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CERN NA48/ NA62‘ experiments

Earlier: NA31

1997: €’/e: K +Kq

1998: K, +Kq

NA48< 1999: K +Ks  |KsHi

: discovery| [2000: K _only [ KsHI
; AW of direct

CPV | |2001: K, +Kq Ks HI

| NA48/1{ 2002: K¢/hyperons

2003: K*/K-

2004: K*/K-

p
| NA62 2007: Kfgo/K*,, |tests

R¢ phase

fh - ., 3 2008: Kig/Ke, | tests
a i “ A — N

2012: technical run

Kaon decay in flight experiments. NA62<
NAG62: currently ~200 participants, 29 institutions | |2014: 1t K">n*vv run
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Recent K* experiments at CERN

Experiment NA48/2 NAG2-Ry NAG2
(K%) (K%) (K*; planned)
Data taking period 2003-2004 | 2007-2008 | 2014-2017
Beam momentum, GeV/c 60 74 75
RMS momentum bite, GeV/c 2.2 1.4 0.8
Spectrometer thickness, X, 2.8% 2.8% 1.8%
Spectrometer P kick, MeV/c 120 265 270
M(K*—n*rn*n-) resolution, MeV/c? 1.7 1.2 0.8
K decays in fiducial volume 2x10%1 2x100 1.2x1013
Main trigger multi-track; et Koy T oo
Kt—>ntnOnO
N— ~— 7

The new NA62 detector:
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** hermetic photon veto.
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Same detector (NA48)

» beam spectrometer and kaon tagger;
» Improved mass reconstruction and particle identification;



NA48/2 and NA62 RK detector

2003-2008: charged kaon beams,
the NA48 detector

Narrow momentum band K* beams:
P.= 60 (74) GeV/c, 6P/Py ~ 1% (rms).

s Maximum K* decay rate ~100 kHz;
< NA48/2: six months in 2003-04;
“* NA62-R,: four months in 2007.

Principal subdetectors:

* Magnetic spectrometer (4 DCHs)
4 views/DCH: redundancy = efficiency;
op/p = 0.48% & 0.009%p [GeV/c] (in 2007)

% Scintillator hodoscope
Fast trigger, time measurement (150ps).

Helium tank
Drift chamber 3
Magnet

Drift chamber 2
Anti counter &

¢ Liquid Krypton EM calorimeter (LKr)
High granularity, quasi-homogeneous;
o/E = 3.2%/EY? @ 9%/E @ 0.42% [GeV];
6,=0,=4.2mm/EY2 @ 0.6mm (1.5mm@10GeV).

E. Goudzovski / Quy Nhon, 30 July 2014

Vacuum
beam pipe



R = N(K)/T(K,) in the SM

Lepton Universality test:

+ + 2 2 2\ 2
Re — I'K* — e*v) _mg (mig —mg )\ (1 4 sRudcorr.y
MK+ — p*r) m2 \mg —m?2 K
;Y_l & ~ J
A Radiative correction
Helicity suppression: f~10-5 (well known, few %)
sV se
. 4— —» 9
e K e s e, u’
*» SM: excellent sub-permille accuracy, N W
not obstructed by hadronic uncertainties. K and H59
“* Measurements of R, and R have long u vy
been considered as LU tests. e’
< Suppression of the SM contribution: R¢M = (2.477+0.001)x10->
potentially accessible NP contributions. Cirigliano and Rosell,

PRL99 (2007) 231801
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Ry = T'(Kep)/T'(K,,) beyond the SM

2HDM - tree level S A, e’
K* —I*v can proceed via charged Higgs H* . H+ Z 9

- _— + ¢ I ~
(in addition to W*) exchaqge K iows ™™o | B

—> Does not affect the ratio Ry = ‘e

\

2HDM - one-loop level (Sneutrino) v
Dominant contribution to R,: H* mediated Masiero, Paradisi and Petronzio,
LFV (rather than LFC) with emission of v, PRD 74 (2006) 011701,

: ) JHEP 0811 (2008) 042
- Ry enhancement can be experimentally accessible ( )

4 2 .
m 1 sensitive to
1+ K ( T) |IA13|%tan® B8] =— .
4 2 ! slepton mixin
(MHi ) M2 p g

s MSSM: ~1% effect possible
Girrbach and Nierste, arXiv:1202.4906

LFV . pSM

< However limited by B ,—p "~ measurements
Fonseca, Romao and Teixeira, EPJC 72 (2012) 2228

% Sensitive to SM extensions with 4t generation, sterile neutrinos
Lacker and Menzel, JHEP 1007 (2010) 006; Abada et al., JHEP 1302 (2013) 048 5
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NA62-R, data: K, sample

o Kep candidates | 71 T yo5| Koz Dackgrounds | | @ uon naie™ 4
10 " [— Data | = K* subsample YV Kowv
| Ko | N A Konv i —e)
[ K =ty (1 —e) 104 X K _evy(SD)
- | K—etvy (sDY) | - 0—0— 000 0—90—90—¢g_
10t |ElBeamnato | FR - @
§ [ I K*=nr%=v 3 B
- B K —ntnt 10 % )__J_H
N - m v
o - .S // —
PP S B e -~ 102 4\1\
10 <+
102k B
Tn Log Sce 1 | | |£0 | | | | 30 | | IL | 4t0 | | | | 50 I_.t | | IgO‘IV,I
epton momenium, evi/c
-0.06 -0.04 -0.02 0 n.glzfn i“?e.ﬁee%j?cﬁz)z Source B/(S+B)
K,z (5.64+0.20)%
145,958 K*—e*v candidates Ko (1€) (0.26+0.03)%
’ ' K., (SD 2.60+0.11)%
Background: B/(S+B)=(10.95+0.27)%. e (50) EO 2 09;0/2
- - e3(D) - -~
Electron ID efficiency: (99.28+0.05)%. Kou (0.12+0.06)%
Opposite sign K (0.04+0.02)%
Beam halo (2.11+0.09)% 6
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NA62-R, final result

= (2.488 + 0.010) x 10-°

R = (2.488 = 0.007,, = 0.007,,,) x 105

PLB719 (2013) 326

S 2I6;NA62 R vs lepton momentum
X253_— ............................................................................................................................................................. ..
X r 1
E256:_ .....................................................................................................................................................................
o -
'2254_ ................................................................................................................... . ......
gzsz: .................................................. { .....................................................................................................
2 u
3 25 ....................................................... * ....................................................................................................
%248 ? ) B ¢
=2.
246_ ..................................................................... t ............ . ............ :: ........................... T I——
244: ........................................................... § TSR W ————
2_42_ .....................................................................................................................................................................
- Integrated over data samefes
2.4 Y Y W
30 40 50 60
Lepton momentum, GeV/c
World average R,x10° Precision
PDG 2008 2.447+0.109 4.5%
2013 2.488+0.009 0.4%
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PDG 2008 +—— 72013 average
o Clark et al. (1972)
o Heard et al. (1975)
o Heintze et al. (1976)
KLOE (2009)
—Te— =PDG 2010
- NAG62 (2013)
SM
|IIlllll‘|IIII|IIII|IIII|II
2.3 2.4 2.5 2.6 2.7 2.8

R,x10°
NAG2 prospects:

improve precision by a factor ~2.
Competitor: TREK@J-PARC.



Minimum bias data: K*—n*yy

~120

“;:3 T —— Data

C CIK >atyy
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NA48/2: PLB730 (2014) 141

Specual runs
(66 hours)

004 045 05 . 085 06
M(m*yy), GeV/c
K., candidates 149
K., background 11.4+0.6
K, background 4.110.4
Ky Signal 134+12
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NAG2-R: PLB732 (2014) 65
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0.4 0.45 0.5 0.55 0.6
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K,y background 15.3£1.1
K5, background 2.1+0.3
Ky, Signal 215415
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ChPT description

50.357
8 LChPT O(I'4) &2
_E" 0.3_ + ......... ....... + ...........................................................
5 K——gn—yy
025__ .................... ................................................ .................... ........................ ............
02 ________________________________________________ _______________________ ______________________ ____________
0. 1 5 InacceSSIbIe ......................... ..................... ...................... ............
0 1: reg'on _________________________________________________________________________
0-05: 7 SRR ....................... ........................ .........
% 0.1 0.2 0.3 0.4 0.5
50.357 x10°2"
é Ch PT O(p6)
N D3 —_" c_z...:, ........................ —
© L
0.25)
0.2_
0.15[
0.05

00I - Il].1 0.2 . [].3I . Il].f‘-lI - Il].5I |
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D’Ambrosio, Portoles, PLB386 (1996) 403

_ (o + @) _ (mw)g y = P — @)

2 2
mi Mg mi

% Leading ChPT contribution at O(p?).

¢ Rate and spectrum determined by a
single “unknown’ parameter: C.

“* A number of fixed external inputs: Gg;
at O(p®), K, amplitude parameters and
“polynomial contributions™ n);.

“ Dominated by pion loop amplitude: cusp
at di-pion threshold z=(2m_/m,)?=0.32.

% ChPT O(p®): non-zero dI'/dz at z=0
and (weak) y-dependence of d?I'/dz/dy.
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NA48/2: PLB730 (2014) 141

Fits to ChPT description

od

ot —— Data

o N

; 25 ............................................................................ I:I K_ - ’E_'}"']"

E I K > ntrly

T CIK* S a*ra°
20 .............................................................

B.1 0.15 0.2 025 0.3 0.35 04 0.45 05 0.55

NA62-R,: PLB732 (2014) 65

od

< —— Data

CIFEE— e [

—;;35 [ K*Ssatyy
= = K* > ntn®
830 T = Y
i

i .
LK > ntnn®

ol |
8.1 0.15 0.2 025 0.3 0.35 0.4 045 0.5 0.55

Z
—> Data support the ChPT prediction of a cusp at di-pion threshold

and NA48/2 (120 K*—»n*ye*e~ candidates, PLB659 (2009) 493)
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syst

NA48/2 & NA62-R, combined measurement:
¢, = 1.7240.20,,+0.06

C; = 1.86+0.23,,,£0.11
Improved precision wrt BNL E787 (31 K*—n*yy candidates, PRL 79 (1997) 4079)

syst
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Model-independent BR(K*—mt*yy)

BR;x106
0.3 BR In z bins
- [-@-NA48/2 _
- |- NAG2 T Model-independent BR measurement
o5l Combined | e : : : . .
0 5: ~& ChPT O R In narrow z bins is possible:
- v’ acceptance in bins is almost
02__ ..................................................................................................... Independent Of the assumed dF/dZ;
N v weak y-dependence of the
015 from e, differential rate and acceptance.
01_ ................................ Final result With 349 events:
U 05 ............................................................................................................ BRM|(Z>O'2) -
' 1 | (0.965+0.061,+0.014,,)x10°
1 1 1 | | I I | 1L 1 1 1 | 1 1 1 1 | 1 1 1 | | I I | |
82 025 03 035 04 045 05 PLB 730 (2013) 141,
z PLB 732 (2014) 65
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Ko, decays: introduction

Five kinematic variables: S =(m_ )2, S, =(m,,)?, cos6_, cosf,, ®

+ ¢‘ e+
dipionAﬂ /\_Be \ dilepton [Cabibbo, Maksymowicz,

/ 7\\ / — \ PR137 (1965) B438]

Partial wave expansion and form factors [Pais, Treiman, PR168 (1968) 1858]

+ — +-— + 0_0_ =+ 00
K* 5 ntn etv (K, K- —=nmnmev (K,)
Fste"l‘SS—|—Jlﬂt.f-,.f_e":“jp cosO, + ...
GZGpeiég—l—...; H:Hpei5h+...

F = F,e%s

Fo=fi+fl@®+f'q* + 'S /4m2 + ... nt S-wave scattering lengths
can be extracted

@ r 2
A fp+f{’q2 T from variation of & with S_
Cp=0gp+9pq" + - [Ananthanarayan et al.,
Hy = by, +hyq® +...  vector Phys.Rep. 353 (2001) 207:
8(q*) =685 —3,. Colangelo, Gasser, Rusetsky,
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NA48/2: K*—nt%etv form factor

65.2K candidates, 1.0% background (from K*—n*rn°r0®, accidentals)

Form-factor measurement above 2m(n*) threshold Final results:
212 : CERN-PH-2014-145
o 4 F — / . 2 " . 4 ’S 4m2 [ : - - - ’
S | Fo = s T fo @ fo - @ FeSe/Amas =1 arXivi1406.4749,
;:f' T s e submitted to JHEP]
08 s + fi/fs = 0.149 +0.033 £ 0.014
005 [ ~10% deficit below = threshold | |¥s /fs = —0.070£0.039 & 0.013
R in M(n°7°): compatible with fi/fs = 0.113 + 0.022 + 0.007
0.9 | | final state nt re-scattering _
0_85 T T i T T i T T i T T : T T i T T i T T i T T i T 1T i T T EVIdence for Se-dependence Of FS
0O 01 02 03 04 05 06 07 08 09
g q’ = Sg/4ml. — 1
5 8 -/ » of .
e .if/_f.f _ff/fs_
0.02 4 K~ 0.16 3 0.16 3
-0.04 3 )< EPJC70(2010)635 -14 7 0.14
-0.06 00 : 0.12 5 0.12 4
0.08 K_, TR 0.1 0.1 3
01 3 0.08 S 0.08 H
012 3 0.06 @® 0.06 -
014 4 68% CL contours 0.04 0.04 -
008 01 012 014 0716 018 02 022 "04 045 02 015 04 005 o0
fal Is fal Is /fs 13
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BR(K*—>n*n-e*v) and f,

BR measured with respect to normalisation mode: K*—>m*n'n .
1.13M candidates, 0.6% background (from Kft—>rtr*n, Kt>n*nl, (n°))

Final result: [PLB 715 (2012) 105]

BR(Kf>m'n-etv) = (4.257  0.004,,, + 0.016, + 0.031,,,) x 105
Cf. PDG 2012: BR = (4.09+0.10)x10-5
5
BRx10° 2003 S 2004
4.34 -
4.3—f ¥ BT IRRERRERE: JAF - SARERRRN |
4.96 _:/ A 1/ ; A~ e, A /K
] - z % % % X A,
4_22_: ...... Q. .Y e e LT -
4.18{
| IRREERTRTERTEES - o ./s:/flﬁ// o -  total
4-14 T I|I III| 1T 1 T ||I II|IIII| 1T T 1 |||II|II II|II
1 2 3 4

Data sam?ole
BR(Kfsnrnetv) = 1, (| V,If)? X 3 - absolute f, measurement.

Results:  |VIf;=1.285 £ 0.001,,* 0.004,,+ 0.005,,,
fs=5.705 £ 0.003,,+ 0.017,,, + 0.031,, 14
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BR(K*—n"n"%e*v) and f

BR measured with respect to normalisation mode: K*—n*rOrP.

Final result: [CERN-PH-2014-145, arXiv:1406.4749]
BR(K:—nn%etv) = (2.552 + 0.010,,,, + 0.010,,, + 0.032,,,) x 105

syst —
Cf. PDG 2012: BR = (2.2+0.4)x10°5

e 2004

BRx10° 2003
2.7 ]

71 E—

2_45 _II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II

T T | T T
1 2 3 4 5 6 7 8 9 10
Data sample

BR(Kf—=n’nletv) = 1, (V| f.)? x I = absolute f, measurement.

Neglecting EM corrections,
|V, ]f.=1.369 £ 0.003,,,%+ 0.006
f,=6.079£0.012,,,+ 0.027

+ 0.009

syst —

+ 0.046

syst —

ext

ext 15
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Summary

“* NA48/2 (2003-2004): a multi-purpose K* experiment.

v K* physics at a new precision level (17 peer-reviewed papers so far);
v Further analyses of rare/forbidden K*, n° decays in progress.

“ NAG62-R, (2007-2008): minimum bias electron trigger.

v’ Lepton Universality test at record 0.4% precision:
BR(K*—>e*v)/BR(Kt—>ptv) = (2.488%0.010)x10~>;
v further rare decay analyses completed or in progress.

¢ Recent results presented:
lepton universality test, K*—»n*yy and K*—nre*v decays.
More results are coming soon.
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Spares
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NA48/2: K*f—>nr*rte*v form factors

wn i
S _ 4
iy 1.15 ] .
[]T 1.1
e’ T
1.05
1
0.95 e
o 01 02 03 04 05 06 07 08 09 1
2 2
q° = Sx/4m ;. — 1
m 115
G:I .
U= 1.1
. |
SR _‘T//f/’//
— 4 t
1 —
0.95 T e T
0 005 01 015 02 025 0.3 035 04 045
2
Se/4Am3
fiifs 0.152 £ 0.007qy + 0.005 4y
;r}"fs = _0.0?3 ﬂ:{].m?stat :I: 0.00653:51
fiifs — 0.068 + 0.00640a + 0.0075yst
fpjfs = _0.048 ﬂ:{].m3sta[ :I: 0.00453:51
gpffs — 0.868 :l:O.Dl(:IstaL :l: U.Dlﬁs}'sl
g/ fs — 0.089 +0.017 g + 0.0134
hp/fs = —0.398 £ 0.01 555 £ 0.0084ys
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Final NA48/2 results [EPJC70 (2010) 635]
1.13M candidates, 0.6% background

(from Kfsntntn-, Kf>ntnl, (nY))

2
ag

-0.01
-0.02

-0.03

-0.05

-0.06

s-wave pion scattering lengths

NA48/2 combined Ke4 + Cusp f DIRAC

(stat. + syst.) errors
68% CL contour
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