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K physics im the new millenium

A new generation of high statistics kaon experiments
have been in operation during the last decade.
Variety of experimental techniques: decay -in-flight, f factory, stopped K.
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Significant progress in many fields in the last years:

ADirect CP violation (U"')7 U

APrecision determination of |V ;

APrecision tests of the Chiral Perturbation Theory;

A Searches for Lepton Flavor Violation; _

A Searches for New Physics in very rare decays }Th's izl

7 \
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Earlier: NA31
1997 : ed & K +K ¢

1998 : K +K ¢

(NA48 { [1999: KK |koHi
SN discovery
” of direct | 12000 : K_only |KgHI
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“““““““
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2001 : K +Ks [KsHI

\
NA48/1 { 2002 : Kg/hyperons
2003 : K*/K'f
MANA4S/2 <
2004 : K*/K'T

2007 : K° /K ° o |tests

NAG62 3

(R phase)\
NAG62: Birmingham, Bristol, CERN, Dubna, Fairfax, Ferrara, Florence, Frascati,

Glasgow, IHEP Protvino, INR Moscow, Liverpool, Louvainla-Neuve,
Mainz, Merced, Naples, Perugia, Pisa, Rome |, Rome II, Saclay, NAG62 | |
San Luis Potos2, SLAC, Sofia, TRROWufst dptataking
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2008 : K’,/K °p |tests

(2007 i 2013 :
design & construction
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Charged kaon beams since 2003

Narrow momentum band K ° beams:

P.= 60 (74) GeVic, dP./P (RMS) ~ 1%.
ANA48/2: six months in 2003-04;

ANAG2 (R, phase): four months in 2007.

Principal subdetectors:

AMagnetic spectrometer (4 DCHs):

4 views/DCH: redundancy ¥ efficiency;

Ap/ip =072+ D2V p* pGESEV) ¢h(’RDQDD7)
AHodoscope

fast tngger, precise time measurement (150ps).

ALiquid Krypton EM calorimeter (LKr)

High granularity, quasi-homogeneous;
SeflE = BDUWEV2Z + DHFE+0012204GERY ];

8,=5,=42mmER + QHmm (U Snm@10GeV).
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Leptonic kaon decays
(K*- 1*n)




L LLeptonic meson decays:: P*—I*R

Angular momentum conservation A SM contribution is suppressed

G2 MpM?2 M2\ 2
NPt - i1tv)=F P ‘(1 *‘) Io|Vaarl?

_ s
87 M3 K+ W
Models with 2 Higgs doublets (2HDMII including SUSY): and H* ?
u

sizeable charged Higgs () exchange contributions.

PPt —wiu)): [1_ (Mp)2 tan? 5 ]

2| (for P=p, K, B)

Hou, PRD48 (1993) 2342;
Isidori, Paradisi, PLB639 (2006) 499

FSM(P:E%EZI:I/ My 14+ eptan

numerical examples for M ,=500GeV/c?, tanb = 40

p*- In: D @Gy °© T2(my/my)2my/(m+my) tanb © 12310
K- In: D@, °i12(mJ/m,)?tan?b °©70.3%
€ obstructed by hadrgpnic un

o
0
TTTT

H® exchange in B *- t*n: UTfit; PLB687 (2010) 61

BaBar+Belle: Br,,(B- t J*(1.64°0.34)*10'
(HFAG, August 2010)

Standard Model: Brg,(B- t J=(0.79 °0.08)3 10'4
(UTfit, M.Bona, EPS 2011) B

-4
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Ky Sensitivity to msaw [pihysics

Flavianet Kaon WG, EPJC69 (2010) 399

+  +
: . — @
Comparison of |V | determined from s » M
helicity-suppressedK , decays vs Kt W
helicity allowed K decays and H* ?
- average from nuclear b decays,u VvV Vv
To reduce uncertainties of e’
hadronic and EM corrections to K, : PRCT9 (2009)255502
—1 4 \
R (fK/fw) ( Vs fK) |Vud|()-l- —0+ | tanb vs H* mass exclusion|
u23 —
f+(0) Vud| [fx 02 Vus|f+(0)]es
\ ) J \. )80
Y Y Y
Lattice QCD Measured Measured
Input with K, o/ Prp with K- p m neo
SM expectation: R ,; = 1.
Charged Higgs mediated currents lead to 40 Excluded by R
2 2 W 95% CL -
~ M+ tan /6 u 6728% cL
R,LLZS ~ |1 — D) 20
mi+ 1 +€gtan s o
Experiment: R ,; = 0.999(7) , limited by lattice QCD input. 2°|04+ mass [GeV/Zg; -
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R=K../K ., in the SM

Lepton Flavour Universality (LFU). not a fundamental law (violated in n sector).
New physics models 2HDM, SUSYSM4): significant LFU violation.

Observable sensitive to LFU violation:

2
INK*E —-e*r) m?2 [/m2 — m? ] _
Rk = : — € . 5 e . (1 L rjRI];é"d'CUH')

[(K* — p*v) m2 \mi —m? N )
T Radiative correction
Helicity suppression: f~10 5 (well known, few %)
sV se
O <— —> O 5 et u”
W Kt et o "
A SM prediction: excellent sub-permille accuracy: and H* ?
free of hadronic uncertainties. u
V.,V
AMeasurements of R, (and R)) have long 29
been considered as tests of LFU. RSM = (2.477 °0.001)3 10'5

ANP contributions accessible experimentally PRL99 (2007) 231801
due to the suppression of the SM value 3
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i R=K../K , beyond the SM

2HDM 1 tree level (including SUSY)

PRD 74 (2006) 011701,
JHEP 0811 (2008) 042

K, can proceed via exchange of
charged Higgs H" instead of W
A Does not affect the ratio Ry (:..;g:," . LA B

2HDM 1 _one-loo p_level

Dominant contribution to R.: H mediated

LEV (rather than LFQ with emission of n,

A R enhancement can be experimentally accessible

4 2
() (22) et
H*E = ﬂ

uniquely sensitive
to slepton mixing

LFV . 1»SM

~1% effect in large tanb regime with a massive H’

Example: D,;=53%10"4, tanb=40, M ;=500 GeV/c?
lead to RMSSM= R SM1+0.013).
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(Sneutn no)

A ~tan®b, cf B~ nin?;
A Possibly the first evidence

for the charged Higgs boson.

Large effects in B decays
due to (Mg/M,)4~104

B./B; A ~50% enhancement;

B./B: /A enhanced by
~one order of magnitude .

Out of reach: BrSMB,,)° 10" 11




Radiative K*-—>e*nyprocess

R. is inclusive of IB radiation by definition.
SD: significant background. INT: negligible.

A g
1B g,, - SD 7\ ot
K* K*
ne ne

SD*: positive g helicity SD': negative g helicity

S, S, S, S,
Pn <€ ; ® > >»Pe Pr€ > ® > > Pe
Py <€ — — > Dy
Sy Sq

SD radiation is not helicity suppressed.
KLOE measurement of the form factor leads to
BR(SD, full phase space) = (1.37 °0.06)3 10'°,

(EPJC64 (2009) 627)

B/(S+B) = (2.60 °0.11)%
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Measurementt strategy

(1) K.,/K,, candidates are collected concurrently:

A no kaon flux measurement; several systematic effects cancel at first order
(e.g. reconstruction/trigger efficiencies, time -dependent effects).

(2) Counting experiment, independently in 10 lepton momentum bins
(owing to strong momentum dependence of backgrounds and event topology)

R o L. N TN AK ® i oK) 1
K~ D' N(Ky) T N (sz) AlKe) 3 o3 eKep) i

J 1 { J

prescaling of numbers of particle ID eff LKr readout efficiency
K. trigger background events (measured) (measured)

numbers of selected geometric trigger eff MC simulations used

K, candidates acceptance (measured) o 3 limited extent
correction

(3) Data-driven beam halo background subtraction:
A Alternating K'/K beams (K*: 66%, K': 7%, simultaneous. 27%);
A K' only sample used to measure background in K sample & vice versa.
11
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Kez VS

K,p selection

Large common _part (topological similarity) % 0.06-  |Missing mass vs lepton momentum|
- | | . .
Aone reconstructed track (lepton candidate); __é_" 0.04- Positron massphi/gzgmg\s;/i
Ageometrical acceptance cuts; 8 “
AK decay vertex: closest approach = |
i . 0.02—
of lepton track & nominal kaon axis; -
Aveto extra LKr energy deposition clusters; - Koo
Atrack momentum: 13GeV/c<p<65GeV/c. -(data
Kinematic identification 0027  fpoor separati
0 10 20 30 40 20 60 70
missing mass Miws = (Px — P)? Track momentum (GeV/c)
104 | og scale Data

Pk . average measured with K;, decays
A Sufficient K /K, separation at p,,.,<30GeV/c 1¢

. L o
Lepton identification 1

E/p = (LKr energy deposit/track momentum).
(0.90 to 0.95)<E/p<1.10 for electrons, 1¢°
E/p<O 85 for muons.

A Powerful m suppression ine” sample (~106)
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‘L Ky background in K, sample

Main back ground source

Muon O6catastrophi cd en

emission of energetic bremsstrahlung photons.

P~ 3310'° (and momentum-dependent).
P./Ry~10%:

K., decays represent amajor background

Direct measurementof P

Pb wall (9.2X,) in front of LKr: suppression of
~10"4 positron contamination due to m - e decay.

K., candidates, track traversing Pb, p>30GeV/c,
E/p>0.95: positron contamination <10'8,

P.. is modified by the Pb wall:

HOD(V)
Thickness:
Width:

Height:
Area:

Duration;

HOD(H)

9.2X, (Pb+Fe)
240cm (=HOD size)
18cm (=3 counters)
~20% of HOD area
~50% of R , runs

A lonization losses in Pb (low p);
A \premsstrahlung in Pb (high p).

1[

The correction f,, =P /P " is evaluated
with a dedicated Geant4-based simulation
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4 data samples with different
background conditions:
K*(Pb), K*(noPb),

Ki (Pb), Ki (noPb).

13




Muon

P.. vs momentum (Pb WaII mstalled)

an=5.5 § -
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Result: B/(S+B) = (5.64 °0.20)%

Uncertainty is ~3 times smaller than
the one obtained solely from simulation
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mis-identification

Correction for Pb fpb—P ML

—
-
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MC preC|S|on
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Uncertainties:

limited control data sample (0.16%),

MC correction df 5, (0.12%),

M? s VS Py COrrelation (0.08%).

Stability checks: 14

vs lower E/p cut, upper HOD energy deposit.




Ke, Sample

i : : ﬁ Backarounds |.... -2 K:—m:v candidates
1 05 :_NA62 ..................... ..................... ............ I<e2 Candldates 9000 | 5 g : e K+—>].L+V X5+ )
F| " Data gooorexample: K*(noPh) | == K -uv (n -7 x50
C [ Kty : : - == K'e*vy (SD*) x5
- ([ Ko spv (u' e : == Beam halo x5

B K*—efvy (SDY) |:
Bl Beam halo T |
[ K*snety : 6000
B K*—nen® : b

o 5000

TUGU ........... ..................... ........................... ........................... ........................... ........... !

4000
3000
2000

1000

10%;

Log scale 0 %0 =5
- Lepton momentum, GeV/c
-0.06 -0.04 -0.02 0 u"l']ulzﬁ, iss&ﬁﬁ&ﬂg}z Source B/(S+B)
Koo (5.64°0.20)%
145,958 K°- e’n candidates. Ky (M-¢e) (0.26°0.03)%
Background: B/(S+B)=(10.95 °0.27)%. Keog (SD) (2.60°0.11)%
Electron ID efficiency: (99.28  °0.05) %. Keam) (0.18°0.09)%
Konmy (0.12°0.06)%
cf KLOE: 13.8K candidates, Wrong sign K (0.04°0.02)%
~90% electron ID efficiency, 16% background Beam halo (2.11°0.09)% 15
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K,m candidates

“NAG2 —~— Data

- K —rtpty

B [ K srtgtg
1 A TS NS S S R IS — | K -t

= : |l Beam halo

C [ K —utv
1 05 :_ ..................................................................................................................................
104 E_ .........................................

-0.08-0.06-0.04-0.02 0 0.02 D.l}% 0.06 0.08 D.;z
M. (1), (GeVic?)
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e i n |

epton n

=8~ K'-p*v candidates
== Beam halo x10

olp - NAG2

"""""""""""""""""""""""""""""""""""""""

IIII—'—

20 30 40 50 60
Lepton momentum, GeV/c

42.817M candidates (pre -scaled trigger).
B/(S+B) = (0.50 °0.01)%,
background dominated by beam halo.
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The result (fwll NA62 data set)

R¢ = (488 & 0.007,, & 0.007) % 105

New result;

= (488 & 0.010) % 105 Wy 2=
Fit over 40 measurements (4 data samples x 10 momentum bins)
including correlations: c?/ndf=47/39 .
Uncertainty source dR3 10°
Rk vs lepton momentum |—— Ry vs data sample |siatistical 0.007
:_ ............................................................................................................................................................. e e sz background 0004
............................................................................................................................................................. K°_ e°n QSDJr) 0.002
................................................................................................................... . K°_ p0e°n’ K°_ p° pO 0003
{ ..................................................................................................... Beam halo background 0002
....................................................... | S - Helium purity 0.003
» :f R 4 Acceptance correction  0.002
________________________________________________________________________________________________ | . DCH alignment 0.001
_________________________________________________________________________ Electron identification  0.001
1TRK trigger efficiency 0.001
. 42 ______ - _______ . ______ l______ ______ I mteglramwerldataSampfes P —— o oo

20 30 40 50 60 i
Lepton momentum, Gevic Data sample Total uncertainty 0.010

NAG2 partial (40%) data set result: R ,=(2.487 ND.013)310%® [PLB698 (2011) 105]

E. Goudzovski / PhiPsi 11 / Novosibirsk, 22 September 2011

17



PDG
2010

World average dR.3 10° Precision
PDG 2008 2.447°0.109 4.5%
July 2011 2.488°0.009 0.4%
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2HDM-II
90 R, =2.488(9)x10
80
70
60
50
40
30
20 Rk: 95% CL exclusion
M AL,=1x10"°
10 b- sg Bl A,=5x10"

excluded B A.=1x10"

IIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
00 01 02 03 04 0.5 0.6 0.7 0.8 0.9

1

H" mass, TeV/c?

Other limits on 2HDM -II:
PRD 82 (2010) 073012.

SM with 4 generations:

JHEP 1007 (2010) 006. 18



