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NAG62 experimen

Idea for the experiment NAG62 first technical run
A Letter of intent A
Proposal Today
First test run
Approval of NA62 V., @10%

5 X & L QO
Q Q Q Q N\
DX S S NN

Data taking for R,
measurement

Ka% Eﬁ%‘i‘&m&{;‘m Detector and infrastructure

design and construction

RK phase of the NA62 experiment uses NA48 beam and detector
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QOverview

NAG2 early phase

— R . measurement

— ChPT tests with K* — w*yy

NAG2 golden channel: K* — n*vv
Experimental setup

* NAG2 physics reach

« Conclusion
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e
Ke2: Motivation

Within the Standard Model:

. | 2
. u, B LM — eve(y)) _ m? (m3, —m? L+ SR
M , 5 5 5 1 0Lvp
B S T = (7)) m2 \md—m2
K+

+

8RM arises from the radiative corrections, M=rn*,K*
V. Cirigliano, I. Rosell, Phys.Rev.Lett.99:231801,2007

For K*: R =(2.477 £0.001) * 10°

PDG'08| |4—— March'09 average
Clark (1972)

Heard (1975)

Heintze (1976) Experimental error on R :

—ot e, 0o more than order of magnitude
—e rminsn oo gt larger than the theoretical

KLOE (2007)

& preliminary (obsolete)

KLOE (2009
- final resul(t )

M
Ll I Ll Ll | 1 ] D | | ﬁ 11l | - ] I Ll Ll I Ll Ll I Ll
22 23 24 25 26 27 R2.81 o
.
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Ke2: Motivation

Within the Standard Model:

DM = evely) — mg [ mi —m; : (1+6R )
) --- . DM - wu(y)) m2 2 M

2
my; —m;

R = (2.477 £ 0.001) * 10°

me m%
RV ~ R%M[l + (M{f)( 2)|A%1|2tan63}

H/ \IM,
A. Masiero et al. Phys.Rev. D74 (2006) 011701
- The value of R, could be different in case of SUSY and LFV
models — the correction could be as high as %

« Measurement of R, at with sub per cent precision tests the p-e
universality and provides a sensible test of the SM
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Using NA48/2 beam and detector setup

Kaon beam momentum

Increased magnet current
74 GeV 1.4 GeV gnet U
TAX 17 TAX 18 Yoot E E
FDFD collimator DCH1 =
Defining Protecting
collimators collimator 5
i Cleaning
Decay volume
)
g
400 Ge‘ﬁ = ty
protonse==/3 1| 1.\ — — — - /[ B _\ . e r——
Target : z beam pipe
-
1 g
E
=
i Y.
K_
DFDF
FRONT-END ACHROMAT Quadmpﬂ: " Clz{nl;loMM -— - R 10cm
1cm[' madny | L I"““‘ Spectromeler 1 cocter
0 50 1000 * 200 250 m
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Detector setup

» Magnetic spectrometer

J-veto counters -~ — —
\h

D C H Liquid krypten
4 drift chambers calorimeter o

p, “ =265 MeVi/c
Ap/p = 0.48% @ 0.009%*p [GeV/c]
 Hodoscope
a(t) = 150 ps
« Liquid Krypton Calorimeter %
AE/E & 3.2%/NE ® 9%/E ® 0.42% Ve e

« Hadron Calorimeter, Muon
counters, Anticounters, Kaon
Beam Spectrometer

10 m

Beam direction
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Even lection

- E; 0.06— Data
10° _—NA62 ----------------------- = [ Electron mass hypothesis
~[ = Data € 0.04—
_ |l K > ptv : %E -
T Ko ptv (pfet) 0.02—
- I K*>etvy (SDY) ; :
10 ] Beam halo [ o
L Kfonlety : i
- [ K> ntn® 0.02
L KEsetv 00 20 a0 a0 50 80 70
0] 4= so0o] NAB2 8 ety candidas
: it 8000 B aechirincd g
L 7000; V.\ —l- Beam halo x5
| - O o—0-
102 o oA 6000 —.\0—
- 5000 \
4000
006 -004 -002 0 002 004 0.0 : 4\1\
M%rnlss(e)! (‘-"'eVlcsz)2 3000F 4\ /ﬂ \\
. . /
« Reconstructed ~150k Ke2 candidates 2000; o b4 '
o 1000 1 e
— Background contribution: (10.95+ 0.27)% ] 1
ot ¥ 30 40 50 80

* Dominated by Ku2
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P racti

1 N(Ke) — Np(Ke2)

_ A(B’Hg) _ S X E(ffﬂ_g) _ 1

R

N(K.,) K, event candidates
N (K.,) Background in Ki2
f Lepton ID efficiency

f Global LKr efficiency

LKr

€K, K, trigger efficiency

AK)) K, accceptance

D Downscaling of Ku2 trigger

Systematic effect AR, *10°
Ku2 background 0.004
Ke3 and K2r background 0.003
Matter composition 0.002
Beam halo 0.002
Ke2y (SD+) background 0.002

wn

o
-—
X

X
X556
o

2]
et
C
Qo
=
Q
e
-]
0
©
Q
=

B 5 | *'?\T(I{,u.‘_?) — Np (I{,UQ) 4‘4(}{€2> fe X E(I{EQ} SLKr

2.6
2.58

PLB 719 (2013) 326

2.54
2.52—-

2.5
2.48
2.46

»
—

2.44

242
Integrated over data samples
2.4 | | | | | | | | | | | | | | | | | | | | | | | |

20 30 40 50 60
Lepton momentum, GeV/c

NAG62 result: R =(2.488 & 0.007stat £ 0.007syst) * 10°
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Results

PDG 2008 “+— 2013 average = N ‘ 2HDM-I:!
- ‘ﬁ ') R=2.488(9)x10
. Clark et al. (1972)
o Heard et al. (1975)
o5
Heintze et al. (1976) L3
& o .
|
KLOE (2009) o |
—Té— = PDG 2010 al
NAG62 Rg: 95% CL excluis::on
full data set 1 &13 =1x 10
| . sM | | | B A=1x10"
1 ll Ill R Ll L1 1 L |IIII|IIII|IIIIIIIIIIIIIIIIII!IIIIIlIIII|IIII
23 24 25 26 27 2.8 % 0.1 02 03 0.4 05 06 0.7 0.8 09 1

Rycx 10° H" mass, TeV/c?

- Combined result: R, =(2.488 + 0.009) * 10°

compatible with the SM prediction
« Still order of magnitude bigger error than the SM:

NAG62 might be able to achieve 0.2%
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hPT : K—

« Dependence on a single a priori unknown parameter ¢ at O(p*) and O(p®

1 2
B (O (17 - o) ]

Tt = S pole contribution
Mk M loop contribution loop O(p®)

.35¢ 5 5 5 g g 50.35
2

dl*/dz, Ge\g
=]
w

0.3 TR S— -

dl'/dz, G

0-25_ .................... ......................... 0-25

0.2

0.2

0.15 0.15

0.1

0.05

- . | 1 1 1 - ; 1 | | 1 | | 1 | | | | |
0.1 0.2 0.3 0.4 0.5 , % 0.1 0.2 0.3 0.4 0.5
r4
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hPT

: K—

« BNL E787: 31 candidates PRL79 (1997) 4079
*  NA48/2: 2004, 149 candidates, ~11% background, Phys. Lett. B730 (2014) 141

- NAG62: 2007 data, downscaled trigger — 232 candidates, ~7% background,

40

—120

5 0.3

L —— Data -

> T | @ NA48/2 | phys. Lett. B732 (2014) 65

2 CIK >y - |- NAG2 4 (2014)

E'I 00 I:I Ki_)ninﬂ-},' - 0.25— Combinedﬁ ...........................................................................................

E ] Ki.—)ni'n”ﬂ:” |74 ChPT Of -

c : I

2 80 e e — Y — s . NQ— —
60  [HE 0.15:_ _______________________________________________________________________________________________________________

20

1 | | | | 1 | | |
0 0.4 0.45

cut at z = 0.2 due to K*—-nr*rn% background

16.06.2014

05 0.55 0,6

0.1

0.05

i)

2 0.25 0.3 0.35 0.4 0.45 0.5
M(r*yy), GeV/ic Z
BR(K:>ayY),,, .0, = (0.965 £ 0.061_,, £ 0.014_ )*10*
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hPT : K—

* NAG2 results: « Combined NA48/2+NAG2 results:
O(p*): €=1.93% 0.26%t + 0.08syst O(p?): €=1.72%20.20__ * 0. 06

stat
O(p®): €=210%0.28 018,  O(p° ) £=1.86%0.23_ +0, 11

stat

o = 2
235 .......................................................................... —- Data . +|§: k
> K S mtyy ? 1.8F
= B K* - n*nly Lqal
DA e o . =1.6
LﬁSO CIK*>n*n’n® e
o5 ><1.-€|-_
é 1.21
20 .............................................. 1:
(Es]™ T — — 08:
0.6F
10 ....................... -
0.4F
> 0.2 . |
N | U:|||i|||i|||i|||i|||i|||
B.1 015 0.2 025 0.3 035 04 045 0.5 0.55 -8 -6 -4 -2 0 2
z

ﬂ)_p.

* Not enough statistics for clear discrimination between O(p*) and O(p®)
* Assuming O(p°®): BR(Ki—m:i'ry)I°6 =(1.003 £ 0.051__, + 0.024_ )*10°

syst
16.06.2014 Venelin Kozhuharov, QCD@work 2014 14



mailto:QCD@work
mailto:QCD@work

d |14 v

), ., )
Br (K+ - Wﬂ/?(f}f)) = K (1+ Agy) (H;JXI) +
A=V
A =V* V k. - hadronic matrix element Charmbqu_ark
h=V* V_ measured from semileptonic decays contribution

* Very clean theoretically — short distance contribution is dominant
« Charm loop under control

« Standard Model prediction:

Br (K*—>n*vv) = (7.81 £ 0.80)*10"
Brod, Gorbahn, Stamou, Phys. Rev. D, 034030 (2011)

(0,0) (1,0) P,
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K*—>rtyy status

Phys. Rev. D, 79 (2009), p. 092004 Straub, arXiv:1012.3893

= E787/E949 1

L This analysis
[ A E949-PNNI
-V E787-PNN2
. E787-PNNI

3
w»

Range (cm)
3

w
o

w
o
I

25 | ! -

|
10'° x BR(K, — mOvi)

20 | ; ]

15 i g

10 :u..I....I....I....I....I....I....I....I....I....

50 60 70 80 90 100 110 120 130 140 150
Energy (MeV)

1019 x BR(KT — wtui)
e E949 result based on 7 events:
Br (K'—nvv) = (1.73"%_ .

« K*—mtvv sensitive to NP contribution

)*10°  (~two times SM)

NA62 @ CERN SPS aims to collect O(100) K*—>n*vv events and
perform a 10 % measurement of Vtd

16.06.2014 Venelin Kozhuharov, QCD@work 2014

16



mailto:QCD@work
mailto:QCD@work

5 ,E% 02 K'>an(y)
-|:§0A13;
0,16;
0.145—
o2 K lﬂ'!‘j
0,13— |
n.oaf— "i‘. E
006 -
0.04:— ‘;.“ o Region Il
measured quantities | - u\aﬁ_’f_‘-mm_,aw)
) . i ':l—F-"'f'._JI... coalllss o foo ol K' sttt
* Single observable decay product in the final =& @@ o o ow ew o o o
state J P—
+  92% of the background is with closed & .
kinematics: define 2 signal regions Ll
10‘3é—
] 04;—
Event selection TE
Kinematics reconstruction o
Particle identification 10t
Particle vetoing . TR A dioeon o
-0.04 0.02 0 0.02 0.04 0.06 0.08 0.1 0.12
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e
Experimental setup

400 GeV protons from SPS Veto
3x10" protons/pulse Photons and Muons

Kaon momentum: 75 +1 GeV

Hadron Beam

nt Identification

800 MHz Kaon N M
/ e an
" o S — BRE
Kaon identification W )
U J
~ STRAW
Fiducial Region 65m Tracker cop IRC SAC
. J
\
Total Length 270m

Unseparated hadron beam: kaon component 6%
Expected 4.5*10" kaon decays per year
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CHOD  Liquid Krypton
calorimeter

RICH Muon
- veto

SAC

6TK2 e
«  Momentum resolution: o(p,)/p,~ 0.2% + Spectrometer in vacuum
« Straw tubes: 4 chambers, 4 views/

* Angular resolution: 16 prad chamber, 4 staggered layers/view

* 200 pm sensor + 300 um chip «  Momentum resolution
<0.5% X0 s(p)/p ~ 0.3% @ 0.007%*p(GeV/c)
» Time resolution ~200 ps/station « 2 views operated during TR

Resolution on M2miss ~0.001 GeV?/¢?
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8 x PMT

Charged anti counter

Grgafracker

CEDAR with 3.6bar H,

100 ps time resolution
Tests during TR
— alignment
pressure scans

16.06.2014

Mirror Mosaic
(17 m Focal Lenath)

RICH
n/u separation up to 35 GeV
Full length prototype tested
¢ half radius
e 2 x 1000 PMT 18 mm pixel
size
e Nhits ~ 17/event
e Time resolution: ~ 70 ps

[NIM A 621, 2010]
Venelin Kozhuharov, QCD@work 2014

MUV/HAC
iron scintillator sandwitch
n/u separation & trigger

20
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CHOD

SAC and IRCv
— shashlyk type detectors
— FADC RO

e 12 stations in vacuum
e Angles from 8.5 to 50 mrad
e Lead glass from OPAL

8 built, 2 operated

LKr
during Technical run

Using the NA48 EM callorimeter
Inefficiency for E >10GeV n<8*10°
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total flux; 4.5x1012

Events/year
45
)
1
_ <1
- i s 2 .' | K* >1r*mretv + 3trk <1
- Start of data taking in October K™ -y (IB) 1.5
— Reduced intensity K* -u*vy (IB) 0.5
« Nominal beam intensity 2015 - 2017 K* —»ml%e(u)*v negligible
2100 K* —mr'*vv events before LS2 Total background <10

16.06.2014 Venelin Kozhuharov, QCD@work 2014 22
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NAG62: kaon rar

Charged kaon flux _ ..
e — * Excellent particle veto efficiency

 Excellent momentum resolution

sy
A~}

Kaon flux
[

L Particle ID efficiency
- High kaon flux

iy
o
|
[ J

Improving kaon measurements:

- Mode Present Expected
| I R 0.4% 0.2%

2 e Lo ..................... ..................... ............................... K* vy <500 events | 10°events
I R K'ominle'v | 66000 0(10¢)

[pMLE777 | BMLEre7 | |BNLEsss | BuLEsss| [ISTRA| [KLOE | |kekesro| [NA48/2] | NAB2 |
Kf*—-n’n’uv 66000 0(10°)

MI2 decays:
> 0.5% measurement of R®, =I'(Ke2)/l'(Tre2) sensitive to new physics
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NAG2 robe for New Physi

Mode Physics 90% CL present limit NA62
K'—r'u'e LFV 1.3*10" 10-'2/10-2
K'—mue’ LFV 5.2*10-1° 10-2/10-®
K'—mp'e’ LNV 5*10-1° 10-2/10"3
Kr—ne*e* LNV 6.4*10-1° 10-12
K'—nprp’ LNV 1.1¥10° 10-'2/10-
Kt*—u-ve*e* LFV/LNV 2*10-8 1012
Kf—evuru* LFV/LNV No data 10-12
Kr*—ntX° New particle 5.9"10"m =0 10-12
K¥*—mhyy New particle - 10-12
K*->n'ntev AS #AQ 1.2*108 10"
Kf—>mrrnrev AS #AQ 1.2*108 10"
Kr—mty Angular momentum 2.3*10° 10-12
K'—pv,, v,.—vy Heavy neutrino m(v,) up to 350 MeV

16.06.2014
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» High statistics kaon studies provide a very challenging
opportunity to search for physics beyond the Standard Model

« Result from NA62 2007/2008 data taking presented

 NAG2 experiment is in its final construction phase preparing
for data taking in October

* 10% measurement of Br(K*—n*vv) waits behind the corner
 NAG2 is the present laboratory for charged kaon physics
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