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K*® p*nn Motivation

One of the Golden Modes for
study of the CKM matrix and
CP violation. The rate can be
calculated precisely from
fundamental SM parameters
(~8%), and any deviation in
the measured rate will be a
clear signal for new physics.

FCNC, hard GIM suppression

No long distance contribution

Hadronic Matrix element from Ke3/isospin
NLO QCD calculation of c-quark cont.
B(K*® p*nn) = (0.8+0.1)" 1010

hep-ph/0405132
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Unitarity Triangle

v Ve Ve Va [= . 1 —A2/2 AN
CKM™ i i . ‘
Ve Ve Mg AN —B—#g) —A) 1
(P ‘?'j'J Four super-clean processes
£y Process Experiments
L
:} Bd e ;';,E B(K*T — n7ve) ET87/E9%49, FNAL-E921
&
5 S & = B(K{ — n"vz)  KOPIO, E391a
-~ * fa ¥ -
= s L\ 3 A(B — J/¢YK2) BaBar, Belle
w HL—"TTDE-"F i\ e ZF violating decay rate asymmeiry
f AMg, /[AMg, CDF, DO, LHCh, BTeV
‘}" q}f ﬁ ratic of mixing frequencies of By and By mesons
=
Aeb P

Perhaps the most incisive test of the SM pictureof CP violationisto
verify b, =b, from A(B,;® J/g EL) & B(K ® 8'i1)/B(K*® o*ii)
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Y. Grossman @ FNAL Proton Driver Workshop 10/7/04

Why 1s K — 7w so clean?

The general problems with hadronic decays are:

# Hadronic matrix elements <« Isospin
#® Long distance effects < Neutrinos

Therefore the K — nvi decays are very interesting

#® Exclusive hadronic decays that we can calculate in the
SM and its extensions

® The measured rates are sensitive to fundamental
parameters

Y. Grossman K — mvv inand beyond the SM  Fermilab, 10/7/04 —p.6
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K*® p*nn Motivation (cont)

" Motivation for, and interest in, K*® p*nn remains high

Princeton HEP Seminar 12/8/04

PLB530(2002)108: K*® p*™nn, Arising star on the stage of flavor physics
JHEPO05(2003)053: Shedding Light on the Dark Sde' of B-mixing... K® pnn

NPB660(2003)225: The Impact of Universal Extra Dimensions on the Unitarity
Triangle and Rare K and B Decays

NPB697(2004)133: Anatomy of Prominent B and K Decays and Sgnatures of
CP Violating New Physics in the Electroweak Penguin Sector

hep-ph/0402191: Waiting for Clear Sgnals of New Physicsin B and K Decays
hep-ph/0404229: K*® p*nn and FCNC from non-universal Z' Bosons
hep-ph/0405132: Waiting for Precise Measurements of K*® p*nn and K, ® p°nn
hep-ph/0407021: Constraints on New Physics from K® pnn

hep-ph/0407216: K® pnn from standard to new physics

hep-ph/0408125: K, ® pPnnin Little Higgs model

PLB588(2004)74. Lepton Flavor Mixing and K® pnn Decays

hep-ph/0408142: K*® p*nn and K, ® p°nn Decays in the General MSSMV
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K*® p*nn Beyond the Standard M odel

®" New Physicsislikely to affect K's and B’ s differently
K*® p*nn K, ® p°nn

SM (7.8+1.2) 101t |(3.0+0.6)" 101
(hep-ph/0405132)
MFV 19.1" 104 0.9 10
(hep-ph/0310208)
EEWP (7.5+2.1) 1011 |(3.1+1.0) 101
(NPB697:133)
EDSQ 15" 1011 10" 10°1L
(hep-ph/0407021)
MSSM 40" 1014 50" 10t
(hep-ph/0408142)
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Enhanced Electroweak Penquins: Buras SUSY 04

I Implications for K' - n'vv and K, — m°vv |I

Br(K® —»n'vv) =(7.8+1.2) 10" ==p

ﬁ Br(K, — n°vVv)_ =(3.0+0.6)-107"" =

Strong Violation
of
the "Golden" Relation

Buchalla, AJB (94)

i

* Saturation of the

model -independent
Grossman-MNir bound

1]

Here:

Enhancement of
|X| compensated
by destructive

(7.5+x2.1)-107"" <=

"top-charm™
interference
(3.1+1.0)-107"°
SM: (sin2B)__ =(sin 23)‘;@ B}{ =B — 0.
tere: [—(0.6970-33) = 0.74 + 0.05 X =[x]| e
Sinzﬂ-x B){ =110°

Br(K, > n°vv)=<4.4 Br(K'"™ — t'vVv)

Br(K,_ — 11:“\.:?)
Br (K" — wvv)

= 4.4 sin®(By)=4.21+0.2

BR(KT — 77wy}

--------------------------------

e

e 1:3{10_,_:,,-;—553‘7""

® "  GNbound

T

F949 result
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G. Isidori at the SPSC Villars Meeting 9/28/04

> Precision studies of rare decays can (slightly) improve our knowledge of
the CKM matrix but their main interest is in probing the flavour structure

of new physics:

Rare processes mediated by

4. = q.+7, o, w

Flavor Changing Neutral Currents 9; 9
are the ideal candidates
g+ - (7)
no SM tree-level contribution -

strong suppression — within the SM — by CKM hierarchy

calculable with high precision within the SM if dominated
by short-distance dynamics [key point]

' N

precise determination of flavor

enhanced sensitivity to
| the flavour structure of |

mixing within the SM hvsics bevond the SM
POYSICS DEVONd tNe »IvE
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G. lIsidori at the SPSC Villars Meeting 9/28/04

Neutrino modes:

Hadronic matrix element of the leading operator directly extracted from Kj3

No sizable long distance corrections [only Z-penguin & W-box = hard GIM
suppression effective also for the leading 1.d. terms]|

Dominant uncertainty from the perturbative charm contribution [NNLO corr. |
+ subleading long distance terms [power-suppressed higher-dim. operators |

K* —mw | BRKHSM = C [V, |*[(p-p.)? + (61)?] = (8.0+1.0)- 1011

if we could decrease the
error at the 10% level... = 42

i
BR(K*+)eXp = (1.4?;‘3{)- 10"

0.4
+10% —pm

08% 95 %

0z

The situation could become
quite interesting... 02
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G. Isidori at the SPSC Villars Meeting 9/28/04

Th. error < 10% decreasing SM contrib.
>
b—s (~A%) b—d (~X) s—d (~X)
AF=2box [AMy AqByK) (BMIASBSWD) | AV, (&)
AF=1 Bj—nk, By—-nK, By—mt B—pm e’ e,
4-quark box -@”J(Bd }DKD... ApplBg—mm) Arp(K—=3m)
gluon ]3.\: TR, B —mm
decrea-| penguin Ap(Bg—0K)j ... App(Bg—m, ... e
sing
- v ByX D BaoXey)| Ba—oXal'r Ba—oXapf K, —nrT
SM penguin By—nK, B,—KK, ... | Bj—mwt B,—nk, ... e le. .
conrib. 7° By—X 1) Beoutn | Bg—oX gl Bgoutp | K =1 K| —ndw
penguin By—nK, B,—KK, ... | By—nK, B,—KK
HO. K g—=nr
¥ penguin “
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= exp. error < 10%

(= exp. error ~ 30-50%

Steve Kettell, BNL

10



CERN SPSC: M. Mangano at Villars 9/28/04
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|s K*® p*nn Interesting?

" Cessation of DOE funding for E949 operations

. . Evaluation — The subpanel was impressed with the excellent work of the
| P5 rej eCtI On Of CK M proponents on the design of the experiment and their successtul prototyping
results, CKM is an elegant world-class experiment, which would be able to
produce important physics results, However, the committee assigns it a
lower priority than the BTeV experiment. The main reason is that BTeV has
a much broader physics program at a comparable cost.
Suggestions Based on Prioritization — The present Fermilab plan calls for a
similar funding profile and time-line for BTeV and CKM construction, with
both starting to take data around 2009. The P35 Subpanel believes that this
plan 1s likely to be too ambitious given the need to optimize the physics
from the Tevatron Collider, as well as the desire to have BTeV completed
promptly. Based on curreni budgefary models, P5 does not recommend
proceeding with CKM,

® Should one conclude that K*® p*nn is not important?
Or anecessary component of the study of flavor physics
and CP violation?

® AreB’s (Babar, Belle, LHC-b and BTeV) and
K, ® p°nn (KOPIO, E391) sufficient?
® Cannot test by = by, without K*® p*nn

Princeton HEP Seminar 12/8/04 Steve Kettell, BNL



WorIdW| de Overwevv of K® pnn -
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= E/87: completed (1988-98); discovered 2 K*® p*nn events (DAR)

= E£949: 2002 run; approved but not funded for 50 more weeks...(DAR)
" CKM: FNAL scientific approval; P5 says no (separated DIF)

= PO40: EOI at FNAL for unseparated DIF

= LOI'sJPARC L-04 (DAR) and CERN NA48-3 (unseparated DIF)

= E391aamsfor 0.01-0.1 K, ® p°nn events. E391b LOI for 1000 events
= KOPIO construction start in 2005, aim for 40 K; ® p°nn events

Princeton HEP Seminar 12/8/04 13
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PRL 88, 041803 (200

{ @.

1995 Event ___ —

» E787 K*™® p™nn events -

28 January 2002

Volume %5, Number 4

R (em)

2 |
L ] - e ot e e—
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Branching Ratio :
B(K*® p'nn) =157+ x 1010 || 5. 198Event| ;

. i 0-82 Tine {ns] -3 I‘i;uel{iils.:ﬁ 2 25 14
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Outline of K*® p*nn Experimental Method

" Problem: 3-body decay (2 missingn’s); BR<1010
® Event signature = single K*in, single p* out

® Basic concepts
® Precise and redundant measurement of kinematics
e.g. Energy (E) / Momentum (P) / Range (R) Primary signal
* PID: p-medecay chain and/or PIR, P/V,... [region
* Hermetic veto detectors (g) N
= Major backgrounds

o« K*™>nTn (Br=63%)
 Kinematics (monochromatic)
 PID: pt/mt

e K*>p'p° (Br=21%) | .
* Kinematics (monochromatic) i, 5

miotT [O5E)
N
w0 {
(o j
\!

Arbitrary Units

Photon veto I8 \ /;’”

° - . .;__.
* Scattered beam particles /
/ape |
° K+ p+ .-.' .__.-' |-'_.-"'- - »
P Sl .Il. I"";ﬁfﬁl ke, |

0] 20 100 120 200 2530 300
Mormentumn (MeV /c)

nN
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TRIUMEMUAMBGI anada -~ imaemes

V.V. Anisimovsky!,A.V. Artamonov?, B. Bassalleck?, B. Bhuyan?,
E.W. Blackmore®, D.A. Bryman®, S. Chen®, I-H. Chiang?, |.-A. Christidi’,

P.S. Cooper8, M.V. Diwan4, J.S. Frank?, T. Fujiwara®, J. Hu®, A.P. Ivashkin?,

D.E. Jaffe4, S. Kabel9, S.H. Kettell*, M.M. Khabibullin, A.N. Khotjantsev?,
P. Kitching!!, M. Kobayashi'?, T.K. Komatsubara'®, A. Konaka®,

A.P. Kozhevnikov?, Yu.G. Kudenko?, A. Kushnirenko?, L.G. Landsberg?,

B. Lewis3, K.K. Li4, L.S. Littenberg*, J.A. Macdonald®, J. Mildenberger®,
O.V. Mineev?, M. Miyajima??, K. Mizouchi®, V.A. Mukhin?, N. Muramatsu?3,
T. Nakano?®3, M. Nomachi'4, T. Nomura®, T. Numao®, V.F. Obraztsov?,

K. Omatal?, D.I. Patalakha?, S.V. Petrenko?, R. Poutissou®, E.J. Ramberg?,
G. Redlinger4, T. Sato19, T. Sekiguchil®, T. Shinkawa'®, R.C. Strand?,
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1. Institute for Nuclear Research (INR), 2. Institute for High Energy Physics (IHEP),
3. University of New Mexico (UNM), 4. Brookhaven National Laboratory (BNL),

5. TRIUMF, 6. University of British Columbia, 7. Stony Brook University,

8. Fermi National Accelerator Laboratory (FNAL),

9. Kyoto University, 10. High Energy Accelerator Research Organization (KEK),
11. Centre for Subatomic Research, University of Alberta, 12. Fukui University,

13. Research Center for Nuclear Physics (RCNP), Osaka University,

14. Osaka University, 15. National Defense Academy.

CP violation
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E949 Detector (1): Overview

CHES BARRSL T-VETO
Ph-GLASS COUNTER
T-COUNTER
BF-LINER
BARREL T=FETO
PHOTOTUBES
BARREL U-FETO
FPHOTOTUBES —
N oroTunEs
B4 COUNTERS (MODERNIZED)
COLLAR COUNTER T ey i
RANCE STaCK == _.__E__' = PHOTOTURES
FPHOTOTUBES ==
I-COUNTER
COLLAR COUNTER
e e =
i ] L e
7
J rr 25 =
| A
| é.!",_.l_. L —
HOLE COUNTER —/ TARGET
FPEOTOTUBES
MICROCOLLAR
CERENKDY COUNTER RANGE STACK
PHOTOTUBES
BEAM CHANBER 1 F-COUNTER
TARGET
BEAM CHAMBER 2 END CAP T-FETO
DRIFT CHANBER

Be) DECRADER —1

END CAP ¥-VETO

1
| - B

RANCE STACK CHAMBERS
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E949 Detector (2): Upgrades

® More protons from the AGS
® High duty factor, high stopping fraction at low |p|

" |mproved photon veto
® Especially important for pnn2
® |mproved tracking and energy resolution

" Higher rate capability from trigger, € ectronics,
DAQ upgrades (reduced deadtime)

18
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. - g i E-,__ : -.;'{rl . -.'E fffﬁf
Endcap ——N\ it ,Hﬂ i !fomm %

Dﬂllar-. l— 1T O | BVL
Kty ! \ Barrel Drift

Veto Chambe I F{SSC
Range Stack | Target

Side view (cutaway) End view (top half)
® 700 MeV/c K* beam (80%)
* Activetarget (scintillation fibers) to stop K+
* Wait at least 2nsfor K+ decay
® Drift chamber to measure p* momentum
* 19 layersof scintillator, Range Stack (RS) to measure E and R
* Stop p* inRS, waveform digitizer torecord ~ Sonet mne > el
p*-nt-e" decay chain New!
* Veto photons, charged tracks over 4p (BV/BVL/Endcap/...)

Princeton HEP Seminar 12/8/04 Steve Kettell, BNL
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Kinematics of K*® p*nn at rest

I
as ﬁl‘lnlr""'i
S.ID—‘ 1‘]“'1_11_.
[ ]
i
o
S
"':':I{J_z
< " beam events
1;:-._"—| |_| |_|

S0

(=] 10 20 30
Apparent K'Y decayw tlrﬂe (nSL')

Kp2 momentum, energy and range
E949 (yellow histogram) vs. E787 (circle)

| s=2.3MeV/c

'S EEI I N S

- _ Howbewdll same or even better resolution
Kz Momentum (MeVic) Kz Encrgy (Mel) EnZ Range (cmp in 2 X h|gher rate enVironment
Princeton HEP Seminar 12/8/04 20
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ldentify p*® nT® e* (TD)

e Transient Digitizers (TD’S) sample pulse=lier #  tpawean|  wiimer 8 Dowstremm
height every 2nsfor 2ns. i ad &
* p* stops in range stack scintillator | Al |
(2cm/layer) . .
° Fi+® nt n, Em:41 |\/|eV, IQm zlmmi E Lu_yEl-r 13I I_Ipr.gtrqqrn: : Layar 13-. Crownatraam
t.p_26ns _ E' ﬂ+ !“"
me®enn, Ee<53 Mev. m_2'2 ms T T &T—.a N S TR T &?—.;
Plots. pulse height (0-256) vs. time (-50- = e o
250ns) - ]
p*comes from inner layers and stopsin . & |
Layer 12, where it decaysto ant, which - = A - A
then decaysto an €' and propagates out to
| Layer 1 Upetrearm | | Loyer 11 Bownetrearn
Layer 14. I [ - g
& mﬁ_.,_nmmm':-inﬁ_unnnn
21
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Photog Veto

Jh““ K — : |
\'| it \{L/ 'tjt, P
! \K/ ARV
' 45 degree \)( ;

hIGLe\-___L BXL____—/\

—1 II —0.5 [IJ .S l 1
. cos_0a) (polar angle)
d" regection

Total Rejection Factor

* Rejection of K, background asa
function of acceptance for E787 and E949.
o * 2 better rgjection at nominal
acceptance (80%)

i i i i 1 1
0.3 0.4 0.5 0.6 07 08 09
Total Acceptance

_ _ 22
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Data Taking Conditions

e E787 collected N, ,=5.9" 10'?in 81 weeks over 5 years.
e E949 proposed N, =18" 10%2 in 60 weeks over 3 years.
e E949 collected N =1.8" 10%in 12 weeksin 2002,  cr/zois 1995-2002 oo eing smmon

e Beam conditions were not optimized: Al v e S ————
* broken separator — more p* less K+ ; ; /
» spare M.G. —lower p* mom., worse duty factor fm l
e Detector worked very well 200 | Fa
e Smooth data taking - /f /ms—-ww
E787 | E949 | E949 2 / / s
Prop. o m—ivi /f
AGSmom. GeV/c|255 |255 |21.9 a0 |
Beamintensity Tp|1535 |65 |70 L vt ||
Duty factor ~ %|41-55 |63 |41 L T T a1
K+/p* 374240 |30
N, 102|59 |18 |18

) ) 23
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Analysis Strategy

Signal region “the BOX”

AboveK* ® 8*8° region (PNN1) g’

Background sources gnﬁ
.

=

o

|dentify a priori. Identify at least 2 _
Independent cuts to target each background i

- K"® 8°8°

- Muon background (K™ ® nin(g)) w0 L

- Beam background

Analysis Strategy 35

e Blind Analysis
e Measure Background level with real data 30 |
e To avoid bias, '

1/3 of datap cut development

2/3 of data p  background measurement | Beam background
e Characterize backgrounds using back- _
ground functions i85 90 200210220 530 240 750
e Likelihood Analysis Momentum (MeV/c)
24
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Calculation of backgrounds

Hustration of Bifurcation Method T
if cut! cut2 _
looser uncorrelated, sl Tagwith g
AB=C/D | =t
signal region — A= EC/D »F
o A e e
'E)' E D B D Energy {(Me¥]
g =
o
fA]l € Al C
invert cut apply cut? . :
B+D events B events ‘_ Tag kinematics
outside pnn
box —in K
2
< 8| D bg = B/(R—1) ek
= BC,/D
Al C Al C
invert cut2 apply cutl .
G+D -E'I-"l.'-nts R = "G-I-D:I-’I'rc 180 200 214 220 3D
Momentum (Me¥/c) 25
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Background Characterization

Background can be characterized using background functions
For muon backgrounds
- K ,(tall) : Kge but rangeis small dueto interactionsin RS,

- K, (band): multibody K* ® m" decay (K™ ® mng, etc)

[N
i m TN :h ;1 2
o= ‘I:JV‘: \:‘I'rjj . \.-I-Ln :: ; .I . szridjr_“:w‘tﬂ.] T 52
Ry - Rug : ‘ Momentum(P) for p and m
rm S & u’ni'"113&"'zl':ﬁ'“z#ﬁ“'zéﬁ"':iﬁ;'z:?:;\?jg
— R 4 Changing cut position A
w] Layear 12 . W' ' 1 B
T A S Acceptance & background level
A R | ' e at each point of parameter
+ + - + + i ) B
p'® m ® e inthep [ MW L Functions y
stopping counter _ B
PRIng Neura net functionforP andm
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Final Sensitivity and Background
" Sengitivity

E787 E949
N, (10%2) 5.9 1.8 x 0.305
Acceptance (%) [0.20+002 |0.22+£0.02 x1.1
Sensitivity (101°) | 0.83 2.6 x 0.336
" Background
* 30% Iarger acceptance, Source E/87 E949
by enl arg| ng the s gna| sz 0.032 0.216 +£ 0.023
box to lower edge of K. 0.044 + 0.005
E/PIR space, Koogs - 0064 0.024 + 0.010
resulting in larger Beam | 0.050 0.014 + 0.003
Kp2 backgrounds Total 0.14 + 0.05 | 0.298 + 0.026

= All the cuts fixed and BG level estimated.
Check the BG estimate with the data

Princeton HEP Seminar 12/8/04 Steve Kettell, BNL
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® |_oosen cutsand look in M x N times larger box

Verify background prediction

* Two independent cuts for one background
» For ex., Photon Veto or TD(NN function), and KINematics

® Compare prediction and observed # of events

PV x KIN 10x 10 20x 20 20 x 50 50 x 50 50 x 100
Kp2 Observed 3 4 9 22 53

Predicted 1.1+ 0.18 49+0.6 124+ 1.3 31.1+ 31 62.4+5.6

TD x KIN 10x 10 20x 20 50 x 50 80 x 50 120 x 50
KnP Observed 0 1 12 16 25

Predicted 0.35+0.03 14+0.1 9.1+0.6 145+10 21.8+15

TD x KIN 10x 10 20x 20 50 x 20 80 x 20 80 x 40
Kmng | Observed 1 1 4 5 11

Predicted 0.31+0.09 1.3+ 04 3.2+10 52+22 104+ 28

" Now, how to calculate the BR?

Princeton HEP Seminar 12/8/04

Steve Kettell, BNL
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Likelithood method

" Thesignal regionisdivided into cells
by binning parameter space (g, P, R, TD, photon veto...)
* Once cuts are fixed, calculate BG level in each cell b; inside box
* Expected signal S from BR and calculated acceptance A,
S = BR (asafree parameter) x N X A,
" |Likelihood techniqueinsmall S, b, (1.qunk, Nim A434, 435 (99))
* Ratio of two Poisson probabilities (S+B or B only)

® Estimator defined as

x(BR) = &P T (s)" /e (b)

® q TR O exp’ (1+—)

(d. =# of observed candidate in the cell)

»When maximum X(BR), the central value of the BR

29
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Open the Box

® Rangevs. Energy after all
other cuts are applied

" Box shows signal region
® Single candidate in the box

&
=)
|

Range {cm)
2
[

Y
P
|

B
L=
|

Details 2 [
Momentum (MeV/c) 227.3 -
Range (cm) 39.2
Energy (MeV) 128.9 Y R R
K*->p+ decay time (ns) | 4.3 Energy (MeV)
p*->nt decay time(ns) | 6.2
nt->e" decay time (ns) | 1370
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The 3" K*® p*nn candidate

120) 1
bt ]
NE
60 3
A0
30

0 ~ -
0 20 40 60 B0 1000 120

Time (na)

L1 L
= e e
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Branching ratio & Confidence level

e E949 result alone;
Br(K*® p*nn) =0.96"¢% 10" (68%CL)

e Combine E787 and E949 results
Br(K*® p'nim) =1.47t2" 10"
PRL 93, 031801 (2004)

(68%CL) o

E/87 E949
N, (10%) 5.9 1.8
Candidate E/87/A | E/87/C | E949A i | é
S/b 50 7 0.9 ‘9-‘-"5 1996 2000 2002 2004 2006 '22;’:;;
W=S/(S+b) | 0.98 0.88 0.48 E949(02) = combined E787& E949.
BG Prob. 0.006 0.02 0.07 E949 projection with full runn(l ?gog\),verele izl)
32
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Impact on Unitary Triangle

= Contour inr -h plane

Green arcs indicate

this K*>p*™nn result
(including theoretical uncertainties) |-

Central value <i> e R Centr(z)aflf\:ﬁ:eu?sw
68% interval - e > Need more data!
90% interval ——— —

. _ 33
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PNN2 analysis

" More phase space than pnnl . —
" Lesslossfrom p*N interactions e

" Probe K*® p*nn spectrum

* Main background is K*® p*p®withp*
scatter in target — loss of R and P with
photons aimed at weak part of detector

Arbitrary Units

??Wﬁ%

1/ /
il

i 4|
o a0 00 B0 200 250 AD0O

e
e

5
[l |
=
a0
30
___o«*"“ FIBEER TARGET :
Py 2o
&~ {
-."-"P |
o
’~ 10
i I i i i - i i
Faon Hit Fibers 120 440 180 B0 200 230 240 280 280
Gamma 2 P (Mev/<)

. _ 34
Princeton HEP Seminar 12/8/04 Steve Kettell, BNL



PNN2 analysis (2)
e Goal: sengitivity equal to PNN1, b= 1P
2~ acceptanceand 5° rgection

 Improved PV: new detectors at small angles

 Improved algorithmsto identify 6* scattersin target

Total Rejection Factor

T ————— =1

[
BeO / B4 \\ Target ppy
A Drift Chamher

Total Acceptance 35



PNNZ2 analysis (3)

E787 Result:

1996: PL B537, 211 (2002)
1997: PR D70, 037102 (2004)

140<p,<195 MeV/c

1 candidate event

Expected background of 1.22 +/- 0.24 events
BR(K*® p*nn)<22x 101

Background limited, with S/N<0.2

E/87 Data:

= E949 datais being worked on now — improved photon veto
r?' ection will improve the limit and may allow observation
of K*® p*nn signal.

) ) 36
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K*® p*

Other Physics

%(and K*® p*g)

emng—the—Box

= 45
I
L 425 - i
= - ; - Range(cm) and Energy(MeV)
2 40 L plot after all cuts imposed.
375 """"""""""""""" 1l - Solid line : search region.
35 ;_ """"""""""""""" ! - No candidate found.
3 o :
325 b ! *_3-{'5"‘ :| - Cluster near E=110MeV :
30 ':'_ ______________ NS S SR ORI un-rejected Kpi2.
275
25 % | i I | [ | ] I i | i
100 110 120 130 140
_ Energy(Me Vs )
F176:2004 Mini-Workshop on Kaon Experimenis 21
and Detectors @M.-.'cara

K*® p*nn (pnn2)<

Total Rejection Fact

Princeton HEP Seminar 12/8/04

1| Inefficiency tables.

pP°® nn (and p°® gnn)

pO rejection from lgamma BNE

PP rejection from real data ,,,,,,,,,,,,,,
(from pnnl analysis.)

0.6 0.7 0.8 0.9
Total Acceptance

0.4 0.5

..and from E787:
1. K*® p*p
2. K*® mpng

Total Acceptance
Steve Kettell, BNL
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Next stepsfor K'® p*nn

" E949 at BNL

" L-04 at JPARC

" PO40 af FNAL

" NA48-3 at CERN

Princeton HEP Seminar 12/8/04 Steve Kettell, BNL
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K*® p*nn at JPARC S

Early design . 4 |
based on E949. - =
New designis ’
being worked \ target
on.
Stopped K*® p*nn experiment at JPARC ™™ S e
* [mprovements relative to E949 PARG L-04

* running mode (x1.9)
e Stopping fraction (x1.5) (http://kaon.kek.jp/~kpwg)
* Duty Factor (x0.83)
* Hours (x1.5 = 3 years)
* New Detector (x2.0)
* Re-optimization (x1.5)
* TD €éectron cut (x1.2)
*Brighter, better E resolution (x1.2)
* pipeline trigger (x1.1)

Goals: 50 SM eventswith SIN=5

| _ 39
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K*® p*nn at FNAL W

e CKM: approved by FNAL on 6/28/2001 to observe . "

100 SM events with S/N<10% in a separated 22 GeV/c K* beam
(http.//www.fnal.gov/prOJ ects/ckm/documentatlon/publ|c/proposallproposal.html)

* P5 stops CKM - Oct 2003 “cKM isan elegant world class experiment
which based on present budgetary models should not proceed.”
* P940: Adapt to an unseparated 37-53 GeV/c beam in KTeV hall

o 230MHz beam 4% K*, 30 MHz/cm? niMegas to track beam, other
detectors mostly unchanged Utilize pnn2. Proposal soon..

F 92 1 Apparatuﬁ

I CEM Apparaiuos e s |$92] | LB S fan-id e
AR i3 150 "I:

100 - ITl_lTl
_ i HLER ' rielt | Il SRR
_;“:: 1 | I
L [T — 1
A I_I ———
P ‘1
;-én.";l.l wH_J:{Er;:__\:n- | |
SSHHE ; |
—1oo 100 MM 1
P
Irdesracic
W
— 150
-
|

e -

|® "r1|

......

O moabis

CKM: separated K+ beam at 22 GeV/c  P940; Un-separated beam at 37-53 GeV
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K*® p™nn at CERN

* | Ol NA48-3 (nttp:/ivww.cern.ch/NA48/NA48-3/Overview/L Ol .pdf)
* Unseparated 70 GeV/c beam, 6% K*

* Total flux of 800 MHz, with 40 MHz/cm?

* Double magnet spectrometer

* Apparently favorable response from SPSC Villars meeting...
* 2004: R& D tracker, vacuum, straws NAA48-3 Detector e

Final C. ¥ veto 1 ML MAMUD

* 2005: complete R&D, proposal * GACH ot T
e 2006-8: Construction, installation, beam tests:  mx c2es e cuy
* 2009' 10 Run i .-'t:rhmImatl ion r.l I VACUUM Straw— [ 'II
. | . /
From A.Ceccuccl .II _________ | B 10 MHz Kaon | = o
‘ ‘ I I deCayS pmpme b [ |1 i I
| ﬁnaza%”\ i
800 MHz L & § & § B
(p/K/p) GIGATRACKER 1 B S
. . =% vetn 2
Queﬂlon. What are t_he prospects Only the upstream detectors see WCL24
fOf CERN '[O fund thISr) the 800 MHz beam CHOD = LEr
I I I I e
0 100 200 240
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In-Flight vs. Stopped measurement of K*® p*nn

In flight:

" Must measure K* momentum to recover rest-frame kinematics.

= Relatively large decay volume.

" Not possibleto follow the p*® m® e+ decay chain.

" Unseparated techniqgue must cope with much higher rates.
" No existence proof, such as E/87/E949.

" Decay occurs in vacuum, no low-energy K*A interactions, no
complex energy |oss mechanisms.

= Kinematics and backgrounds of Region-1 and Region-II are
similar with potentially higher total acceptance.

" High energy muons and photons from Kn2 and Kp2 may be
easier to veto.

" Existing high performance in-flight experiments. BNL-871,
BNL-E865, KTeV, NA4S.

Princeton HEP Seminar 12/8/04 Steve Kettell, BNL
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Comparison of experinr

ents and proposals

E787 Prop | E787 (asrun) | E949 (run) | E949Prop | CKM Prop | P940EOI | JPARCLOI#4 | NA48-3LOI
IP,| (GeVic) 25 25 22 25 120 120 30 400
P/spill 5Tp 19Tp 75Tp 65Tp 5Tp 2Tp 100 Tp 3Tp
Pl/sec 2Tp 9Tp 30Tp 10Tp 1.7Tp 0.7Tp 23Tp 02Tp
DF 15/2.4s 29/4.3s 2.25/5.4s 4.196.4s 19/3s 19/3s 1.79/4.4s 4.8916.8s

42% 48% 41% 64% 33% 33% 39% 29%
|Pk| 800 MeV/c | 730 MeV/c 710MeVic | 730 MeV/c | 22 GeVlc 45 GeV/c | 550 MeV/c 75 GeV/c
K/(K+p+p) 0.25 0.8 0.7 0.8 0.7 0.04 0.75 0.06
K/sec (spill) 1.8 MHz 4 MHz 6 MHz SMHz 33 MHz 10 MHz 18 MHz 30 MHz
K/sec 0.8 MHz 1.8 MHz 2.4 MHz 3.1 MHz 11 MHz 3.3 MHz 7.0 MHz 9.0 MHz
Flux/Teff (spill) | 7.2 MHz 5.6 MHz 8.4 MHz 6.7 MHz 50 MHz 250 MHz | 25 MHz 800 MHz
F/(cm?2” Teff) 0.1 MHz 0.07 MHz 0.11 MHz 0.09 MHz 0.25 MHz 30 MHz 0.3 MHz 40 MHz
“decay’ factor 19% 23% 2% 26% 13% 17% 40% 9%
Seclyear 8 10° 5 10° 4 10° 1 107 8 10° 8 10° 1 107 5 10°
Y ear 1 4 1 2 2 2 3 2
Geom. Acc. 50% 27% 27% 27% 50%7? 50%7? 27% 50?7
Acceptance 1.5% 0.2% 0.22% 0.3% 1.8% 2.1% 0.6% 10%
Pnni(/yr) 1(1) 1.2(0.3) 0.4(0.4) 7(3) 95(47) 44(22) 50(17) 40(20)
Pnn2(/yr) 0.15(0.07) 0.4? 5(3) 130(65) 62(31) 40(20)
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~=o .| Summary & Outlook (1)

oy \ E949
" E£949 has observed a 3™ %k EISHEIRD oo
K*® p*nn event. g | o
+1.30, u
B(K*® p'nn)=1.470s" 1000 =%}
40 - , :
(SM: 0.8" 1019) » oy
= PRL 93 (2004) 031801 N i
= Detector and collaboration ready : CAlE
to complete experiment but DOE~ **F e
has not supplied funding for the 2f
running time that they approved. g
®* Termination of AGS HEP ops. was a g
non-scientific decision imposed on the £ S S G T .
Office of Science. a0 00 110 120 130 140 150
Energy (MeV)
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Summary & Outlook (2)

" E/87 discovered K*® p*nn and = g ! : v
measured aBR twicethe SM  +, 10 g 3
expectation A :

" BNL and FNAL developeda £ 7

) . £ 5 =
planto fully exploit thiskaon & ¢
component of flavor physics g |
with E949 and CKM., 210

" E949 wasapproved by DOE- £ |
HEP to exploit the investment  §. < ]
in E787, the expertise, the m el
proven detector and the minimal LT, :
marginal cost to run with RHIC. 1p ™" e
CKM was approved by FNAL ; | :
to take the next step and push af '
the measurement of K*® prnn 10 ¢~ E

to the limits of theory. 1970 1980 1990 2000 2010 2020

Year
45
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Summary & Outlook (3)

E949 remains an approved but now un-funded DOE experiment.
CKM appears to be dead.

NSF has expressed interest in K*® p*nn: a proposal to complete
E949 has been awaiting RSV P management reorganization and
RSV P construction funding.

What about the longer term future: a high rate unseparated
experiment at FNAL or CERN? or a stopped JPARC experiment?

It isclear that K*® p*nn remains an incisive test of the flavor
structure of our physical world, whether described by the SM or

new physics and some combination of experiments should go
forward!

Two K, ® p°nn experiments are now on reasonably strong footing
(E391a has data; KOPIO starting construction).

Which national governments and labs are most likely to support a
K*® p*nn experiment? Can the community unite behind such
effort(s)?

Steve Kettell, BNL
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Summary & Outlook (4)

" E949 observed a3dK*® p*rmn

event — consistent with the SM Ty K t - ﬂﬂ;ﬂ
prediction (and equally consistent
with 3 timesthe SM). It istwice the
expectation.

" | ower Phase space region accessible
- results next year with ssimilar
sensitivity (»double E949 sensitivity).

" Detector and collaboration ready to
complete experiment but ...7

" Together K*® p*nn and K, ® p®nn
provide a unique opportunity for
discovery of new physics. KOPIO
(and E391) will be enhanced by a
K*® p*nn experiment.

. . 4
Princeton HEP Seminar 12/8/04 Steve Kettell, BNL




Princeton HEP Seminar 12/8/04

Backup

Steve Kettell, BNL
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Pulse fitting In the p* stopping counter

. -
E - =
[TEIRE= EPRpes. L I et o) L B e =
E i
. T T T H ::
1% IPIFLG O KPIFLG 100 DT 2.13
m Truav 6.15  Ermut 150,68
-] 3 Prod 3.50 Elast 22.48
Hil —'- I.
] p Cmupi 2.35, 1.57
o Cruend 39.25, 96.5
. US probs 0.210.880
“ DS probs 0 0.060
I -L- " -'-_r-z-'cl_-- ;u-"ﬂnilllllr““,--“._lal_"‘ o T I 11
End I {EAW) _
]
] =
E P T e e T = Y e T S Ll S a E
[ e T e i
: T — - v i
] Epion 918,19, 677.9
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o Ped(single) 4.56, 5.51
] Ped(double) 3.93, 4.88
el —-
I o L I TIT .7 o
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TD properties of the candidate

® Plotswith p* and nt samples | |
Blue: p* (fitted p—>mtime<10ns)
Arrows show the candidate event Red : nt

TD redated vawiablefescat Dive, ) - red), M, ~1. T_<10ns=
O 005
0.08 =
5 e 0.15 0.04
0.06 .
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o ° o a : ; o
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emutcl tmuav i ot Fpi-Zmu
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