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A new artwork in the KLOE-2 control room 

by artist Claudio Federici 
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Run-I 
1065 pb-1 del 
818 pb-1 acq 

77% eff 

Run-II 
1950 pb-1 del 
1591 pb-1 acq 

82% eff 

Run-III 
Started 

12 Sep 2016 

Data Taking  

Total L delivered: 4.56 fb-1 
Total L acquired: 3.68 fb-1 

KLOE-2 goal:  L acquired > 5 fb-1   =>  L delivered > ~ 6.2 fb-1 
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Run-III delivered 
Run-III acquired 
Run-III target 2000 pb-1  

Run-III 
1552 pb-1 del 
1273 pb-1 acq 

82% eff 

RUN-III detail 

RUN-III target: L delivered ≥ 2 fb-1 
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DAFNE performance 

An example of good day in RUN-III 
(26 feb 2017) 
 
L delivered: ~11.1 pb-1 
L acquired: ~9.4 pb-1 

Hot End-caps counters 
electrons < 500 kHz  
positrons < 300 kHz 
 
 
DC integrated current 
mostly < 2 mA 
 
 
IT layer 1 integrated current 
mostly < 5 µA 
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Detector Status 

January 2017 May 2017 

•  γγ 
•  Bhabha 

EMC calibration 
•  Improvement in the calibration procedure=>re-calibration of all data collected up to now 
•  Process parallelized; large part of the computing resources allocated for this reprocessing  
•   ~ 15000 runs  successfully recalibrated in 4 days   Very good stability,  

improved Data/MC comparison for e+e−→γγ events 

 

DC new TDCs 
•  We started using the TDC spares, the newly built TDC boards 

Data: solid line 
MC: dashed line 

with old EMC calibration 
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Detector Status 

January 2017 May 2017 

•  γγ 
•  Bhabha 

EMC calibration 
•  Improvement in the calibration procedure=>re-calibration of all data collected up to now 
•  Process parallelized; large part of the computing resources allocated for this reprocessing  
•   ~ 15000 runs  successfully recalibrated in 4 days   Very good stability,  

improved Data/MC comparison for e+e−→γγ events 

 

DC new TDCs 
•  We started using the TDC spares, the newly built TDC boards 

Data: solid line 
MC: red line 

with new EMC calibration 
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•   IT+DC  tracking performance 
     Residual distributions improvement 

   
 
•   Reconstruction with IT+DC tracking  & official vertexing  

 Vertex finding specifically written for KLOE experiment: all cuts and procedures  
tuned for tracks reconstructed with DC  

 IT+DC tracks treatment within Official vertexing more tricky than expected  
 PCA & Vertex Improvement on φ->π+ π- π0 and Ks->π+π- samples 
 (see next slide) 

 
•   Improving Alignment and Calibration 
     Refined calibration obtained for all layers with B-field OFF sample of cosmic muons 
     Refined calibration obtained for all layers with B-field ON sample of cosmic muons 
     Checked with Bhabha scattering events 
     Presently inserting refined calibration in Kalman 

Inner Tracker Status 

After Kalman

Before Kalman


x Residuals (cm) 

Layer #2
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                   YV  (cm) 
                            YV  (cm) 


IT+DC 

DC-only 

Y coordinate: vtx resolution ⊕ Ks lifetime  

!   Improvement both on distribution peak and tails 


KS→π+π-ϕ→π+π-π0 

Y-coordinate: vtx resolution 
(negligible beam size) 

σ=5.5 mm 
 
(σnarrow=3.0 mm) 

σ=4.4 mm 
 
(σnarrow=2.3 mm) 
 

σ=10.1 mm 

σ=7.4 mm 

IT-DC integrated tracking and vertexing 

11 

Tracks from IP with pT > 100 MeV  Tracks from IP with pT> 10 MeV 

YV (cm) 

YV (cm) 

YV (cm) 

YV (cm) 

Using 1st Align & Calib parameters  



A. Di Domenico  LNF Scientific Committee meeting – 9 May 2017  
 
 
 

Layer #2


Resx  

390 µm

(540 µm) 


Improving IT calibration 

12 

Resx  

300 µm

(400 µm) 


cosmic-ray muons with B-field OFF cosmic-ray muons with B-field ON 

Distributions well  
centered around  
zero 

Resx

350 µm    


with Bhabha scattering events 
In (…) the 1st align and calib 
results 

New improved Alignment and Calibration with:  
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•  Installation of new discriminator boards (Jan17) to improve hardware efficiency 
(now ~100%) 
 

•  Collisions clearly seen by rate increase and dependence on DAFNE Luminosity 

Run-I

Run-II

HET-electrons HET-positrons 

DATA
Expectation 

No Collisions 

HET-Rate = KLOE-Trigger-Rate x (αele/pos Luminosity + βele/pos I2
ele/pos)  

With Collisions 
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HET status and search for γγ->π0 production events 
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HET status and search for γγ->π0 production events 

•  Pre-filtered single-π0 candidates (analysed a sample of L~550 pb-1) 
 

•  Analysis of Double-Arm and Single-Arm HET events 
•  Background evaluation directly from data 
•  Two independent evaluations of the background: 

- events matching bunch but not the right turn  
- 2<|ΔTe+,e-|<7 and ΔTHET-KLOE > 10 bunches  

•  Background normalization in the ΔTγγ signal free region 
Bckg evaluation

? Bckg estimation done run by run by using
an “untagged” data sample (DA events
which are out of coincidence window with
taggers and with KLOE DAQ):

? control sample 2  |�Te+ ,e� |  7 and
�THET�KLOE > 10 bunches

? events matching bunch but not the right
turn

? The 2 bckgs have the same shape and can
be summed up (black) . The Bckg
normalization is done using the data to
bckg ratio in the supposed signal free
region ( 1.1 < |�T �R/c| < 2.2 ns)

15/30

Bckg evaluation

? Bckg estimation done run by run by using
an “untagged” data sample (DA events
which are out of coincidence window with
taggers and with KLOE DAQ):

? control sample 2  |�Te+ ,e� |  7 and
�THET�KLOE > 10 bunches

? events matching bunch but not the right
turn

? The 2 bckgs have the same shape and can
be summed up (black) . The Bckg
normalization is done using the data to
bckg ratio in the supposed signal free
region ( 1.1 < |�T �R/c| < 2.2 ns)

15/30
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Double-Arm Tagging 
•  coincidence between HET stations and in 

time with KLOE trigger 
•  2 clusters in KLOE  Eclu < 300 MeV  

associated with the same bunch with  
|∆TKLOEclu−HET| ≤ 4 bunches  

•  Kinematic cuts on E(γ), InvMass(γγ) 
cosθ(γγ) and PTOT 

Single-Arm Tagging 
•  HET ele/pos station in time with KLOE trigger 
•  2 clusters in KLOE  20 < Eclu < 300 MeV  

associated with the same bunch with  
|∆TKLOEclu−HET| ≤ 4 bunches  

•  Kinematic cuts on E(γ), InvMass(γγ) cosθ(γγ) 
and PTOT 

•  Isolation cut to increase S/B ratio 
Etot - (Eclu1 + Eclu2 ) < Eisolation  

HET status and search for γγ->π0 production events 
DA Analysis

16/30
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19/30

~600 expected 
signal events 

~3000/arm expected 
signal events 
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Complementary analysis approach  
•  search for single π0 events with KLOE alone 
•  important cross check of HET response (TDCs 

decoding and electronics, etc..) 
•  Preliminary analysis of downscaled 

“unstreamed” events (ufo) excludes that the 
lack of π0 signal events can be caused by time 
resolution effects. 

•  Full statistics analysis needs data reprocessing 
with a dedicated stream (in progress) 

Simulation and energy acceptance studies 
•  A detailed study of the off-energy electrons and 

positrons transport along the machine lattice is 
in progress (collaboration with DAFNE), taking 
into account actual machine setup and 
measurements from beam position monitors in 
the machine layout. 

HET status and search for γγ->π0 production events 

Search for ⇡0 with KLOE alone

θcos
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�T between the 2 selected clusters : for Bhabhas (blue), �� (green), ⇡+⇡� (black)
candidates and events at the end of the DA ⇡0 analysis selection (red). When
physics signal is present the �T is as expected from our simulation between -1 and
1 ns. We can exclude that our time resolution can cause the lack of the ⇡0 signal.

24/30

Status of the IP ! HET beam transport

Zoom of DA�NE layout. All components between the IR and the
HET position are indicated.

In red the beam position monitors installed along the machine
arms.

The study is in progress

We are running the BDSIM code by
using, whenever possible, the real
values of magnet positions (as
obtained by the laser measurements
performed after the installation of the
new IP) and magnet currents
(provided by DA�NE team) in place
of the nominal ones.

The maximum di↵erences between
nominal and real values are of the
order of mm for the positions of
magnets and of 5% for the magnetic
fields.

If the measurements are not available
for some layout component, we run
many (⇠ 105) di↵erent magnetic
configurations by using for them all
possible positions and magnetic fields
combinations which are compatible
with the estimated maximum
di↵erences between nominal and real
values.

Beam position monitors are used as
reference to choose among the
possible configurations.

Our aim is to determine the impact of
realistic machine operation on
510 MeV orbit first and then on the
lower energy ones. 25/30
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K S lifetime with KS→π+π-K L inv mass with KL→π+π-

ΜK  = 497.52(8) MeV

σMK =        2.39(9) MeV


E[MeV] E[MeV]

with new EMC calib. 
with old EMC calib. 

with new EMC calib. 
with old EMC calib. 

ϕ→ηγ with η→3π0 
RUN-III Data quality benchmark analyses 

ϕ→ηγ with η→3π0 

m2
23    vs   m2

12 [GeV2] 

E1 < E2 < E3  Kin. fit 

ϕ→ηγ with η→γγ

τS = 0.968±0.034 

(τS units)
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•  Analysis on new data: L ~ 300 pb-1 

•  Need to harden the selection criteria to face the larger background  
wrt 2005 (~10 times more accidental clusters in trigger window). 

                          (old selection)                         (new selection) 
-   KL crash: E>150 MeV, 0.2< β < 0.225          
-  prompt γ’s: Ecl > 7 MeV                        ⇒    Ecl > 20 MeV  
      |cos θcl| ≤ 0.915  
      |t-r/c| ≤ Min[3.5·σT(Ecl),2 ns]                 ⇒    |t-r/c| ≤ Min[3.0·σT(Ecl),2 ns] 

-  Efficiency for signal:  47%                    ⇒     43% 
-  10 times better background rejection 

•  KS→2π0  used as normalization 

18 

KS-> 3π0 analysis on new data 

-­‐	
  New	
  sel.	
  
-­‐	
  Old	
  	
  sel.	
  

Fk� =
Nk�P10

k=1 Nk�
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•  Hard KL-crash: cuts on the 
velocity of KL and energy of the 
KL cluster 

•  ΔE/σE  = (EKs –Σ Eγ )/ σ E cut:  
Consistency of KS reconstructed 
energy with four ”best” γ clusters 

•  Kinematic fit: 
KS mass, total 4-momentum 
conservation, consistency 
between the measured time and 
position of each cluster 

•  Signal box definition: 
χ2

2π : pairing of 4 out of 6 photons 
(π0 masses, EKs, PKs, angle 
between π0’s) 
χ2

3π : pairing of 6 clusters with 
best π0 mass estimates 

KS-> 3π0 analysis on new data 

New sel.

Old sel.
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•  Rmin : minimum distance 
between clusters 

χ2
fit < 57.2                  ΔE/σE  ≥ 1.88 

4.0 ≤ χ2
2π ≤ 84.9        χ2

3π
 ≤ 5.2 

Rmin > 65 cm 

•  With the old analysis chain and cuts we count Nobs = 1 event selected as a signal 
•  Taking into account the used statistics this translates to a very preliminary upper 

limit of  O(10-7) 

Rmin counting ΔE/σΕ Sbox χ2
fit Track Veto 

KS-> 3π0 analysis on new data 

•  KLOE results:  

BR(KS→ 3π0 ) < 1.2 x 10-7  with 450 pb-1  [PLB 619 (2005) 61] 

BR(KS→ 3π0 ) < 2.6 x 10-8  with 1.7 fb-1  [PLB 723 (2013) 54] 

New sel. 
Old sel. 

20 
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Data volume and reconstruction 

Data Volume 
•  Reconstructed ~25% of the total luminosity 
•  Run-III consistent with expected 0.5 PB/fb-1 

Run-I Run-II Run-III 
L [fb-1] 0.80 1.62 1.24 

RAW [TB] 457 867 688 
REC [pb-1] 30 586 251 

Event size 

Reconstruction 
•  New version 2.0 of the  DC-IT integrated tracking and vertexing successfully tested 

and working 
•  New event classification module for the γγ→π0 analysis is ready and under test 
•  Implementation of a new stream for events collected by the Single Photon Trigger 

is ongoing 
•  New data handling scheme in operation (GPFS+Disk Array) 
•  Reconstruction rate ~10 pb-1/day OK to follow data taking (to increase 

reconstruction rate of previous runs and MC -> additional P8 machine planned) 
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Computing and storage 

Disk Arrays

800 TB

160 TB

60 TB

SAN

2 GByte/s

3 GByte/s

1 GByte/s

6 Gigabyte per second available for data moving

•  New 300 Tape Cartridges (3PB) 

•  DataDirect 9900 Disk Array (from CNAF) 
•  Caching problems during heavy load => 

solved with a workaround (impossible to solve 
according to DD maintenance service) 

•  Speed test OK 
•  New data handling scheme is now in 

operation (GPFS+Disk Array) 

•  CPUs no longer show idle time or IO wait 
when busy with user programs.  

•  The SAN/GPFS architecture and the new  
disk array feed CPUs in a correct way, 
eventually saturating them.  

Topas Monitor for host:fibm50                   EVENTS/QUEUES    FILE/TTY       
Fri Apr 28 11:49:52 2017   Interval:1           Cswitch     295  Readch  4222.1K
                                                Syscall  119.9K  Writech 3280.6K
CPU     User% Kern% Wait% Idle%                 Reads       644  Rawin         0
Total    99.6   0.4   0.0   0.0                 Writes      113  Ttyout       75
                                                Forks         1  Igets         0
Network    BPS  I-Pkts  O-Pkts    B-In   B-Out  Execs         1  Namei        79
Total    953.9    3.90    1.00   351.3   602.6  Runqueue  26.80  Dirblk        0
                                                Waitqueue   0.0               
Disk    Busy%      BPS     TPS  B-Read  B-Writ                   MEMORY         
Total     0.1    50.2M   564.4  26.40M  23.84M  PAGING           Real,MB   16384
                                                Faults      274  % Comp     55  
Name           PID  CPU%  PgSp Owner            Steals        0  % Noncomp  39  
datarec.   11927862  1.6  117M kloerec          PgspIn        0  % Client   39  
datarec.   10617302  1.6 87.6M kloerec          PgspOut       0                 
datarec.   10879182  1.6  119M kloerec          PageIn        0  PAGING SPACE   
datarec.   10355156  1.6 85.2M kloerec          PageOut       0  Size,MB   16384
datarec.   13697188  1.6 91.6M kloerec          Sios          0  % Used      0  
datarec.   12648894  1.6  109M kloerec                           % Free    100  
datarec.   11469218  1.6  100M kloerec          NFS (calls/sec)  
datarec.    7406076  1.6  101M kloerec          SerV2         0  WPAR Activ    0
datarec.    9503210  1.6  118M kloerec          CliV2         0  WPAR Total    0
datarec.    7209408  1.6  117M kloerec          SerV3         0  Press: "h"-help
datarec.    7012528  1.6  100M kloerec          CliV3         0      0      0uit

monitor from vm which is running 60 Datarec jobs
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BR and Transition Form Factor of φ → π0e+e–     PLB 757 (2016) 362 

Dalitz plot analysis of η → π+π–π0 JHEP 1605 (2016) 019 

Hadron Vacuum Polarization in e+e– → µ+µ–γ PLB 767 (2017) 485 
U boson search in e+e– → Uγ , U → π+π–                 PLB 757 (2016) 356 
BR and charge asymmetry of KS → πeν CP/CPT Finalizing systematics 

T/CPT test with φ → KSKL → 3π0 πlν, ππ πlν Δt distributions ready 
(in progress) 

BR of KS → π+π-π0 in progress 
U boson search: combined limit from µµγ/ππγ advanced stage 
aµ and pion FF: combined result advanced stage 
BR  of  η → π0γγ :  χpT  Golden mode  in progress 
B boson search in φ → ηπ0 γ in progress 
Improved UL of BR KS → 3π0 : CP/CPT (new K2 data) started 

Publications 
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Conclusions
• Data taking (RUN-III) is ongoing with KLOE-2 detector fully operational:  
Total L delivered up to now 4.6 fb-1, acquired L~3.7 fb-1  

• RUN-III milestone: L delivered 5 fb-1 for summer 2017 
in line with the minimum requirement of 6.2 fb-1 => L acquired ~5 fb-1 for end March 2018 
 

• Results from IT+DC integrated tracking and vertexing using first align & Calib parameters 
with ϕ→π+π-π0 and KS→π+π- samples are encouraging 

• Improved alignment & calibration parameters. 
 

• Analyses of Double-arm and Single-arm HET tagged events show at the present stage no 
evidence of π0 production. A complementary analysis approach to search for π0 production 
with KLOE alone, and detailed beam transport studies are in progress.  

 
• Data quality is continuously monitored with several benchmark analysis. 
• The analysis to improve the limit on BR of KS->3π0 started: encouraging very preliminary 
results on 300 pb-1 of data. 
 

• Data reconstruction with integrated IT+DC tracking and new data handling (GPFS+Disk 
Array) architecture is operative. 

• We have a new artwork in the KLOE-2 control room! 
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SPARE SLIDES 
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KLOE-2 Physics
KAON Physics: 
•  CPT and QM tests with kaon interferometry 
•  Direct T and CPT tests using entanglement 
•  CP violation and CPT test: 

KS->3π0  
direct measurement of Im(ε’/ε) (lattice calc. improved) 

•  CKM Vus:  
KS semileptonic decays and AS (also CP and CPT test) 
Kµ3 form factors, Kl3 radiative corrections 

•  χpT : KS->γγ
•  Search for rare KS decays 

Dark forces: 
•  Improve limits on: 

Uγ associate production 
e+e- → Uγ → ππγ, µµγ

•  Higgstrahlung 
e+e-→ Uhʹ′→µ+µ- + miss. energy 

•  Leptophobic B boson search 
φ→ηB, B→π0γ, η→γγ  
η→Bγ, B→π0γ, η→π0γγ  

•  Search for U invisible decays 

Light meson Physics: 
•  η decays, ω decays, TFF φ → ηe+e- 
•  C,P,CP violation:  

improve limits on η → γγγ, π+π-, π0π0, π0π0γ 
•  improve η → π+π-e+e-  
•  χpT :  η → π0γγ 
•  Light scalar mesons: φ → KSKSγ 
•  γγ Physics: γγ → π0 and π0 TFF 
•  light-by-light scattering 
•  axion-like particles 
 
 

Hadronic cross section 
•  Measurement of aµ

HLO in the space-like  
region using Bhabha process 

•  ISR studies with 3π, 4π final states 
•  Fπ with increased statistics 
 
 New proposal: running at √s = 958 MeV 
•  Production of Non-Vector-Resonances (η’) 

in e+e− annihilation (η’ TFF) (new wrt  K2 program 
EPJC (2010) 68, 619) 
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DAFNE avg uptime 72% DAFNE avg uptime 79% 

RUN-III luminosity weekly detail  

27 


