 (G.Venanzoni + 2 Staff +
2 Postdocs + 2 Phd stud.)

* Scopo: misurare la sezione d’urto adronica (e*e” »>a*n 7y ) al livello di qualche
permille con tutta la statistica di KLOE
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KLOE-2 Recent Papers & Ongoing Analysis ),

Measurement of the KSe3 Branching Fraction with the KLOE

JHEPO2 (2023)098

experiment

Direct test of T, CP, CPT Symmetries in Transitions of Neutral _

K mesons with the KLOE detector Accepted for publication on PLB

XPT Golden mode - O(p®) dominates: BR(n — =0 yy) with 1.7 Draft ready

fb'l KLOE data Paper submission milestone 2024

© B-boson search: Upper limit on B — 70 y using ¢ — n =0 y final state with KLOE data

© y*y* = 10 gearch with 3 fb'! KLOE-R data milestone 2023

© Kg — 3n° Upper limit on CP violating decay

© e*e” > nOygg : Br(co—et+e-) X Br(w—m+1-10) and cross-section @ co(782) for (g-2) Hadronic
Vacuum Polarization

© First measurement ever of ¢ — n u* u- Dalitz decay @EPS2023 Final BR & TFF milestone 2024

© «From future to past» effect in =K K; = n*ntn- Evidence@EPS2023 Preliminary milestone 2024

© Charged Kaon mass - finalizing systematics
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KSe3 decay and V,, extraction K.

PDG 2018 i EPJC80(2020)149
* Measurement of the K—mnev branching fraction | | 7777 ’
with the KLOE experiment, _____:—*_ma s
= JHEP02(2023)098 _8i, I
* Fit della distribuzione di m?, = 49647 + 316 eventi i .
Br(Ks — mev) = (7.211 4 0.046 & 0.052) x 10—* e .S
Vus
° Combinato con la misura precedente Possibile deviazione dall’unitarieta’
della prima riga della matrice CKM
[~ 400 pb*!, Br(Ks—wev) = (7.046 + 0.078,,, +0.049  )x10 [EPJC80(2020)113, EPJC80(2020)149]
PLB636 (2006) 173]
Br(Ks — mev) = (7.153 £ 0.037 £ 0.043) x 10—‘§ Ky mev

* 'V, siottiene da:

10°}

Br(Kg — mev) = G%[f_l'_gg;g/w”zTsm?(If{SEW(l + 551{,[) wzf
7 (0) [Vaa] = 0.2170 £ 0.0009)

P.Gauzzi

: o
(incertezza = 0.4%) <\; _ witano
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Direct test of T, CP, CPT with Neutral K mesons K\_?l

* Primo test diretto con i K neutri, model independent

: Y ‘Y . .
i i R 1 [J.Bernabeu, A.Di Domenico,
¢_’KSKL_’”;e1 v,3n° ! Q—»KSKL—HI:*n‘,n; e* v P.Villanueva-Perez:
Ki . #5irersd Y K fo NPB868(2013)102, JHEP1510(2015)139]
o _-- %
KS’ »~ ¥ Cy & fz

Y ) ‘
At=t, -t
fi

(JK°> |[K° > —|KY> |K?>) =

§ = (G 2K el > K )

1
V2

e |K_>,|K,> sono identificati dal decadimento dell’altro K in un autostato con

1
V2

CP = +1, —1 rispettivamente

e Osservabili (At >> 1y), sensibilia T, CPT e CP Doppi rapporti:
T - +r= e—
_ PKO(0) > K_(AY)] _ I(ntew,3a%A8 1 By (A I(3n%e”) I(n*7~,e7)
R (an) = PIK_(0) = KO(At)] ~ I(xtn—,m—e*w;At) « D RT( )= I(370,et) I(mtm—,et)
1 7ed -+, 2.0
RT(AL) = PK(0) = K_(At)] _ I(m~etr, 37 At) 5 1 RgPT 1(37r e )I(’ll’+7l'_,€+)
1(A1) PK_(0) HK(’(AI)] [(mtn—,nte"7;At) " D g/’PT (At) = 1(37r0 6+) I(nva,e)
; o _ I(r*e7,37°% At) k ’
; PK”(O)HI&_(AL) I(rte 7,310 At) 1 RSB, (At) = ——— T 2
RET(a) = P{K (0) = K( f} N I(WZW*,I;D‘:*V; Ay * D sani] I(m~e*v,3x°% At)
0 2
CPT [I\ (0) = K_(At)]  I(r~etv,3n% At) 1 » I(xtn 7 et At _ | < 3m |T|K_ > |
BT = S Ra0] T Al (D R = HEE T D= T mg, > P
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Direct test of T, CP, CPT with Neutral K mesons K\_?l

T-sensitive CP-sensitive CPT-sensitive
Lo X*/NDF = 39.0/18 0 X?/NDF =25.9/18 1% X?/NDF = 38.2/18
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Erika De Lucia - CSN1-LNF meeting September 20 2023 9



n — O yy

n—n'yy (¢—ny): = sensibile a O(p®) della ChPT
O(p?) nullo, O(p*) soppresso

Br = (2.21  0.24 £ 0.47)x10“4 CB@AGS( 2008)
[PRC 78 (2008) 015206]

Br = (2.52 + 0.25)x10-* CB@MAMI (2014) A2
[PRC 90 (2014) 025206]

Vecchia misura di KLOE: (0.84 + 0.27+ 0.14)x10+4
(L =450 pb'! ~ 70 signal events) | |

avants/ (6 Mev/c?)

[Acta Phys.Slov.56(2006)403] .. ||| g5
n: "I.—-Tui |

IR

v nonnn® ‘Tf: ]

=m(4n) Mev/c®

La massa invariante dei due y non provenienti -

dal ©t’ possono essere usati per test sui modelli teorici

CSNI1 - Milano

dr(n — n%yy)/dm? leV/GeV]

onywithnonyy */ ~ 1
" AN
; ‘

5 B ), e——

r [PRC [78 (2008) 0}52061

O Phase Space

v VMD, r=0.30 eV
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% % quark box, =0.70 eV
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¢ = nywithn = nOyy

L=1.7 fb1
stato finale: S prompt y 2 0] ® DATA - o
Fondo: ¢—ny, n—3xn’ 3 | MOmortyysign e um
. . . 800 — MC Tl—*37‘° 0.08355 - 0.00305
con merging o fotoni persi =~ ™| MG s 4, 0 —
sl ——_MC Al o
Fit a tre componenti, con le -
distribuzioni da MC m
-
= ~ 1200 eventi di segnale -

(~ stessa statistica di Crystal Ball)

Data-MCsum/c
o

* Brin accordo con la nostra M,, [GeV]
vecchia misura

Br(n—nyy) = (0.99+ 0.11,,+ 0.24_ )x10~

* Differenzadi~4 ¢

con le misure precedenti
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KLOE-2 2024 Activities Ko

Data reconstruction and preservation
Root output production
Data Preservation completing the disaster recovery copy

Paper submissions:
XPT Golden mode: n — n0 yy (first paper draft ready and with internal referees)
Dark forces: Leptophobic B-boson search with ¢ — n =0 y final state

Complete ongoing analysis

Continue with the newly started analysis: Hadronic cross-section with ISR & “From future
to Past” effect
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Richieste 2024 Ko

Missioni Consumo Manutenzioni Apparato  Totale
[k€] [k€] [k€] [ke€] [ke€]
Richieste 2024 17® 23 @ 26 ¥ +3(SJ) 5@ 66 +
8(SJ)
Assegnazioni 2023 14 850 26 5(S)) 48.5
+ 5(SJ)

(1) Metabolismo (10 k€) piu’ indiviso per conferenze, workshop, etc. (7 k€)

(2) 8 k€ metabolismo + 15 k€ per espansione spazio disco (250 TB solo dischi,
Pinfrastruttura gia’ ¢’e’ con varie slot libere) per nuova analisi della sezione d’urto
adronica e produzione di ROOT files

(3) Manutenzione della Tape Library e del CISCO switch

(4) Eventuali sostituzioni di parti non piu’ in manutenzione

(5) Metabolismo (8.5 k€); 10 k€ per espansione spazio disco anticipati a fine 2022

P.Gauzzi CSN1 - Milano 25
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Comments from the Referees

KLOE-2 KE

Referee Report
e
Proposta Assegnazioni per il 2024

CSN1, Napoli, 11 settembre 2023

G. Cibinetto (FE) - B. - S. Giagu (RM1) - A. Perrotta_(BO)
referee calcolo: B. Giacobbe (BO)

* Collaborazione ancora molto attiva nonostante un fisiologico calo di FTE

* Lo dimostrano le tante analisi in corso e le recenti pubblicazioni
*  Br(Ks->mev) JHEP02(2023)098

* Testdiretto di T e CPT in decadimenti ¢—>K K, - 3n° mev, nt mev Accettato da PLB arXiv:2211.12377

* Importante attivita di calcolo a LNF = processing e mantenimento infrastruttura (data storage e analisi) —

per dettagli vedere presentazione di calcolo non-LHC di Benedetto

* Un nuovo gruppo & entrato in KLOE-2 (Liverpool) = misura della sezione d’urto adronica (e*e~ >m*nys) al
livello di qualche permille con tutta la statistica di KLOE
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Comments from the Referees K
Richieste calcolo 2024

* CONSUMO: 250 TB disk per reprocessing, ntuples and analysis of sigma_hadronic (n.b. costo
stimato 15 kEUR invece dei 30 kEUR assumendo 120 EUR/TB) OK
* ANTICIPABILI al 2023

* MANUTENZIONI: Manutenzione nuova tape library: 26 kEUR+3 k SJ

* 26 kEUR ottenuti anche lo scorso anno

* + 3 kEUR SJ (contingency) OK 26 kEUR, non il SJ

* APPARATI: Manutenzione vecchia tape library : 5 kKEUR SJ OK
* stesso ottenuto in 2023

* Altri items possible manutenzione (il vecchio disk array, gli switch fibre channel, i vari server di tipo P6, P7
e P8 del cluster di KLOE, gli switch CISCO secondari che sono 5 x 24 porte, la libreria del disaster recovery,
le telecamere per il controllo della sala e della temperatura, i PC di servizio, i server AFS che ancora

manteniamo nel caso scoprissimo che manca qualcosa dalla migrazione da AFS a GPFS) i
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Comments from the Referees K\_?l

Totale proposte di assegnazione
Confronto con anno precedente

Totale Generale KLOE:  Richieste Richieste SJ Proposta referees Proposta SJ

60.5 + 8.0 57.5 + 5.0
Sollevata in commissione —m-m
dal resp. naz. Paolo Gauzzi Richiesta 13.0 21,5 26.0+3sj 0+50s5j 60.5 + 8.0'sj
Ia questione missioni per Prop. ass. 11.0 215 0 26.0 0+5.05sj 57.5+5.05j

conferenze, non sufficienti

IR [T e T T
nel 2023.

Prop.2024  11.0 215 26.0 62.5
Prop.2023  15.0 19.5 26.0 63.5
Il presidente ha detto che | —_

.. .o Assegnati: 14.0 Assegnati: 8.5
guando finiscono | soldi ci per anticipo
pensano i coordinatori CoN1 - 11/05/2023 ISR acquistodiseo
locali di CSN1 * Conferenze: quelle degli anni precedenti riscalate al numero di FTE (rescaling non

[_8 )
esatto, per consentire partecipazione a conferenze nonostante il numero di FTE in

contlnua dimin u2|one)
Erika De Lucia - CSN1-LNF meeting September 20 2023
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KLOE-2 Computing

* Migliorate le prestazioni del nuovo ARRAY PREVIOUS CONFIGURATION
.
dISk al'l‘ay — Write time latency Neosrehicle Pocl
— Read time latency
— average time
UPGRADED STORWIZE 5030 Al - HYERARCHICAL STORAGE ARRAY UNDER IA CONTROL 500
The Nearline disk @
oy ol e DusfomsSDdke  Lni e £ .
onlywhenafileis  gigks which are not ‘which are not e 5 300
present only here accessed accessed -4
or when a closed Storage area g
file has to be for many minutes for many seconds ok =200
stored. The seek =
time is very low P e P o 100
-_— aD G5 SR SSE u
iii AAAAAAAA i - UE ... 1 2 3 & 5 6 7 8 9 101 1213 1 151 17 1819 202 2 28 %25 2%202825 0
= . minutes since data reconstruction starts 7
REFEREE MEETING 600 RECONSTRUCTION SIMULTANEOUS JOBS
ARRAYS ACTUAL CONFIGURATION [ zuzoa> |
NEW ARRAY MIXED DISK CONFIGURATION SRR
— Write time latency
B Moderate Load — Read time latency
B Heavy Load 2
h.earline ool
28 el | g
il o 12
3 £
£ 29
o [}
g2 o &4
£
[=
0 12 3 &4 5 6 7 8 9 1011 1213 1516 171819 220 228 %2% 222823 8
ONLY NEARLINE NEARLINE AND SSA NEARLINE. SSA AND SSD : . :
6 minutes since data reconstruction starts
P.Gauzzi CSNI1 - Milano 10
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Comments from the Referees

KLOE:data migration

Status of Data Migration

Transfer time Data Migration
2%

i i Wait t Data Preservation
Libraries  Waittme = 100%100% 100%

usage /] % 085228
e Migration over but: | W

* Crosscheck before switching off the y S
old library, showed us a lot of RAW - 3
. . . . 3%/
files duplication and some files not UsersTime B et e et
copied A

* Old library stopped working (request of SJ in 2023 to repair — was accepted)

» Requests for CSN1 for old/new library maintenance - see next slide
* Additional request for disk space in Server LNF (CSN1) — see next slide

15
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Comments from the Referees
KLOE: status

HARDWARE FAILURES 2021-2022-2023

New AC filter New UPS

* Migration from old library to new

library due to hardware failures

y Mach  Apil  May  June  Juy  Auguat

October Novemoer Decemoer January ~ Feoruar, st Ceptember October Novemoer December January February Maroh  Apd  June

L—mEw OT<ZZ W

88D Pool
i i i SAS Pool

NEW ARRAY PREVIOUS CONFIGURATION T NEW ARRAY ACTUAL CONFIGURATION

= Write time latency NEsHiHeRs6] — Write time latency
=— Read time latency a = Read time latency

— average time — average time
" #
2 400 . .
: . Mixed disk
p 300 ] 12 : .
£m £y configuration
[] 7} .
8 100 g 4 educes latencies
0
' 12 3 45 6 7 8 9 01 2 1B I51617 1819 2020 2282%252%20282830 12 3 405 67 8 9 0T 2 WIS 8NN R D%DS%TBEN
minutes since data reconstruction starts 7 minutes since data reconstruction starts ¢ 14
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*

*

Proposta di milestones 2024

1) Sottomissione del lavoro su Br(eta->pi0 gamma gamma)

2) Risultato finale sul Br(phi->eta mu+mu-) e misura del fattore di forma di transizione
3) Risultato premilinare sull'effetto "from future to past" in phi->KSKL->pi+pi-pi+pi-

4) Produzione del ROOT output per il Monte Carlo di KLOE-2

5) Produzione del ROOT output per dati e Monte Carlo relativi alla prima presa dati

* riportate dal 2023

CSN1-11/09/2023 KLOE2 referees

Erika De Lucia - CSN1-LNF meeting September 20" 2023
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&% Gp.40 € € T Vg — KLOE E KE

1020 MeV) ‘{ =
= Phys. Lett. B 700 (2011) 102 Table of ic errors on a,7(0.1-0.85 GeV2).
Systematic errors on a O,,, undressed from VP, inclusive for FSR - Reconstruction Filter negligible
i 0_y2

Reconstruction Filler eghigible as function of (M°,,) o ?’:“g""""’ giz
Background 03% 1100F = % = KLOE 2010 ” o =
“Trackmass/Miss. Mass 02% c) ... KLOE 2008 OF & (ot omod) e =
ple-ID and TCA negligible 1200F < Phys. Lett. B 670 (stat. + syst. error) ! D amd TCA Tieible
“Tracking 0% i B (2009) 285 ES3 [ per negligi
o OI% = o } Tracking 03%
An:f:m\- — . "; 1000F "f 3 - , 30F | N\ Trigger 02%

= o . ¢ «+ stat. error only ' \ - =

= = 5 5k \ ‘Acceptance 03

Acceptance (0,) negligible 800F 'y % \. ! Y Unfolding negligible
Unfolding negligible i k / \

- - S . 20F 7 \ Software Trigger 0.1%
Software Trigger 0.1% 600F ¥ . Ji \ - e -

Vs dep. O H 02% o . 15F / Luminosity(0.1 ® 0.3 ,,) 3
Luminosity(0.1, ® 0.3,.)% 03% 00F & . S0k / experimental fractional error on a, = 1.0 %
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- 200F 3 T Radiator H 05%
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Radiator H 05% 0 s dscahckacmed acheach bt 0.0 02 03 04 05 06 07 08 09 =
Vecum polaiaton o1 03701 05 0 07 0.5 09110 o0 agomey. DOt Ractional eneron 4, =098
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= . .
. . (R Lombination [JHEP03(2018)173]
KLOE12 resul IFu|' ( & 1 T T T T T T
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. Phys. Lett. B720(2013)336 KLOE08
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3 dep. of H Y % = 3
"Total cxp systematics 0.7 [}

Vacuum Polarization - \ 400 Y 4
FSR treatment 02 o

Rad. function H M [GeV?)
l‘,-: heory ~‘\.\n1rmlu.\i :]1.2 i ez 03040506 07 0509, 200 2
otal systematic error .7 ? FIT

B T mmaE®
1 L 1 1 1 L

b1 A 0
a,~(0.35-0.95GeV?) = m 04 05 0.6 0.7 0.8 09

(385.1 = 1.1,,22.7, . ipeo) * 1010 i Je 1Vt

w;n.../uwm
[L ~ 240 pb™]

it csni -1 a,(0.35 — 0.85 GeV?)=(377.5 + 2.2)x101
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DA@NE & KLOE-2 K

oDA@NE Frascati @-factory: an e*e collider @ Vs =1019.4 MeV = M, and Wlth crab-waist
sextuples configuration S ", :

Best performance in 2018:
® Lpeak 2 28 X 1032 cm- 2S 1
« [ Ldt=14.3 pbl/day delivered

o KLOE-R integrated 5.5 fb'! @ v s=M,, (2014-18)

7500

70001 moAENE Delered
65001 cai

4 Ks, nrare decays & oy EEREEE  Acquired L: 5.5 i

hadron physics

<+ Interferometry &
Symmetries

< Dark photon search

3 ,,u

~5500{ | Total Acquired: 5488.6
85000
2 4 500 S LR
8
£ 4000
€
33500
3
£ 3000
[
S 2 500 S O =
€
= 2000
15004
1000
O e e

KLOE+KLOE-2 data set
largest sample ever
collected at ¢p-meson peak

1914 06/15 01/16 07/16 02/17 09/17 03/18
KLOE-2 Run time (Month/Year)
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KSed decay and V, extraction

V.l £.(0) from world data: Update

[Visl £+(0)
0.21 0.215

1
- K,_e3
'TM* K, u3

i
new L K3

entry J
'r"f K*e3
S K*u3

021 0.215

0.2162(5)
0.2167(6)
0.2154(13)
0.2126(47)
0.2167(7)

0.2167(11)

Approx. contrib. to % err from:

% err BR T

0.23 0.09 0.20
0.29 0.15 0.18
0.60 0.02
2.2 22 0.02
0.32 027 0.06

0.50 045 0.06

A

0.02

0.11

0.02

0.11

Int

0.05

0.07

0.05

0.07

0.05

0.07

M.Moulson and E.Passemar @ CKM 2021

® Unique possibility to select pure Kg beam

PDG 2018

i g o c
1
e

m——————mm——— A |

1
--———e--r--A+B

>>wo

Pull (0)

+B:

+1.0
+0.8
-1.2
-0.5

After 2018

1
—a— A+B|
1

>rmwo

Pull (o)

+B:

—_——C

+3.9
-0.2
-3.6
-23

0.223 0.224 0.225I 0.2;26 0.2I27
Vus

0.228

[EPJC80(2020)113, EPJC80(2020)149]

B

6¥1(0202)082rd3

® Present BR(XKSe3) value dominated by the KLOE measurement with 0.4 fb! [PLB 636 (2006) 173]

BR(Kz—nev) = (7.046 + 0.078 + 0.049) x 104

1.4% total uncertainty (1.1% stat + 0.7% syst)

Erika De Lucia - CSN1-LNF meeting September 20 2023



The Results K

Sample selected with BDT and TOF

7

N, = 49647 + 316]

® Signal count from fit to m¢? distribution i
MC-m*r

&2 = (Egs — B, - pmiss)2 - pe2 Mc-z'saa

—— MC-others

Entries/600MeV*
o

(Egs and pgs from KIL-crash) x? /ndf = 76/96

-
<L

Previous KLOE result: 0.4 fb! independent data sample

[Phys. Lett. B 636 (2006) 173]
BR(Kg—nev) = (7.046 + 0.078 + 0.049) x 10+

107

1) ﬁ Harif 1
[Jﬁﬂ '

1.4% total uncertainty (1.1% stat + 0.7% syst)
® New result with 1.63 fb!

10 [

-30000 -20000 10000 0 10000 20000 ;tMBVQJ
B(Ks — mev) = (7.211 £ 004644 £ 0.0524y5¢) x 107% = (7.211 £ 0.069) x 10~* ]
® Combination accounting for correlations: arXiv.5208.0287&
B(Ks — mev) = (7.153 £ 0.037gpar & 0.04344¢) X 107* = (7.153 £ 0.057) x 10—4]
®

Sizeable uncertainty reduction on: [ f+(0)|Vys| = 0.2170 £ 0.0009] 0.4% uncertainty

Erika De Lucia - CSN1-LNF meeting September 20 2023 26


https://doi.org/10.48550/arXiv.2208.04872

V. £(0) from world data: 2022 update

|Vas| £+(0)

0.21

0.215

-&-

|

——

0.21

0.215

K;e3
K, u3
Ke3
Kqu3
K*e3

K*u3

0.2162(5)
0.2165(6)
0.2169(8)
0.2125(47)
0.2169(6)

0.2168(10)

% err

0.23

0.26

0.39

2.2

0.30

0.47

Approx. contrib. to % err from:

BR

T

A

Int

0.09 0.20 0.02 0.05

0.15

0.38

2.2

0.27

0.45

0.18

0.02

0.02

0.06

0.06

0.02

0.02

0.02

0.11

0.11

0.07

0.05

0.08

0.05

0.08

Kaon decays and the Cabibbo Angle Anomaly — M. Moulson — CKM 2023 — Santiago de Compostela, 20 September 2023

16




vV, from kaon decays: Summary

First hint of an anomaly: Without information from g decays

2
(3) _ K032 1
ACKM - |Vus l( |Vus/Vud|K“2) +1

Need additional information to test consistency of K,; and K,

A(S)CKM =-0.01 64(63)
-2.60

—1

Kaon decays and the Cabibbo Angle Anomaly — M. Moulson — CKM 2023 — Santiago de Compostela, 20 September 2023 23




Status of first-row unitarity

Vis :
‘.h”‘, N 2023 ‘. Fit results, no constraint
LS 6% CL ellipse !
SIS Without scaling S =2.6 ]
\
0.225 !
1K
i In:
|
i V. V., from K. ‘-‘ With scale factor S = 2.6
us’ Vu u ‘
- V., from K, \ Via = 0.9737(8)
\
- V.. =0.2242(10)
0.920 | V.a from g cliecays | ‘ us
1 1 1 1 1 1 1 1 1 L 1 | 1
0.965 0.970

0.975
Vi

Kaon decays and the Cabibbo Angle Anomaly — M. Moulson — CKM 2023 — Santiago de Compostela, 20 September 2023
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Status of first-row unitarity

Experimental results from kaons With |V,4(#) and N,= 2+1+1 lattice

Fit to both gives A.xy =-2.8¢ and 3.1¢ evidence for right-handed currents

K, result shows better agreement with unitarity than K,; result when
|V.. obtained from beta decays

New measurement of X ;/K , (e.g. from NA62) could be very helpful in
distinguishing if origin of discrepancy is experimental

» Other measurements of main K BRs also very important!

Precision in kaon sector strongly motivates further progress on V/,,,
especially in theoretical calculation of radiative corrections!



First two generations: |V,4| and |V,s| plane

— | Viug| from nuclear transitions * :

Rfit: add theo. uncs. linearly
[Hardy, Towner '20]

[See M. Gorshteyn on Thu @ 11h30]

— |Vius| from K, 7,7 decays

[rad. correcs.: xPT, Cirigliano, Neufeld '11; RxT, Arroyo- 0.220

U., Hernandez-T., Lopez-C., Roig, Rosell '21 '21]

[See M. Moulson on Wed @ 09h00]

— Fair agreement among
different classes of inputs,
Ky3 and 7, pulls of 2.2

Luiz Vale Silva (University of Valencia)

[0 T N o o o o o e e

0.228 —K, and t->Kv

0.226 -l\ Direct (light green)

All (yellow)

— 0224
(]
=
>
0.222

X
&

K/m, and t->Kv/t->mv Indirect

v b b b P by

0.218 B decays

1

LI I B B LT

e excluded area has CL > 0.95 | |
0 |\||||l\l|||||||\||||||||||||||\|||||

.21
0.950 0.955 0.960 0.965 0.970 0.975 0.980 0.985 0.990

IVl

ud

|V, |: £0.006% [ind.], £0.005% [comb.]
| Vius|: £0.40% [ind.], £0.10% [comb.]
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ete -t

EPJ Web of Conferences 234, 01006 (2020)

e ete —n'nnl e’ il secondo

1000 SND 2002
. o o 3 « SND2003 3
contributo alla polarizzazione del : gl:é)a 2015,
« CMD-2 1995
vuoto (HVP) per (g-2), 100 L . CMD-2 1998 ]
. - + CMD-22004
e alla sua incertezza C) Bt
T . ND 1991
v 10t
<
» La radiazione di stato iniziale (ISR)
usata da KLOE e BaBar ¢’ r
complementare allo scan in energia JEe : e
aVs < M, (SND e CMD-2) «—>  VilGeV
Obiettivi: 5
ém ._.": T e i
* Misura della sezione d’urto nella regione T et
+ “"
dell’(782) 1" BaBar:
« Misura del prodotto Br(w—e*e”) x Br(o—ntna?) [ PRD104(2021) 112003 ]

0.7 0.8 09 g
M (G(.V/(, )

P.Gauzzi CSNI1 - Milano 36




ete -t K.
« L=171b! x10°
Selezione: 18

* Almeno 2 tracce con curvatura opposta
* 3 cluster neutri

+N  —BW fit

I,=8.73+0.11 MeV/c?

x¥/ndf=1.23
BB, x10°=6.38+0.06

L,=1.72 fb"

Int’

3 e
2 jof M,=78273:0.04 MeV/c?
0 ° . © E
* Fit cinematico s 10F
£ o
& % i aF
* Fit con una Breit-Wigner convoluta / o
con la matrice di smearing D I U5, U 55 ) 96 YIRS e ) 55 % 16
* Fattore di correzione per la ISR 2%
o 0
9]
o -5 T
@ 10760 765 770 775 780 785 790 795 800

Confronto con il PDG (solo incertezza stat. per KLOE): s [Mevl

M, [MeV/c’] T, [MeV] B, xBs, [107] -

T[T

M,=762.74:0.04 MeV/c? (this work)  $ PDG

KLOE 782.73+0.04 8.73+0.11 6.38 +0.06 N Mev/c* (PDG)
PDG  782.66+0.13 8.68+0.13  6.60+0.16 e e — f s
._E_. 782? o - i
29 781;—
7802— 7785
BaBar: B, x B3, = (6.56 £ 0.10) x 105 o ] ’
[PRD 104 (2021) 112003] me ™
P.Gauzzi CSNI1 - Milanc

KLOE
BABR
CBAR
CBAR
ASTE

BABR
BESIII
CMD2
CMD2
RVUE
CBAR
KEYNE



L@ Massa del K carico KE

WEIGHTED AVERAGE
493.677+0.013 (Error scaled by 2.4)

Values above of weighted average, error,
and scale factor are based upon the data in

* Le misure fatte con i raggi X emessi da atomi e st o St v

obtained from a least-squares constrained fit

° o . utilizing measurements of other (related)
kaonici mostrano qualche discrepanza *
XZ
. . . . . -+ 77
« 1dati di KLOE possono fornire una misuradi | _ /1 | e m g e
o o - -+ BARKOV 79 EMUL 0.1
precisione con K*—>n*n*n EANENsTO. 7 NTR 01

224
(Confidence Level = 0.0002)
1 1 ]

49355 4936 49365 4937 49375 493.8 493.85

Zsof- s 4o
° 2 6420008 [ Fie 018610008 2 Gn= 0531005
e Studi col MC per trovare la St o %“’ o | 3 { -~
miglior funzione per il fit della L | o J] = rmiem % =
distribuzione = "t 1
° . . . g 1 I I
* Blind analysis sui dati o o :
. {
aggiungendo un offset random < 1B
oo I ‘_
al valore della massa ’
S R
P.Gauzzi O T T P kaonmass (Me\) Rnosmave (o)

38




“From future to past” KE

[J.Bernabeu, A.Di Domenico, PRD105(2022)116004 ]

Con il formalismo di Lee-Yang lo stato del secondo mesone, K@ prima del decadimento
si puo’ scrivere come:

N —i —1 —1
KOt =12)) = 5 (1 T] Ks) e O (M8 ) — e o8 | Kg))
A e 1
% > As, . =ms,, — =I's L
B} G et 2 At =ty —t; >0
<7 > AT =Tg —T},
5
»  At=t, il K? non puo’ decadere nello stato f; ’K(z)(t = t1)> = Ny (|KL) —m |Ks)
In1le” 3ATAL - - q a grandi At, K® e’ sempre un K;

Con lo stesso formalismo lo stato del primo K, prima di decadere, e’:

N . . . .
KO (t=t1)) = = (f|T| Ks) (7 e 08 | Kg) — e Mrtie=st2 K p))

V2
1 _ _ —iXrt —ilet a t=0 dipende dallo stato di
)K( )(t - 0)> =M (7726 e |KS> —e e |KL>) decadimento futuro f,, e anche dal
_LAPA tempo di decadimento futuro t,
* AgrandiAt, KU e’ un puro Kg e 2 S

P.Gauzzi | 2 | 20



Events/(0.5T,)

“From future to past”

dN7/dt,

» L’effetto e’ osservabile misurando la rate di 1
decadimento del KO in funzione di t,

* Scegliendo f; = f, = a*n~ si massimizza I’effetto

(1) Grandi At, “regione di decoerenza”, lo stato e’ K con 1~
larghezza definita

10
(2) Piccoli At (p.es. t, =3 1g), “regione di interferenza”,
la larghezza non ¢’ definita 0"
t,>30 14 " I\ 2.515<t, <37 T T 15 2 2 g’

Events/(0.5 1)
8

LOF 5 B
+1:+: /)I(/I "

60/

40,

20|

05 1 15 a 25 05 1 15 a 25

t, Fit Histogram for 25 1, <t, <31,

XZ/d0f= 3.4/5 Lk g_ s t, Data Histogram for 251, <t, <31,

w/dof = 2.0/5

t, Fit Histogram for t, > 30 T,

. 1, Data Histogram for t, > 301,

107 1 1 1 1

05 1 15 2

P.Gauzzi CSN1 - Milano (normalizazione al 1° bin)

25

t/1g

21



d—nup”

KL

Finora solo un limite superiore = Br(¢p—npp) < 9.4 x 10 @90% C.L. [CMD-2, PLB501(2001)191]

Entries / 2 MeV/c?

L=1.6 fb!
2 tracce + 2 (n—7yy) 0 6 (M—3n’) fotoni prompt
Fit cinematico con 6 o 10 constraints
Taglio su M(yp*p") per scartare ¢—yn, n— yn'n-

—_ —_ N
o (o) o
o o o
o o o

5001

P.Gauzzi

2

—— Data g 1 “\\
B ‘:otal ':nc I]—VY'Y s A1) C\‘““\‘)‘ 400
-NTTNYY } ) \‘ Nl \ =
M ooy \\\ ( F
— ¢, non'T 0 ;
— ¢, I]—)T!'N_'Y '9
others E =0
L
400 500 600 700
M(yy) (MeV/c?)
& Y | IR )
Fondo: (I) —NLN>a LTy CSN1 - Milano

[\~ Data

| ~— Total MC
— -
L — 0—K'K

L — 0K K,
others

580
M(6y) (MeV/c?)

Fondo: ¢—KK; —>n"n n'n'n’
17



d—npp” K.

% : x?/ndf = 1.21426 Data © Data x%/ndf = 1.075

S 1000 LFi > 400~ Total Fit

2 [ Nsig=4689.3+91.5 Total Fit 2 —

- Signal i

~ _ A Signal

» 500 Bkg g

o 8 200~ Other bkgs

i 5.
: AN

= SF i } } ”;' l“ "7 \“‘L — 5:_ i

a ‘;WW -;\ﬁ,(ir)\ i~ R :l i b hu‘uum. AR I LT *i"i"; —
500 510 520 530 540 550 560 570 2

M(yy) (MeV/c?)

200530540 550 560 570 580
M(6y) (MeV/c?)

Br(¢ = nutp~) = (5.65+0.11) x 106 Br(¢ = nup~) = (5.76 £0.19) x 10~°

* Solo incertezze statistiche

* In corso la stima delle sistematiche

P.Gauzzi

. ~\ \\
g WIS
prime

CSN1 - Milano 18



Entries / 5 MeV

Ponptp K.

e Il fattore di forma di transizione si estrae dalla distribuzione di Muu

1 dr(¢—>nu'p’) 4M?2 2M?2 2\ aMiq?
T(p->yn  dq? = 1Fan (@)l Xﬁ? - (1 +q_u) (1 MM ) (M3 - m2)
1 dF
« Secondo la VDM: F(¢*) = > A= 702
1 ¥R P q q2_
- >
300F M —YY +*+ T = 300 Data 1 — wlnon? j_[
i if+¥hh Bkgs = B'\‘“* ary
200:_ +++ H* } * t lunal g- 7’201\)‘ k\ \‘\1\’ Q%
z LOE > |
100f- W 100 MWHVW R
» *
[ * e
82 3 02"z 04
M(u w) Gev M(pw’) GeV
A™% = (3.01 £ 0.10) GeV 2 A~ = (2.90 + 0.20) GeV 2
A2[GeV2

dmete| 1.28 +0.13 |PLB742(2015)1 ) . . .
PGauzzi |dombete] 2.02+0.11 |PLB7572016)362 | Altri fattori di forma misurati da KLOE
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