THE KLOE-2 EXPERIMENT
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KLOE-2 RUN IN PROGRESS

Data taking till 31/03/2018

BEST Achievements in KLOE-2

Total delivery: 4351 pbL

50007
Total acquired: 3505 pb1

: : 32nm-2c-1 BMDAFNE Delivered
Max instantaneous: 3.41x10°<cm™<s 4500! mKLOE-2 Acquired
Max hourly: 651.0 nb1

Max daily delivery: 13.4 pbL
Max daily acquired: 11.0 pb'! 40007 | Total delivery: 4409.5

Total Acquired: 3552.6

Max weekly delivered: 76.3 pb1

Max weekly acquired: 62.9 pb Run II
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KLOE-2 RUN IN PROGRESS

BEST Achievements in KLOE-2 Data taking till 31/03/2018

Total delivery: 4351 pb1
Total acquired: 3505 pbL

Max instantaneous: 3.41x1032cm2s"L ®Run III Delivered

s S | 1400 mRun III Acquired
ax hourly: 651.0 n mRun III Targetdel

Max daily delivery: 13.4 pbL

Max daily acquired: 11.0 pb1 4 Total delivery: 1399.9

Max weekly delivered: 76.3 pb! 1200 Total Acquired: 1148.1
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KLOE-2 TYPICAL DAY

Beam currents

Average values at run time:

Cusrentma)

I~ 1.2+1.4A

I* ~ 0.7+1.0A

ZF~ 1.4+1.8 x1032 ¢cm%s?

Lumi (10"301)

Higher background level than = ; | E = m;mﬁé&
KLOE o Endcap background rate A

i

THFITIE|RTREVTTVITET) VAR TR Y T
';’1“1"‘1!.‘!;"“"!!'"-“ﬂm'ﬁ*ﬂr‘._'_lf"{l {'.I -.

Constant monitoring on
background level &
feedback to DAFNE

-!II-H
Time_ (hh:mm-day)

DC inner layers current

|

DC Curtent [muA]  ECALZ and ECAL 4 (kHz)
-
-]
o

» ECAP bkg-average < 500 kHz
e DC current < 3000 pA
e IT current < 3000 nA

Time (hh :myg@sgday)

IT current

1

Time [hhmm-dav
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KLOE-2 DETECTORS - DC

B=0.52T

Superconducting coil,

H_:..; '\-\."'\-\.'H. M$EEE;H?GTHE%&MHH?/%

COIL

®, .:':.'E'ﬂl.-'"'.-""l" e

21

Full stereo geometry, 4m diameter
52140 total wires, 12582 sense wires

S\ ¢ Go/p = 0.4% (for 45°<9<1350 tracks)
B ¢ Oxy= 150 um, Cz= 2 mm
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KLOE-2 DETECT OQS

EMC

Superconducting coil, B =

0.52 T
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Pb-SciFi Calorimeter (15 XO depth, 98 solid angle)

¢ Ge/E = 5.7% / VE(GeV)
¢ or= 54 ps / VE(GeV) ®100 ps

(©140 per Q=0)
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KLOE-2 NEW DETECTORS

ey I1MPROVE VERTEX AND TRACKING CLOSE TQO IP

INNER TRACKER
¢ 4 layers of cylindrical
triple GEM tracker
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KLOE-2 NEW DETECTORS

- IMPROVE VERTEX AND TRACKING CLOSE TO IP

INNER TRACKER
¢ 4 layers of cylindrical

triple GEM tracker

W 1NCREASE CALORIMETER HERMETICITY
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KLOE-2 NEW DETECTORS

- IMPROVE VERTEX AND TRACKING CLOSE TO IP
INNER TRACKER

¢ 4 layers of cylindrical
triple GEM tracker

INCREASE CALORIMETER HERMETICITY
CALT

W + Scint. + WLS&SiPMs

'Low-beta' quadrupole
coverage

CCALT

LYSO+APDs

“.." ¢ Better photon/electron k¥
acceptance (20°-->10°) ==
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KLOE-2 NEW DETECTORS

- IMPROVE VERTEX AND TRACKING CLOSE TO IP
INNER TRACKER

¢ 4 layers of cylindrical
triple GEM tracker

INCREASE CALORIMETER HERMETICITY
CALT
W + Scint. + WLS&SiPMs

'Low-beta' quadrupole
coverage

CCALT
LYSO+APDs

“." ¢ Better photon/electron L
acceptance (20°-->10°) ==

ADD 7YY EVENTS TAGGING DETECTORS
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KLOE-2 NEW DETECTORS

- IMPROVE VERTEX AND TRACKING CLOSE TO IP

INNER TRACKER
¢ 4 layers of cylindrical
triple GEM tracker

INCREASE CALORIMETER HERMETICITY

CALT
| W + Scint. + WLS&SiPMs
. ¢ 'Low-beta' quadrupole
coverage

CCALT

LYSO+APDs
| ¢ Better photon/electron

ADD 7YY EVENTS TAGGING DETECTORS

LET&HET
LYSO+SiPMs&Scint+PMTs

¢ e*/e” taggers for yy physics

<= %% \. Selce - KLOE-2 - IFAE 2017 12



KLOE-2 INNER TRACKER

IMPROVE VERTEX AND TRACKING CLOSE TO IP

¢ INNER TRACKER
¢ 4 layers of cylindrical
triple GEM tracker
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KLOE-2 INNER TRACKER

IMPROVE VERTEX AND TRACKING CLOSE TO IP
¢ ¢-> T PCA

200 | 5 LD i=111018
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Weani e 3D dE =gt
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200 __.._..._...__......__......__......__......__.....

sigmag., (DC+IT) = 1.1 mm
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KLOE-2 INNER TRACKER

IMPROVE VERTEX AND TRACKING CLOSE TO IP
¢ ¢p-> O VTX ¢ g-> ' n® PCA

Measure directly vertex

resolution with decay at IP 700
600
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KLOE-2 INNER TRACKER

10000

5000 —

IMPROVE VERTEX AND TRACKING CLOSE TO IP
¢ NEW CALIBRATION (vs OLD)

"1 Coar 1745+ 36.5

%2 / ndf 999.1 /87

mean,, 0.005943 + 0.000804
o 0.1261 + 0.0011
Cy, 7523 + 65.9
mean,, -0.004112+ 0.000276
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1
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_.- ........................................ Cnar 1989i44.1
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a e R
—0.5 0 0.5 1
X res (cm)

A. Selce - KLOE-2 - IFAE 2017

16



JINGLE PHOTON TRIGGER (8P7)

Barrel-only majority one, Bhabha nominal threshold (350 MeV)
— exploring U boson mass below 600 MeV

Inserted permanently in the KLOE trigger logic since 28™ November 2016

* SPT free running rate ~ 2.2 kHz
SPT additional rate ~ 300 + 350 Hz

x 10%
1800 —

2 cluster in EMC

‘‘‘‘‘‘

SPT

2cl+SPT

" trigger type

0 L
0

Single photon trigger crucial for search of dark
mediator (U-boson) not decaying in the apparatus

et

©

— |

bhabha events

 Efficiency studies on radiative

0.4 |-

Trigger status - A. Selce - KGM 12/03/17
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/ |threshold
+
[ +
 effective
- threshold
1[‘)(] I“T?(IJ[I ‘ ‘\5(3()‘ ’1(‘:'1} = ‘[ I{'S(IIDI IE fO0

17



PHY SICS@KLOE -2,

¢ Kaon Physics

¢ Discrete symmetries test

¢ YY phisycs e'e—e’eyv-e’eX,
thanks to new tagger detectors

et AN
¢ Search of dark force mediator in various channels

(ex:e'e=UyY; ete»Uy - 1*17Y)

tff_———i——MA,<:<€+

U 0~ n
¢)
:"{ V(9)
¢ Hadronic physics below 1 GeV L, ¥

A. Selce - KLOE-2 - IFAE 2017
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RECENT KLOE-2 RESULTS

BR and Transition Form Factor of ¢ - n*e” PLB 757 (2016) 3623

Dalitz plot analysis of n - mmmn° JHEP 1606 (2016) 019

Hadron Vacuum Polarization in e'e™ > wuy (*) PLB 767 (2017) 485

(https//dx.dol.org/ 1U. LULE/). phyaletb.2UL6. 12.UL6)

Uboson searchine'e > Uy, U > o' PLB 757 (2016) 356

U boson search: combined limit from pwy/mmy

BR of n - n%yy %, Golden mode In progress

: AT distributions ready
0
CPT test with ¢ - K K; - & milv, i mlv (in progress)

BR and charge asymmetry in K; - mev Finalizing Systematics
BRnK > 11710

A. Selce - KLOE-2 - IFAE 2017
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(s) below

LAY

Phys. Lett. B 767 (2017) 485-492

First measurement of the running of the effective a&ED(S) below 1 GeV

@  Expdma e phokt
r:: 1.1 @ Thomd oraiszi
o Th.orod foraisizslsl
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Leptons
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Spatial Directions

Quarks .

-
€ +
|.L
e
4
Jo ISR
‘E'.I’QED(S) ‘2 = dM““_
. S
YQED(0) d:'w“_“
do™ with the VP contribution
dM,..
removed.
25112 = 11/(1 - Aa(s))I?
Aa(s) = Aajep(s) + Aapad(s)

(we neglect the top contribution)

Hypothesis of only-leptonic contribution to aCQED(S) excluded at 6 sigmas

A. Selce - KLOE-2 - IFAE 2017
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K o=>momome

. 100
Analyzing KLOE-2 new data e
-1 Signal-box
(224 pb™t) -a
70
Direct search for the CP violating 60
decay 50
Best KLOE upper limit: :g
BR(Ks->3m%) < 2.6 x 1078 |
with 1.7 fb-! 1
opy
KI.OE-2: 90 10 20 30 40 50 60 70 80 90 100
Hardened selection criteria to Ko

cope with increase of background

N_,..=0 event selected as a signal

upper limit on BR(Ks->3m°) < 1.8 x 1077
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SUMMARY

¢ KLOE-2 is currently taking data at the DAFNE collider
¢ A1l subdetectors are properly working
¢ Goal: JLdt > 5 fb',until 31 March 2018

¢ Analyses ongoing on old and new data

A. Selce - KLOE-2 - IFAE 2017
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SUMMARY

¢ KLOE-2 is currently taking data at the DAFNE collider
¢ A1l subdetectors are properly working
¢ Goal: JLdt > 5 fb',until 31 March 2018

¢ Analyses ongoing on old and new data

THANK YOU FOR YOUR ATTENTIONN
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THANK YOW FOR YOUR
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PHY SICS@KLOE -2,

¢ Kaon Physics

¢ Discrete symmetries test

¢ YY phisycs e'e—e’eyv-e’eX,
thanks to new tagger detectors

et AN
¢ Search of dark force mediator in various channels

(ex:e'e=UyY; ete»Uy - 1*17Y)

tff_———i——MA,<:<€+

U 0~ n
¢)
:"{ V(9)
¢ Hadronic physics below 1 GeV L, ¥

A. Selce - KLOE-2 - IFAE 2017
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ENERGY SCAN

Scan performed by DAFNE shifting central RF:

Count events:
o 0—KK, with K—>m
* 0-mY, with n—>yy, n—>3n°

1

_g — e e'—)(]i )

= e Kg—nn

= © g—ny (7Px50
- 0.8F e ¢—ny3yx50
<

-

>

=

rd

) [l e P e | S ol |
1.016 1.018 1.02

1,022 1.024
Vs (GeV)

Events

Pl 1019. .2236E-01
P2 1372 .2938E-02

1021 -

Vs (MeV)

1020 -

Preliminary

Afyp. (kHz)

KLOE absolute vs fine
calibration: -240 keV

DAFNE Vs value shifted by +550 keV
to run exactly on peak

normalized to large angle Bhabhas
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BRENCHMARK CHANNELS

Analyses on benchmark channels show general agreement with
KLOE data despite increase of background

Cluster energy after fit Invariant mass (Kl vtx)

hEFit [ T T T T T T2 e | 99,3032/ 94 . crrrrr Ty 4 0.20d +0.027 0
B Entries 1952546 | 120 - N 115.2954 + 3.6868] "216000 C p= 0.672 +0.020 1
Mean 150.5 — . = - - "
oosb ol o o 0.8813 % 0.0111 | ;4 4000 [ c,= 0.406 +0.025 |
C Underflow  0.02629 my 497.5240 + 0.0771 1 ~ c,= 1.95 +0.13 ]
F Overiow 0.0008704 | 100 [ m, 493.7012 = 0.9306 | ® r ,= 1.95 0. 1
0.025|— i o 2.3948 + 0.0916 12000 - c,= 0.92 £0.14 .
- ! e 1 Qo . 1, = 0.968 + 0.034
o 80 - S, 12.4972 £ 1.1347_] kT i s ]
002 ] 10000 | m, =-0.3190 £ 0.014 —
- L ' - m, =-0.5750 + 0.085 ]
0.015 60 |- 497.52(8) MeV] 8000 n my= 428 1019
i ] L .
oo 401 2:3909) MeV__ 60005 To= 034 (1. units)
0.005 C ] 4000 - S 8 - 5 ]
' 20 - C
. 1 2000 /I n
O0 ‘100‘ ‘200‘ IBOO‘ I400‘ 500‘ — I600 r L w1 L 4
0 oo by by by by b e by L T 0 PRI R T R T S R S N L h "
E[Me&V] 480 485 490 495 500 505 510 515 520 4 2 0 2 4 6 8 10
M, (1) [MeV/c?] tys [Tl
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Crabbed waist scheme at DA®NE

4501001

Luminosity [1028 cm2 s1]

DAONE UPGRADE

Crab Waist Scheme: beam crossing at
large angle, sextuple correction

A0000

RELY

30000

25000

M0

[ELLY

i |-

3000

p L

ALy

Rotated Quad's to
cope with coupling

Crab-Waist A
Sextupoles
LA S

-

7 CRAB Optics
| 21/12/2008 SIDDHARTA
Bl 15042012 KLOE2

Lo T
 — Vi

Crabbed waist is realized with a sextupole in
phase with the IP in X and at /2 in Y

E Lt ik 12004/2007 Finudibes
I L ; 16/09/2005 Kloe best
Ty e 2 s 06/08/2002 Klos best
i R DRTEL TS DUEL UM T L e
0 025 {15 0.7a 1 1.25 13 1.713 2 235 15

N 2 .
l{*‘ = I- . heirmanic I.A_J
hYl

W

— Present commissioning phase

New coll. scheme + KLOE det.

Old collision scheme

Implemented in DAFNE and
tested in 2008 on
SIDDARTHA experiment
(no magnetic field)

In KLOE B=0.52T require
specific tuning and
background control

A. Selce - KLOE-2 - IFAE 2017
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Physics Motivations

Knowledge of the QED coupling constant
fundamental for testing the Standard Model J

Modification of the QED coupling constant due
to the Vacuum Polarization diagram:

e? — e2(g?) = e’

(1T (g2)— 1T (0))

2y _ _ a(0) |
LTy a(q?) = 1—Aa(q?)
probing small distance scales (x) —
'
9%_ Gaep(@) Agen(@);
Leptons S
JRCER i[-_;kL\JIiitﬁlylln;_g
Qy strong coupling ng%au
pQ&D
5 9 2 f.T T asymptotic
Ao(q°) = Aaiep(q°) + Aanaa(q°) confinement s freedom
No data in the low energy region

large momentum transfer (Q%) —

A. Selce - KLOE-2 - IFAE 2017
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Analysis Method

1 ISR
|aQED(5)‘2 __ dMyy
— T MC

Q. QED(0) Cé;\f/’
p

where:
doPR _ Nobs—Npkg 1
dMup — dMup e((/sp)l
e P <I8° (B > 165°)
e 0«0, <180°
with FSR effects removed

df7— obtained from PHOKARA

gen.
with the folloy a
° 0, <15°
e 0<l,<
Inclusive of th Z&
J  the VP contribution

removed

A. Selce - KLOE-2 - IFAE 2017
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Event selection: Small Angle (SA)

@ Two tracks of opposite sign with

50° < 0 < 130°

@ Photons (not detected) at small
angles :

< 15 ard > 165°

@ Photon momentum from
kinematics:
Py =~ Pmiss = —(PL + p_)
B High statistics for ISR photons

B Very small contribution from FSR
B Reduced background contamination

A. Selce - KLOE-2 - IFAE 2017 35



Dapne upgrade

Crabbed waist scheme at DA®NE

Luminosity [1028 cm™2 s71]

ESIELY
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R L LY

LI ELA]

25000

RULELY

| S

[TLEEY

SO0

CRAB Optics

211272008 SIDDHARTA

Crabbed waist is realized with a sextupole in
phase with the IPin X and at n/2 in Y

Present commissioning phase
New coll. scheme + KLOE det.

El 18042012 KLOE2
o 'I L. .-...l".'T' '-l‘:'l-n-‘l'
[ . |Hr-| ; J'.lll"."'lll'-lml-".“‘ :
Al L',lljli-*fll (o
T .
Y E | 20042007 Finud?
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THEEY: Old collision scheme

,f” A !." 3 JFII'II.'Jn'.".'.']-';.*.'f: I-"Jl- 3]

L .lIJ!'."'

N
max. expected at KLOE-2 : L.~ 20 pb-'/day x 200 dd/year = 4 b /year



DETECTOR UPGRADE: INNER TRACKER,
QCALT, CCALT

INNER TRACKER

» 4 layers of cylindrical triple GEM
» Better vertex reconstruction near [P

» Larger acceptance for low p, tracks

QCALT -

» W+ scintillator tiles + SiPM/WLS
» Low-beta quadrupoles: mverage for K,

decays

CCALT - | ;4. Q

» LYSO + APD

% Increase accentance for v's from IP (71°=10°)




DETECTOR UPGRADE - HETALET

Measurement of leptons momenta in e*e—e*ey’y —e*eX

LET: E. ~ 160-230 MeV

» Inside KLOE detector
¥ > LYSO+SiPM
: B > 06;.<10% for E>150 MeV

HET: E_ > 400 MeV
| & > 11mfromIP

» Scintillator hodoscopes
- » op~2.5MeV
2.4 N > op~200ps

A. Selce - KLOE-2 - IFAE 2017 38



SPT SOURLCE

e Cosmics

Runs 87070 + 87071

Tnx2 E.Graziani

SPT only trigger rate = 60 Hz

'Special' cosmics is triggered by SPT: one hit over Bhabha
threshold and no other trigger over LET threshold

- Overfluctuate on upper sectors and underfluctuate on down one
- enter the barrel EMC almost horizontally

- stop inside the detector

. Cross some cracks

Trigger status - A. Selce - KGM 12/03/17 39



SPT SOURLCE

* Machine background Tnx2 E.Grazian

3 special runs (87452, 87453,87455) with non-colliding, longitudinally separated, beams.
Analysis in progress

50000 = D 2091
[ Entries 577838
‘ Mean 311.6
RMS 79.34
35000 | 40000 =
30000 |~ L
, . H 30000
25000
20000 - r
i ﬁ 20000 +
15000 |-
10000 |- HL 3
L 1 i |
- L H 10000 —
5000 | L |
o L v vl v PR R NSRS B R U te § R RS | jjj
o 20 40 60 80 100 120 140 160 180
theta after cosmic rejectio 0 | I B \\\‘\\\IITT‘TM\A_LLL\\‘\\\\
0 100 200 300 400 500 600 700 800 900 1000

eneclu after cosmic rejection

Within ~ 10 Hz, all the SPT 300 Hz trigger rate is explained by 60 Hz cosmics +
machine background (Touschek, beam gas, etc...)
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SP1_EFFICIENCY

Barrel photon in L3BHA
(isolated clusters with no track association)  Bhabha trigger bit is set, as a function of the cluster energy

D 2088
18000 |- Edntr'lcs 653377349
: RMS. 2130
to00o |- T HHHHHHHJ[HH-H%HHHHHFHHHHHHH'}
200 [ i ++ A
12000 [ f inal threshold
: o8 L { nominal thresho
10000
+
8000 i +
.I.
6000 — 0.6 |-
1 t
4000 |
: - f
2000 - - effective threshold? A
[ 0.4 t
0 0 I I 1[|)IJI - I’)(l)[II - I“JC()I I 4(|I'I}I - Ii)(lil[) = Ib'Ell()l I 100
eneclu for trigger pho E - +
+
0.2 .
The effective (average) threshold seems to be I *
consistently lower than the nominal one - -
G 1 _‘T‘—'—"l"-"'r-""f"""l'"*‘f | 1 1 1 | [ T B | | [ | 1
0 100 200 300 400 500 600 F00

Does not include calorimeter efficiency, cluster reconstruction efficiency, etc ...
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K o=>momome

. 100
Analyzing KLOE-2 new data e
-1 Signal-box
(224 pb™t) -a
70
Direct search for the CP violating 60
decay 50
Best KLOE upper limit: :g
BR(Ks->3m%) < 2.6 x 1078 |
with 1.7 fb-! 1
opy
KI.OE-2: 90 10 20 30 40 50 60 70 80 90 100
Hardened selection criteria to Ko

cope with increase of background

N_,..=0 event selected as a signal

upper limit on BR(Ks->3m°) < 1.8 x 1077
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-

@ Analyzing KLOE-2 data
% From Q2 pb'! @ Sep CSN1 to present 224 pb'!

Entries
> o

New 8el
0Old Sel

—
C}—L

@ Ky —2n (4 prompt photons) used for normalization.
Selection based on: 4-momentum conservation - Kg
mass - Energy and timing for photons

T =g
o o O

@ Hardened selection criteria to cope with increased
background wrt KL.OE run ( >3 prompt y + K, -crash):

—
o

Qld Selection New Selection

oK, -crash: F>1850 MeV, 0.8<3<0.25 o K;-crash: E>180 MeV, 0.2<3<0.25

oprompt photons: E > 7 MeV, o prompt photons: F_ > 20 MeV;
|cos 6| <0.915 and |cos 6] <0.915 and
| AT | < Min(3.5:01(Ey),2 ns | ATy | = Min(3.0:0:(F,p,& ns

Signal Efficiency 47% Signal Efficiency 43%
10x Background Rejection
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K9 DECAY MODES

Scale factor/

Mode Fraction (I;/T) Confidence level
Semileptonic modes

[ atefy, [4] (40.55 +0.11 ) % 51,7
Called K?,.

M, =afuFu (4] (27.04 +0.07 ) % S=1.1
Called K#?,.

3 (mwpatom)r ( 1.056 £0.11 ) x 10—7

r, nonfeFu (4] (520 +£0.11 )x10~5

e nfeFrete [a] ( 1.26 +£0.04 )x 102

Hadronic modes, including Charge conjugation x Parity Violating (CPV) modes

e 3n° (19.52 £0.12 ) % S=1.6

r; ata— =0 (12.54 £0.05 ) %

[g ~whg™ CPV [b] ( 1.96740.010) x 10~3 S=1.5
e a%x0 cPV ( 8.64 +0.06 ) x 104 S—=1.8
Semileptoﬁ"c modes with photons

Mo mteFu.y [a.cd] ( 3.79 +£0.06 ) x 10~3
My atpu VY (565 +0.23 )x 104
Hadronic modes with photons or £7 pairs
Mo w070y < 243 x 10-7  CL=90%
M3 wta—y [cd] ( 415 £0.15 )x 10—5 5=2.8
M4 =«tx—~(DE) ( 2.84 £0.11 )x10—5 S=2.0
5 02~ [c] ( 1.273+0.033) x 10—
Mg 7n0yete ( 1.62 £0.17 ) x 108
Other modes with photons or £ pairs
M7 27 ( 5.47 £0.04 )x 104 S=1.1
Mg 37 < 7.4 x 1078 CL=00%
Mg ete v (9.4 +04 )x10~0 S=2.0
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K3 DECAY MODES
Scale factor/

Mode Fraction ([;/T) Confidence level
Hadronic modes
r{ a%° (30.6040.05) %
M atw (69.20+0.05) %
; ata—a? pam Tl yseter
Modes with photons or £Z pairs
f, =ta "y [a.b] ( 1.79+0.05) x 10—3
s, #tn et ( 4.7940.15) x 10~2
e a0~y 4] (49 +1.8 )x10-8
r = ( 2.634+0.17) x 10—© $=3.0
Semileptonic modes

g wrefu, [c] ( 7.04+0.08) x 10~
Mg atuT Yy [cd] ( 4.69+0.05) x 10~%

CP violating (CP) and AS = 1 weak neutral current (51) modes
Mo 3n° cP < 26 x 1078  CL=00%
Lie  pibps s1 < 9 x 109  CL=00%
M ete s1 < 9 x1072  CL=00%
i3 #lete st [4 (30113 )x10-9
Mg *utp s1 (2.9 J_r%g ) x 109

A. Selce - KLOE-2 - IFAE 2017
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