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I Motivation: K-physics

K+ - I* v I* |- described by Chiral Perturbation Theory (ChPT)
- test & inputs

 Decay amplitude includes:
o BN
- Inner Bremsstrahlung (1B) K—Q< K_O<
well predicted by K+ - I+ v A\ Ad
- Structure-Dependent components (SD): form factors (F,, F, R)

- General K*-decay sensitive to F,, F,

* R contributes only to decays with e* e from y*
« K*>e*v_ete (Ke2ee): SD > IB (« e-helicity suppression)
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I About Branching Ratios

Collecting either k* (6 %), " (70 %), p* (24 %)
Secondary beam of 75 GeV (750 MHz)

, + target (Be)
SPS
400 GeV

* Absolute measurement (of Nchannelofinterest/|all)
Impossible (interesting vs everything?)

- Normalization channel Br, from PDG: Br,/Br,
- Likely process —» small external uncertainty
(propagated, but negligible vs syst/stat)

- Similar process —» small systematic error
(many uncertainty factors fall out)

e Which one iIs better in this case?
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https://www.particlezoo.net/

I Uncertainties

signal signal norm signal norm . MOTm
Br*'8 N®'8 € N®18 Acc Trig

Bypnorm — NJnorm ' gsignal — Nnorm ‘ Accsignal ‘ Tn‘gsignaf
* Br: branching ratio

 N: actual measured counts

e &: selection efficiency

Acc: acceptance, efficiency of the offline selection

- From Monte Carlo (MC)
Trig: efficiency of the online trigger selection

- Different masks for signal and noralization

Same cuts: Acc of signal vs normalization cancel
Perfect MC: N & Acc balance each other
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I Studied Processes

— e A%

normalization
Br~102x1072

K+


https://www.particlezoo.net/

I Previous studies

Table 7: Theoretical values for the branching ratios for the decay K+ — eTr.e"e™
for various cuts.

tree level | form factors as given by CHPT

¢ Theo ry [ 1 ] full phase space ~4-107? 1.8-10°7
z, 2 > 1070 3.0-10°10 1.22- 1077
—Z'm z, 21 > (50 MeV/Mg)? [ 5.2-10 1 8.88-10°
e-,et 2, 21 > (140 MeV/Mg)? [ 2.1-107 7 3.39-10~°

- Experimental results (BNL, 2002) [2]: N, = 410

(including 10% background contamination)

Br(m, ., >140 MeV) = [291 £ 16(stat) £ 17(syst)
+ 0.7(ext from model)] - 107'°

— NA62: data collected 2016-2021

- Full 2017-18 sample
+ v3.1.3 MC: kenuee, k3pi, k2pi.pi0d 6/ 24




IThe NA62 Experiment

Downstream Cﬁ.a-féd
X Em] Kaon ID Large angle photon veto spectrometer MUVO hodoscopes
2 [Differencil . Boondes e [EM calorimeters] STRAW CHOD Muon veto
| Cerenkov detector] — LAV MUV1,2
5 o i \ silicon pixel detector] Iron
] o _ MUV3
Target KTAG GTK SAC
(i — 2= CHANTI——Vacuum— : TR
] Primary beam: ‘
1400 GeV/c SPS protons HASC
*7~10" p/s/ec Beam guard ring ke
Secondary beam: 65m decay region J_’_.—J " IRC Dump
2475 GeV/c ~5MHz kaon decay rate LKr
l{+( ()(% )//TT+<T()(% )/])(.2 l(% ) 10'6 mbar vacuum Photon veto
750MHz |, < > [EM calorimeters]
(|) § 1(I)0 1.%0 2(I)0 250 Z [m]
« Kaon identification . Spectrometry of charged (p) =™
* Tracking the beam * Cherenkov radius of charged (/)
* Collimator vs upstream * Electromagnetic & hadronic
— Fiducial Volume (FV): decay calorimeters
71/24

 Photon vetoes (vs x°) e Muon vetoes



I Event Selection |.

General conditions:

1 single 3 track event

Precise enough vertex (yx? < 25) of charge +1, in FV (z € [105, 180] m) within 6 ns wrt
trigger (vtx: CHOD vs trig: RICH)

Opposit-charged particles in time wrt trigger:

|t ~ Eencronl <218, [T ~ tepopl <215

NewCHOD NewCHOD

Tracks in detector acceptance (STRAW, RICH, CHOD, NewCHOD, LKr)

Reasonable track separation (15 mm in each STRAW chamber, 200 mm in LKr plane)
Extra activity vetos: ys, us (reject event if activity within 2 ns wrt vertex)

Good association between KTAG-GTK & RICH-CHOD:

|t | < 1.4 ns, |t | <2 ns

GTK tKTAG vertex tRICH

Vertex-building from the three downstream tracks and the GTK track, where the GTK
candidate gives the minimal 2

vertex

Momentum of each track separately € [8, 50] GeV
3-track momentum < 78 GeV
HLT (L1): KTAG was ok, no exotics in STRAW 8 /24



* see on Slide 11

I Event Selection Il.

* Signal selection:

- Particle identification (PID):

« e probability from calorimetric BDT > 0.5 for the positive tracks

(Boosted Decision Tree, BDT: neural algorithm)
« e RICH likelihood > 0.5 for the positive (!) tracks
* No EoP (from LKr) condition needed (EoP > 0.9 [3])!
- Kinematics:

- Neutrino momentum (lower boundary): p, > 200 MeV
- p'in GTK (lower boundary): p'.,, > 8 MeV
- Electron-positron invariant mass (lower boundary): m___, > 140 MeV

- Theory: vs divergence in the decay rate due to the small-energy vy
- Experimetally: vs K* - e*v 7% n® - e e* v (Dalitz mode)
- Missing mass (upper boundary): m_._° < 0.03 GeV?

- Trigger mask4 (“di-electron”), downscaling of 8: 9724
extra condition (over mask5*) on LKr total energy (minimum 20 MeV)



2
I mmiss VS me-,e+

* Well-peaked distribution — suitable for selection

40
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Smaller m.._. [MeV .
Mo | ] - minimum cut on m___.: cut on both



I Event Selection lll.

« Normalization selection:

- Kinematics:
- Kaon invariant mass: [m, — m_ | < 4 MeV

(check if GTK was ok first)
— No PID needed! (clean enough sample)

- Separating data (events already identified as signal
shall not be analyzed again):

EoP < 0.9

- Trigger mask5 (“multi-track™), downscaling of 100:

« RICH was ok
e Good newCHOD candidates
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I Kaon invariant mass (K3pi MC) a,,

NA62 MC v3.1.0-v3.1.3

3 300 _ + Well-peaked
S _ K3pi distribution -
S 250;— suitable for selection
O . Official value [4]:
i 493.677x 0.013 MeV
1501
1002— L
502—
O%H | J.IJT ITL@,LIH..IH.I

480 485 490 495 500 505 510
12 /24
M, [MeV]
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Kezee B! hormed to the chosen cut
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—
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Cut on kaon invariant mass
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M, -493.677| [MeV]

Stability studies: kaon
invariant mass

N/

Normed to the
chosen cut

Uncertainty of the
central value: all
stat + syst

Uncertainty of the
other values:
relative to the
central

(On the following
plots as well...) 13/24



I Stability studies: BDT PID

Cut on calorimetric PID likelihood
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I Stability studies: RICH PID

Cut on RICH PID likelihood

NAG2

Br*°?**Br“* normed to the chosen cut
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Minimum likelihood of being electron




I Stability studies: p,

Cut on P,

s
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I Stability studies: p_°™

Cut on p(T3TK
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I Stability studies: m___,

* Differently zoomed:

Cut on electron-positron invariant mass m_

- Too loose 5 160k ¢ NAG2
requirement - 3o
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I Stability studies: m__._ 2

miss \(

_ Cut on mﬁwissing '
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I Trigger efficiency

 Wrt selection
* From data: control (CTRL) data needed

- Signal: mask4/CTRL = 708/11 . (too low stat)
- Normalization: mask5/CTRL = 91 1%
 From MC, emulating LO triggers as well:

- Signal (RICH, NewCHOD, LKr): 92.6%
- Normalization (RICH, NewCHOD): 91.3%
— ratio: (98.5+0.8)%

/extra condition in mask4 and not in mask5
(LKr20): very small inefficiency/
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I Summary l. - The Task

* Event selection for collecting signal &

NS

- .‘. . .

. ;

)

//

. ¥ =
e _
=y

normalization events g

- Choosing a very likely normalization
channel -» small statistic uncertainty

- Using as many as possible common cuts -
decrease systematic uncertainty

 Examining acceptance & trigger efficiency

* Get the branching ratio from the branching
fraction

- Propagate uncertainty from Br.

ormalization 21/24



I Summary Il. - Results in Numbers
* Values from the literature: S
- Br,______PPG: (5583 x 0.024)% [4]
- Br .. ”"(m, . > 140 MeV): 3.39 - 107° [1] o S
_ Br,messuement(m  >140 MeV): (2.91 + 0.34) - 10-2° [2]

signal

e-,e+

* My analysis:
- Br___(m__. > 140 MeV): (3.13 £ 0.12) - 10-®

signal e-,e

Signal Normalization Ratio
N 708+26.61 230419472+15180 | (3.073 +0.116) - 107°
Acc | 0.02837£0.00015 | 0.06300-£0.00008 2.22140.012
€ 0.9265+0.0069 0.9126+0.0017 0.9851+0.0076
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I Outlook

* Examining background contamination '
in sighal case (cca. 20 events [3] vs 708) —

* Analysis on bigger data



https://www.particlezoo.net/
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I Backup slides



https://www.particlezoo.net/

Parts of the NA62 Experiment



I KTAG

» Kaon-tagging vs proton
* PMTs

* Front-end readout
Flashed with N,




CEDAR

Differential Cherenkov
with KTAG

Chromatic correctors
+Mirrors 1

1.6m

N

2




Safe Volume

* For emergency cases:
leakage on beam pipe

- N, into CEDAR vs
mechanical wave
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o«

* GigaTracker: beam :

 Between dipoles

- 4 stations
* S| pixel

71725




I Collimator

« Rainbow :)
* Vs upstream
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CHANTI
 Charged ANTlcounter
 Hodoscope: scintillators

* Veto vs upstream




Y 10/25

| Volume

f the Fiduc

inning o

I Beg




LAVsS

* Vetoes against photons

* Leadglass scintillators




STRAW

* Spectrometer

- p of particle
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I Strong magnet for STRAW

* 0.9 Tm: horizontal momentum kick of 270 MeV/c

- 75 GeV/c beam deflected too, by -3.6 mrad

~ & .
i B P o 3

.
d

|
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I RICH

* Ring Imaging Cherenkov: Ne

* 3 of the charged particles
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l irc

* Intermediate
Ring
Calorimeter

 Photon-veto

* Pb / scintillator
Shashlyk |
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I LKr

EM calorimeter from NA48

e Accordeon Cu ribbon

-

» 9 m3 liquid Kr | R
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I MUV3 \§ |
* Extra iron before it k@ )

* Only muons

* Plastic scintillators



Y HASC, SAC

« HASC:

- Vs multitrack (zt > 50 GeV)
- Sampling calorimeter
« SAC ~ last LAV:

- Small angle calorimeter

- Photon veto
- Shashlyk
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About the theoretical background

LY & "

!

L ]

L’
—




Motivation of NA62: BSM Probes

r
‘ " Us |

» CKM (Wolfenstein) - unitarity triangle "~ /i«

‘ "; 1] ‘

- Area related to the amount of CPV 1= T
- (Semi)leptonic kaon decays: |V_|, [V, | ¥y  _#zow

b )\2 ﬂ N 44)\3
- K+ — TI:+ V V . _., e ( 2 ) !”'i["":rﬂ'z)
4 ) TN

 Inconsistency between /
channels of = 15 g

measurement: | - v LR
- Hint to BSM i 2 e
B Vi S i | B X v
B, = J/y K i B>.X,1"1
S l\icbl ‘ B, ig‘l
-2 A AN (p—in) E 4L ¥ 1K ———
Veku = ( - 1-— % AXE ¥+ O()\4) :----------------;,'-‘-'-_::Eé} E SRR I | £ Igld_i_@b_\_/;\_’____‘:“____
A1 —-p—in) —-AN L R (o Ko aee |
"""" , . e'/e
O | f’ L y L “r sy Lo |
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I Unitarity triangle _.

* Restriction on matrix elements by unitarity: Qe

-I- VM d -VHS Vub VL;:C d VC}I l/t:éi
1=Vckm - Vekm = Vea Ves Ve : Vis Vi Vi —

Via Vis Vi Vi Voo Vb

Ved V,jd + Vs V;s + Vi V;Tb Ved V;g + Ves VE’; + Ve V:E; Ved V;:g + Ves V;; + Vi sz
th V:ﬂ' + ViV,

s

( I’i;dV:d + HISVJS + Vubl’/:b ML‘}’E + VHSV;; + VubVCE Vudmz + Vs Vt: + VubeE ) 1
=10
+ ViV VaVi+VisVie+ VeV, ViV + VsV + Vi V), 0

o = O
_ o O
N————

* 3 angle per triangle
- 6 triangles vs same: 1 CPV complex phase
* Area of the triangle = CP violation

* Inconstistency in predictions in (g,7) plane —»
BSM

23 /25



I Unitarity triangle

* Tree-level: semi-leptonic K-, B-decays
- V.|, V.| IV, | &R, within SM

* Other measurement channels —» apex A on the plane

- Loop-induced decays & transitions
- CP violating B decays

| X 2 -
8 2 3
D.El :: Am Summer 14 )
Eﬁ“‘a y =
05 F4 3! \ B
| ,—' s2p<0
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0.4 | \ -
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0.2 o
01 \
. B \
— 24 /25
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