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NA62: measurement of K* . 1t* vy~ )

e Very clean theoretical prediction, sensitive to V,,, veryL/
sensitive to new physics (if measured at level of 10%.— “=*
~100 events)

e BR(K*—Tt* W) = (8.0 +1.1) x 10 -1* SM @ NLO

e E787/949: BR(K' =10 W) = 1.73, . %101 (7 events)
(Phys.Rev.Lett. 101:191802,2008)
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The RICH o)
* Main background +

K'—p'v (BR ~63%)
+ Rejection ~4x107%%/
- Kinematics ~8x10°-

- Vetoes ~10°

Arblfrary Units
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Perugia /‘)
2 x 1000 PM The RICH INFN

(schematic view) C ...

di Fisica Nucleare

Fused Silica

PM —

[
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mm

.- NINO HPTDC

(Time Over Threshold)
*  Mirror:

— Focal length f~17m

'~ Hexagonal segments
1m diameter by
MARCON

— 2cm thick glass

- D, <4mm
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. nm.  Prototype 100 (Fall 2007) .

- Time resolution
— Hits multiplicity

 Features:

- Mirror: ®=50cm, thickness=2.5cm,
f=17.01m

- 96 PM (Hamamatsu R-7400)=> Bias on g__ - RE.

* Detector setup: s

— Test PM and Front-End (NINO based) Ll _ ' I'
+ Beam: v dof
96.2% T, 3.0% K, 0.8% p @200GeV

NAG62
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Test Beam Results

e Performance:

- Time resolution ~65ps
- 6, _~ 50prad (bias)

Number of Rich PMs Fired |
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Entries 3266473

Mean 16.8
RMS 3m
Undarflow o
Overflow o
Integral 3.266e+06
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NIM A 593(2008) 314-318
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RUN 2104 - Tine Resolution |

- Track Angular resolution
~100prad

(@N|

NASZ Hit PM multiplicity ~ 17

Perugia

INFN

Istituto Nazionale
di Fisica Nucleare
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RingRadius
Entries 3264498
F Mean 189.3
10° RMS 1.558
E Underflow 165
F Overflow 329
10°E Intagral  3.259a+06
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I
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RingCenter
Entries 3264498
Mean x 0.2155
Mean y 0.401
RMS x 1.744
RMS y 1.764
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Test Beam Results et
(details) L/'S.“::;‘.‘:a":ﬁs.zz';

e Comparison between PMs: -
R7400-U03/R7400-U06 | -
Chosen
e Single PM time resolution R7400-U03
e Robustness tests:

- Neon contamination up to 1%
- Temperature variations
- No relevant effect

[ RUN 2104 - Time wrt Average |

Elastic . —
Scattering of
1PEonilst
dynode*
*Hamamatsu .
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‘ Perugia /‘)
T;::;;:;:;'z;;:gt Test Beam Results N
(further details: IEEE TNS vol. 56 no. 3, June 2009) (
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* Cherenkov relate
performance
reproduced

» Higher order effects:

- could be tuned better

- PM's secondary
emission not
_reproducible

gmteCarIo
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Perugia q

Prototype 400

Test scheduled for October 2008
Postponed to May 2009 (LHC accident)

> Nazionale
ca Nucleare

PM holder
Endcap (Cones)
Cooling
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TELL1 preliminary test ")

Slew Corr Time Difference - Ch 167 - Ch 98 | | TCorrDiffSel167_098

* ~400 PMs installed in ~ ~f » "’“ s
the PM holder :::: ;“*f:,w 2;;?:;;*32

» Full FE electronics "t
assembly L CAEN

 Laser arranged to pulse . . _J, o

a" the PMS at Once | Slew Corr Time Difference - Ch 150 -Ch 98 | ;I'ntt:mnffs |15|:|1n3:332
* Time resolution - | = =

measurements using =

1000

both CAEN TDCs (test «:
2007) and TELL1 -

NAG62

See G. Lamanna talk o “Jk —
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“ Au

-'I- b

pn ﬂ‘ test of the
(414PM) for Tt-JA separatlo

*h ajlnal detector should be ready for 2011

il







Hamamatsu R7400U PMT
— diameter 16 mm
— lenght 16 mm
— photocatode diameter 8 mm
— 8 stages
— Max HV 1000 V
— Gain@800V -~ 5-7 x 10°
— A peak ~ 420 ns
— L.t.s. 280 ps
Used:
* R7400-U03: Bialkali, UV glass
* R7400-U06: Bialkali, quartz

NA62 0'1100 200 300 400 S00 600 TFOO 800
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Perugia /)
INFN

Efficiency Co

di Fisica Nucleare

| RUN 2104 - PMs Hit Efficiency vs PM type |
2 0.9

Q = ] ue3
T P " E
PM “Efficiency” 0 0.3 e
— 4 UDB noace
i 0.7
photoelectrons per PM = - - ‘
0.6 .
= - J
05— .« °
Effect of Cuts I L T
ic.m- ) .n:.:a . e 0t ‘..« . ..“‘.,n‘,. . e
A, => 0 Hits (Prob O 7% BET AR TN Al S
I - | S ro J 0_2:_ ] 3 . A o
= PO R ., . .
0.4 L .o o
oF- .
| NumbarOf RiCh PMS Fimd | NRiChFirEd E| L1 | L1l | L1l | L1l | L1l | L1l | | | | L1l | L1l | L1l
Entries 155744 0% 10 20 30 40 50 60 70 80 90 100
- Maan 14.15 PM number
10* Mean 17-5 RMS 5.707
Underflow o Cut / Run Standard Dx Dx Dy Dy
Overflow 0 (2104) +500 +100 +500 +1000
10° = Integral  1.557e+05 . 0]
= 1 Trigger .985 .985 985 .984 .984
C Trig Time Wind .996 .996 996  .996 .996
= Nrich 2-35 @
L ; in 10ns .996 .927 .884  .925 .885
10
é_ =4 PMin 1ns .984 .820 .259 .795 .255
C (Ring fit)
1 .
Elllllllllllllllll |-||-||-|||-|||||-|||||I||||I||||I|||| GOOdet '999 .999 .988 .999 .986
NAG62 T Final .891 .745 222 .721  .218
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Accidental Rates
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Perugia /)
INFN

Istituto Nazionale
di Fisica Nucleare

All Channels Raw Hits Time Respect to Trigger Hit 1" Indf= 55322994
po 6.879 = 0.048
_ pl 6.403e+04 = 253
= p2 -12.64 = 0.00
1 02 C p3 0.6444 = 0.0019
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NAG62

Ring Fit

Perugia /)
INFN

ututu Nazionale

di Fisica Nucleare

[ Positrons - Ring Radius Fit | Single PM Likelihood | * :: E:::::::: (eriTie])
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Peak ) o
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Region” removed:

Geometry/Fit artifact
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Mirror Movements C o

® errOr Orlentatlon | Mirror Reference Frame |
reproducibility £
);;lndf _11-3:289!6 :El]l]:—
3 Y een mf_
= IIIIIIIIIIIIIIII -100?—
« Rotation angle gL
petween Mirror and 30856200 100" 0 " F00" -
PMs XY reference i

(080°)
NA62
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Perugia /‘)
Robustness Tests INFN

| Event Time Resolution |

* Temperature i  —
No visible effect on L
“Cerenkov side”

un 2120 {Neon contaminated) 63 ps

— Run 2121 (Warm flange) 64 ps

—— Run 2123 {Standard after warming) 64 ps

un 2126 {Graundless) 64 ps

[ PM Multiplicity |

Run 2121 Warm rula -
Run 2120 Neon c:018 [

Run 2123 Standard tem

2,

1 | 1 1 1 1 |
25 3
RMS Event Time [ns]

Neither on Time
Resolution

[

2

2 =
='_IIII| IIIIIIII| IIIIIIII| IIIIIIII| T T T

-
o

—

NAG6.

1 1 11 1 1 11 1 1 1 11 1 1 11 1 1 1 | | I 1 111 | 1 111 I | 111
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Number of Rich Fired
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Robustness Tests (2) Co.

Neon
Contamination

(N, 0.5%+0.5%)

Ring Radius

10° &

10° =

10° &

ﬂfuw

1?{] 175 180 185 190 195 200 205 210
Radius [mm)]
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Test Optics

Laser Fiber

Perugia /7
INFN

uwtitutu Nazionale

di Fisica Nucleare

Intensity
profile

Optical filter
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(I(R=0)-I(R=Rmax)lJ10%) A blt dlfferent from flnal flange
NA62
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NAG62

Perugia /7
INFN

Within O 1° Flanges Co..

from axis

max O 3mm gap
without loosing
efficiency

22mm
b-—-----1

7.5mm

U7mm gap

(040% loss)
Perugia Lab RICH TestBeam
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Analog signal parametrization | INFN

5
5 1

0.8

AT=26 \‘2 Ln{%} (1)

Threshold

5 T= (4 - \‘2 Ln{q—":}}

0.6

O = const

0.4
Signal Region %21 ndf 5.714 /3
po -10.57 + 0.2502
p1 -130.3 + 0.01397
e 3ns p2 0.3776 = 0.01095
p3 08233+ 0
) AW W AT Ve o
-3 -4 - )
Ol b Lo L o b b Lo by L Ly |
NA62 138 136 134 -132 -130 -128 -126 -124 -122 -120 -118 -116
ns
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Perugia /)
INFN

Single PE measurements (...

di Fisica Nucleare

Gain[{Q’ 900V Gain[10°
0 2 4 6 8 10 (g 0 5 10 15 20 [30 ]
snu : T T | T T T | T T T | T T T I T T T I T T T I 500 : T T 1 T I T T 1 T | T T 1 T | 1 T 1 T | 1 T 1 T | 1 T 1 T | 1
450 - HChargeFitC1 450
i Entries 999844 i HChargeFitC2
4004+ Mean 0.009167 4001 Uo03 Entries 999594
350l Uuo4 RMS 0.02182 350kt Mean 0.0262
: 72 I ndf 195.7/179 i RMS 0.06375
3001 b 4.423+0.121 3004 22 | ndf 353.2/ 283
: g |:| 4 105 c 0.07073+ 0.00049 i g I:l 106 b 4.718 £ 0.101
250 - norm 5.966 = 0.082 250 [ c 0.1645 + 0.0009
slope -408.6+7.4 : norm 12.93 + 0.13
200 - const  2.752e+05+ 28927 200 slope 1325+ 3.1
const 2626 + 153.9
150 1501+
100 100}
501 50F-
E L — J B 1 1 1 1 | 1 I h k h h
% ] ] 0.2 % 0.1 0.2 0.3 0.4 0.5
| Single PE Spectrum | Charge [pC] | Single PE Spectrum | Charge [pC]

NAG2 f(g)=—=5
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Perugia

Time resolution understandings, sy

Laser s s
specs +

[ Time Vs Time Width -Ch4 | TE'":‘“‘"'““"':;::; | Slewing corrected Time Vs Time Width - Ch 4 CE"':I"'“""""“‘“;;‘::;
niries Ll niries
- Mean x 14.39 e | aStI C - B Mean x 14.39
£ Mean y 3172 s Meany  0.00378
E -26 — RMS x 0.9224 E C RMS x 0.9224
E = i RMS y 0.3878 - a— RMS y 0.2032
= - ; Intogral 2.337.& tt g n L Integral  2.337e+04
- | | - mgLatiering ot g B
o -28— i - i 023367 4 D 023367 4
e R o nlst E o2 o 4] o
5 i : g yno eg C
= -30_— ;C e SN = Dj
32— 2
- _4 —
34 C
L v L
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) 2 4 6 8 10 12 14 16 18 20 1] 2 4 18 20
Time Width [ns] Time Width [ns]
Slewing corrected Time - Ch 4 CorrTime04 Slewing corrected Time - Ch 4 CorrTime04
Entries 23493 Entries 23493
F Mean 0.002566 100 = o oP2566
F RMS 0.2813 [ RMS 2813
1600 F Underflow 0 80 _ Underflow 0
- Overflow 1] I Overflow a
1400? Integral 2.336e+04 80 Integral 2.33pe+04
C 32/ ndf B.456 / B 70 %2 | ndf B.456 /8
1200 Constant 1703 + 19.4 3 Constant 1703} 19.4
C Mean -0.06602 + 0.00166 60 Mean -0.06602 + 0.§0166
1000— Sigma 0.1137 + 0.0024 : Sigma 0.1137 + 0024
C 50
800 st §
; 1% dynode «f
600 — 5
= 30 -
4001~ P E 20f-
200 J 1o
62 |2(| I ok Iz - : <
‘ u A Time - Trigger Time [ns] Time - Trigger Time [ns]
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Time resolution for 0(1 2) PE [N

Istituto Nazionale

Time-Ch 4 Time04 | Slewing corrected Time - Ch 4 CorrTime04 di Fisica Nucleare
Entries 23493 Entries 23493
1000— Mean -31.71 E Mean 0.002566
L RMS 0.3832 - RMS 0.2813
L Underflow 0 1600 C Underflow 0
- Overflow 1} = Overflow 0
800— Integral 2.337e+04 1400 — Integral 2.336e+04
I~ %2 I ndf 13.13/12 - ¥2 I ndf 8.456/8
C Constant 994.4+ 118 1200 — Constant 1703+ 19.4
600 — Mean -31.86 = 0.01 C Mean -0.06602 + 0.00166
B Sigma 0.1994  0.0071 1000— Sigma 0.1137 + 0.0024
i 800
0] FWHM [ -
- 600 —
470ps w.  FWHM 0O 270ps
- 200— ’J
C R R ! | TR T B T R 0 E [ T R B SR I i (N T R R
%4 33 32 31 30 29 28 '3 2 ] 0 I
Time - Trigger Time [ns] Time - Trigger Time [ns]

Electronics Contribution
0 120ps

@.@25 [

B.@15 [

— Suggested Working Voltage
900-950V

B.885 [

L L L L L L
Saa E:-TE] oo LT E-T-T-] 188 11@@

Antonino Sergi - TIPP09 - 2009-03-14 27




Time resolution for O(1-2) PE INFN

ulutu Nazionale
eS u S di Fisica Nucleare

Single Photoelectron Time Resolution @ 900V htemp
_ Entries 100
R7400-03 TTS Histogram L
B g o 201 51 Mean  298.8
L RMS 44.65
7 L:lil:r?:[rﬁ:‘ l:;;.:::;m;hil;‘;;t}ini[:i:ﬁ’l?::sﬁs}hulg this information. - : U ﬁderﬂﬂ'ﬁ' ﬂ
4— Overflow 0
6 -
_ B Integral 100
g, B
g 3
4 — -
v i
L i \
5 R
2 — 2 ~
1 i | R
0 1 B
=210 - 220 - 230 - 2400 - 2500 - &0 -0 -280 -0 -300 =310 :
TTS (FWHM) at single pe [ps] L
HAMAMATSU PHOTONICS K.K. Electron Tube Diwls-i!\ n _20|u . L L 250 L . . . 30|0 L L L 350 40|0 L
FWHM [ps]

NAG62
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Entries

UUUUUUUUU

nnnnnnn

= * Channel by channel
T  Needs very clean

e v O t © t o o
o> © 6 6 6 &6 6 6 o ©o m
ST T T[T T T[T 2

E ]

iInput signal

e Galn estimate
accuracy U 10%

* Pulse height estimate

without further
electronics
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Winston’s cones Con.

~—e
Easy m

|
Mylar —
(refl1 80%)

e If d<3mm U 0% Lost

e |n tests d=7mm U
40% Lost

* |n the prototype
d<2mm

e Gain should be [ 5

e Seen [J 3 In tests
(compatible with 40%
Lost)
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