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Flavor Physics in the LHC Era

New Physics found at LHC

= New particles with unknown New Physics NOT found at LHC
favor- and CP-violating couplings

Precision =, K, B, u, and t expts Precision =&, K, B, u, and t expts will
will be needed to help sort out the be needed since they are sensitive
flavor- and CP-violating couplings to NP at mass scales beyond the
of the NP. LHC (through virtual effects).

K*— 1*VV and K — m°VV have
special status because of their small
SM uncertainty and large NP reach.

Precision measurement of B(K*— t7VV) is an immediate high priority.
—It is experimentally more accessible than the neutral mode.
—The outcome will guide the Project-X Intensity Frontier program.
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K*—>n" VvV in the Standard Model

The K—>nvVv decays are remarkable because they are the most
reliably and precisely calculated FCNC decays.
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« Largest uncertainty (=27%) from CKM
elements (which will improve)

©0 YD B (K mtvY) = (8.5£0.7) x 10"

Brod and Gorbahn, PRD 78, 034006(2008)
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Summary of SM Theory Uncertainties

CKM parameter uncertainties
dominate the error budget today.

Other parametric
uncertainties are important
(=17%): m,, m,, o

With foreseeable
Improvements, it is
reasonable to expect the
total SM theory error <6%.
Unmatched by any other
FCNC process (K or B).

SM theory error for neutral (K, — n°VvV ) mode is no longer smaller.
U. Haisch, arXiv:0707.3098
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New Physics

« K—orvVvremains clean in non-SM scenarios

— A single effective operator due to vv ; Wilson coefficient
calculable in perturbation theory, free of long-distance effects.

« Minimal Flavor Violating scenarios

— The MFV hypothesis is that flavor- and CP-violating effects in
New Physics are governed by the SM Yukawa couplings (CKM
mixing and phase).

* Invoked to explain how TeV-scale New Physics has not induced
already-observable FCNC effects

— Leads to constraints on and correlations between K and B
observables.

 Non-MFV scenarios
— Introduces new sources of flavor- and CP-violation
— Large non-SM effects possible
— Kand B effects not always correlated

November 9, 2009 Project X Physics Workshop



Minimal Flavor Violation

Bobeth et al, Nucl Phys B726, 252(2005) MFV constraint . E949
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C function characterizes the Z-penguin diagram; AC = C — Cg,
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Sensitivity to non-MFV New Physics

New Physics can be N

X141~ _
parameterized by a : tanf=2 |
function X = ‘x‘e'gx, 12| ;. General MSSM with R-parity
which is calculable in - . Burasetal, NP B714,103(2005)
_ 10155
perturbation theory for L
given models. 8

Significant deviations from
the SM are possible.

General MSSM with R-parity
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General MSSM with R-parity
Buras et al, NP B714,103(2005)

Effect of a £5% measurement
at a hypothetical non-SM BF
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Littlest Higgs model with T-parity
Blanke et al., arXiv:0906.5454
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K*>n*vV Motivation

No matter what happens at LHC, there are key flavor-physics
measurements that will be needed.

— K*—>n*VVis crucial.

K*—>n*VV is a “golden mode” due to small SM theory errors.

— Large deviations from the SM level appear in many plausible NP
scenarios.

— 30% deviation from the SM would be a 56 signal of NP in P996

Precision measurement of K*—>m*VvV, which is more accessible
experimentally than KL—>7IOVV, will provide guidance for Project -X.
— A NP signal will imply high priority for the neutral mode AND the
complimentary modes K, »>n%e*e~and K| ->7nu* p-
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Backgrounds

The signal BF is about 1x10-19, so rejection >1010 is needed for
some modes, This is accomplished by a combination of:

« kinematic constraints
* strong particle identification
« vetos of extra particles, especially photons

Even a low-level of mis-measurements is dangerous, so
redundant measurements of key quantities are needed.

K-decay Branching

Backgrounds Ratio Rejection Methods

K" = utv 0.635 2-body kinematics, p-veto
Kt — gtg0 0.212 2-body kinematics, y-veto
K' = 'ty 5.5 % 1073 || p-veto, y-veto

Kt = gtg0 0.212 2-body kinematics, y-veto
Kt — 7letw 0.048 e-veto, y-veto

Kt — 2%ty 0.032 p-veto, y-veto

K+ — ntq070 0.017 y-veto

Kt = putvy 5.5 x 1073 [ p-veto, v-veto

K+ — ntaly 2.8 x 101 || y-veto
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Pion momentum in the CM frame of K decay.
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E949 Detector
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Elevation view of the E949 detector.
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E949 Detector
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Ran with 710 MeV separated K* beam at the BNL AGS
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E787/949 Final Results
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Two approaches

Stopped K K decays in flight
« Stop K's (p=0) in active « Measure beam p with
target tracking spectrometer
 Measure 1" energy, « Measure T momentum,
momentum, and range velocity, and range
* Pion ID from decay * Pion ID from RICH and
chain T—>u—€ instrumented range stack
* Photon veto system * Photon veto system

All experiments so far have used stopped K’s. Advent of RICH
counters has given impetus to the decay-in-flight approach.

November 9, 2009 Project X Physics Workshop
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K*—>n*vv at CERN
CERN NA-62 is a first-generation decay-in-flight experiment.
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» Builds on the experience of NA-31/NA-48 collaboration
« Many features in common with the FNAL CKM proposal

— but uses an un-separated charged beam (75 GeV)
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NA-62

Decay Mode

Events

Signal: Kf*—>natvv [ flux = 4.8x1072
deca y/ yea I‘]

55 evt/year

K*—>nr*tn® [n,=2x10"%(3.5x107%) ]

4.3% (7.5%)

Ktf—>u'v 2.2%
Kf—e'ntnv <3%
Other 3 — track decays <1.5%
K*—>ntrly ~2%
Kf—utvy ~0.7%
K*—e*(u*) n'v, others negligible

November 9, 2009

Expected background

<13.5% (£17%)

Source: Augusto Ceccucci, August 2009 (Extreme Beam)
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NA-62 Schedule

2009 2010 2011 2012
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Fermilab Proposal P996
October 14, 2009

Measurement of the K+ — wTviv Decay at Fermilab

A new measurement of
K*— m*VV is being
proposed for Fermilab.

PAC consideration later
this week.

Fermilab Proposal P996

October 14, 2009

Measurement of the K+ — s+ Decay at Fermilab

Joseph Comfort
Arizona State University, Tempe, AZ
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TRIUMF and University of British Columbia., Vancouver, Canada
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Brookhaven National Laboratory, Upton, NY
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Fermi National Aceelerator Laboratory, Batavia, IL

Yuri Kudenko, Oleg Mineev, Artur Shaykhiev
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Roberto Carosi
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Ahmed Hussein
University of Northern British Cohunbia, Prince George, Canada
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Why here, why now?

Existing Fermilab facilities (Ml and Tevatron) provide an
opportunity to make a £5% measurement.
— Either New Physics will manifest, or severe constraints result.

This measurement will provide critical input to planning
the Project-X Intensity Frontier program.

This experiment will be a nucleation site for rebuilding the
U.S. K-physics community, which is needed for Project-X.

To be timely, this must compete head-to-head with
CERN'’s NA-62 experiment.

The measurement relies on Tevatron stretcher operation
which is only viable if done soon after collider running
ends.
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Stopped K's versus Decays in Flight

« A decay-in-flight experiment (CKM) was proposed at Fermilab in
1998 (by some of us).

 Whatever the hypothetical advantages, the decay-in-flight method
has not yet been proven for K*>n*vv.

« The deciding factors - here and now - are opportunity and cost:

— The E949 method has been demonstrated at a level sufficient to
accomplish the goals of P996. This is the opportunity.

— The cost of a low-energy (550 MeV) electromagnetostatic
separated K* beam is significantly less than a high-energy
SCRF-separated beam.

o Unseparated beam results in enormous rates in some detector
elements; this is the Achilles heel of NAG2.

— The cost of the compact (low-energy) detector is much less.
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Overview of K* ->r*vv at Fermilab

Measure B(K* »>n*vv ) to £5% using the method developed in
BNL E787/949.

— Build a modern detector based on the E949 concepit.

— Estimate the sensitivity and backgrounds of the new experiment by
extrapolating from E949 experience.

— Expect 1941@3 events/year at SM branching fraction

Use the Tevatron as a Stretcher, filled by the Main Injector, to get
high duty factor (*95%).

— 10% hit on protons to NOvVA; no effect on microBooNE, muZ2e, g-2, ...

Avoid civil construction by using an existing hall.
— Several possibilities have been identified.

Contain cost by using an existing superconducting solenoid
(preferred is CDF).

Estimated TPC is $53M (FY2010 $), $58M (then-year $).

Proposed schedule has first physics running in 2014.
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Tevatron in Stretcher Mode

Stretcher operating scenario

— With NOvVA, n pulses to NuMI beam (1.33 s ramp to 120 GeV)
+ 2 pulses to Tevatron (1.67 s ramp to 150 GeV); n~ 18

10% reduction in protons to NOvVA; no effect on muZ2e, g-2

M1 ramp ,
I ﬂ'—lt n a

a b
.//’\_\w/-a\/ T 5 /, /!\*V-/‘ ff\.\_,"" //\\v/,f/ \\

-

Tev beam intensity —

—

rh-——__

_—
— ' ) _J

—~ time —
slow extraction

— 96 Tp (1 TP =102 p) with 27.3 s cycle;
duty factor = 94% (high duty factor is key to P996)

— Extraction hardware exists; 150 GeV is the normal Tevatron
injection energy; 150 GeV extraction has been done before.

— If NOvVA is off, higher intensity to P996 is possible.

November 9, 2009 Project X Physics Workshop 27



ratio

vield per proton

10

E949

0.5 1 1.5

momentum in GeV/c

K'm'

+
P, et

0

21.5 GeV/e proton on 6 cm

0.5

1

1.5

momentum in GeV/c

vield per proton

K* Yield

Calculation of K flux into the

detector is based on:

P996

0.5 1

momentum in GeV/c

1.5

K'm

0

0.5

momentum in GeV/e
150 GeV/c proton on 8 cm

Relative P996/E949 K* production
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from multiple models consistent.
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K*/p Ratio(P996/E949) = 6.8+1.7
Project X Physics Workshop

1.5

=)

LAQGSM-MARS model for
ratio (150 GeV vs 21.5 GeV)
accounting for target lengths,
solid angles, momentum bites

A complete secondary beam
design

Ray-tracing simulations from
production target to stopping
target

FLUKA simulations of stopping
target to estimate stopping
fraction.

~60% of K* stop in active target

Factor 4.5 more K-stop/sec
with less total beam (n+K)
into detector
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Separated 550 MeV K+ Beam

Design by Jaap Doornbos (designer of BNL LESB-III)
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P996 will use an existing hall to avoid civil construction.
Several possibilities identified. Example: CDF BO Hall
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Component E949 “as run” P996 Ratio
Proton momentum (GeV/c) 21.5 150

Protons /spill 65 x 102 06 % 1012 Rproton = 1.48
Spill length(s) 2.2 25.67

Interspill(s) 3.2 1.67

Duty factor 0.41 0.94

protons/sec(ave.) 12 x 102 3.6 x 1012

protons/sec(inst.) 15.9 x 1012 3.8 x 1012

Kaon momentum (MeV /c) 710 550

K beamline length(m) 19.6 13.74

Effective beam length(m) 17.6 13.21

K survival factor 0.0372 0.0411 Raury = 1.1048
Angular acceptance (msr) 12 20 Ring = 1.66
Ap/p(%) 4.0 6.0 Ra, = 1.5
K+t ratio 3 2.634+0.33

Relative K /proton — — Ry, =68+1.7
Ny /spill 128 < 10° | (142 £36) x 10°

Tepr/spill (s) 2.0

Ny /sec(inst. ) 6.3 x 108 (5.5 4 1.4) x 10°

Ny /sec(inst.) 8.4 x 10° 7.6 x 106

Ny /sec(ave.) 2.6 x 10° (5.2 £ 1.3) x 10°

Stopping fraction 0.21 0.60 £0.13

Kstop/s(ave.) 0.69 x 10° (3.1 £1.0) x 10°

Running time(hr) — 5000

Kstop/5000 hr — (5.6 +£1.9) x 10"

November 9, 2009
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PI996 DETECTOR
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P996 Improvements

« LargerB-field (1 T — 1.25T), improves momentum resolution

« Longer detector, increases solid angle

* Finer range stack segmentation (reduces accidental losses)

« Thicker photon veto (17.3 X, — 23 X;), more efficient photon veto
« Double-ended readout of active stopping target, proves z of decay

« Deadtimeless trigger and data-acquisition, reduces losses from
various sources of deadtime in E949

These and other incremental improvements (e.g., running efficiency)
provide an estimated factor of 11 improvement (per stopped-K).

Expect 194", events per 5000 hr year at SM BF.

Ratio(P996/E949)
Net detection efficiency per K-stop 11.3 (+3.3/-2.3)
K-stops per hour 6.1+22
5000 hours/E949 as run (940 hours) 5.3
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P996 Summary

We have proposed a realistic, modest-scale
experiment to use the Tevatron in stretcher mode to
achieve a 5% measurement of B(K*— n*vVv ) over a
few years of running.

30% deviation from the SM would be a 5c signal of
NP in P996.

We are requesting Stage 1 approval from Fermilab
(this week).

We are proposing an aggressive schedule that
competes head-to-head with CERN NA-62.

New collaborators are welcome.

November 9, 2009 Project X Physics Workshop
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Conclusions

The K—nvVv decays are the cleanest FCNC processes in
the Standard Model and New Physics scenarios.
— Measurements are crucial and should be high-priorities.

The charged mode is more experimentally accessible,

making precision measurement possible within the next
decade.

— This will provide guidance to planning the flavor physics program
internationally and the Project-X program locally.

The CERN NA-62 experiment will begin physics running
In about 3 years.

— First decay-in-flight experiment; a lot will be learned quickly.

Fermilab should be in this business
— P996 provides an(other) opportunity.
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