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ORKA

Executive Summary

Precise Measurement of K™ — 7 vv

ORKA: High impact measurement “guaranteed”
— 4t generation technigue minimizes risks

Accelerator resources straightforward for Fermilab
— Required slow spill performance achieved at the BNL AGS, Tevatron

Site options available with no civil construction
— Most attractive option: former CDF collision hall (BO)

— Important near term issue: Preserve the ORKA option at BO and
minimize impact on IARC operations

Timely initiation of resource and funding plan is sought



K" — 77vv : Sensitive to New Physics

e.g. High mass scale effects, Warped Extra Dimensions as a Theory of Flavor, ...??

B(K, — 7’vi) vs. BK" — 7tvv)

1019 x BR(Kp — nvi)

0 1 2 3 4

10" x BR(KT — ntvp)
D. M. Straub, 3
arXiv:1012.3893 [hep-ph].



K" — 77vv in the Standard Model
One of the few precisely precicted FCNC decays with quarks.
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« A single effective operator |(5,7"d, )(VL)}#VL)

« Dominated by top quark (charm significant,
but controlled)

e Hadronic matrix element shared with Ke3
e Uncertainty from CKM elements  (will
improve)

Remains clean in most New
Physics models

(unlike many other observables)

B, (K" > 7z"vv)=(7.8+0.8) x 10"

Brod, Gorbahn, Stamou
PR D83, 034030 (2011)



SM Theory Uncertainties

CKM parameter uncertainties dominate the error budget
today (10-15%) — ~5% foreseeable;
Future experiments reaching ~5% precision will cover
all accessible non-SM effects.

K" — z"vv Error Budget

ORKA aims for
1000 event
sensitivity:

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

U. Haisch, arXiv:0707.3098



K — mvv : History and *Prospects™
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A ORKA at Fermilab M
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» Sixteen institutes spanning six nations:
Canada, China, Italy, Mexico, Russia, USA
Five US universities now; in active discussion with several others
»Two US National Laboratories
» Leadership from US rare kaon decay experiments from the past 20 years

Collaboration progress since proposal:
New institutions: Notre Dame, Ole Miss (others in discussion)
New collaborators: 8



ORKA ORKA at the FNALMain Injector

4™ Generation K* — 7'vv Experiment
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ORKA Detector improvements

ORKA

Incremental increases in signal acceptance based largely on E787/E949 measurements.
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Additional acceptance gains expected from trigger improvements.
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Photon Veto Improvements

E949 17.3 Radiation Lengths
ORKA 23.0 Radiation Lengths

Acceptance Increase : 1.65i8j’§

Estimate based on simulated KOPIO PV performance
Adjusted to agree with E949 PV efficiency.

Shashlyk — Calorimeter Candidate for ORKA

Plastic Scintillato/Pb: Fast Response, High Resolution
The ORKA/INFN

group is working
on a variant:
heavy glass/
plastic scintillator
sandwich
“ADRIANO”




Shashlyk Beam Measurements Ko
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ORKA

ORKA Sensitivity vs. Time

ORKA Relative uncertainty on B(K*—=x"vv)
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Research Opportunities with the
ORKA Detector Facllity

Selected Examples

Process Current ORKA Comment

Kt = ntuw T events 1000 events

Kt - ntXx0 < 0.73 x 10719 @ 90% CL <2x10712 KT — nvi is a background
KT 5 ataui <43 x107° <4x10°8

Kt 5 ata0x0 <~ 4 x 1077 <4 %1078

KT 5 nty <23 x107° < 6.4 x 10712

KT = 0 vheawy <2x107% -1 x 1077 <1x10710 150 MeV < m, < 270 MeV
Kt = pfo,up < 6x107° <6x1077

Kt o5 atyy 293 events 200,000 events

I'(Ke2)/T(Kpu2) +0.5% +0.1%

™ = v <27x1077 <5x107% to <4 x 107 depending on tech nique
70 5 4 X0 <5x 104 <2x10°°

Report available http://projects-docdb.fnal.gov/cgi-bin/ShowDocument?docid=1644.
13
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Sites considered:
* Meson Center(MDB):

Existing beam transport,

Rad soft, large hall, no magnet,
existing and future test beam
program.

* Sea-Quest(NM4):
Existing beam transport,
Rad firm, small hall, no magnet,

existing and possible future
Drell_as

AO -> BO Beam Line:
* All necessary Dipoles exist on site

 All necessary Quads located at Nevada test site;
available to be refurbished.

« CDF(BO) collision hall:

Existing tunnels and hall,
Rad hard, adequate hall, magnet,
A0->BO beamline required,
interplay with TARC.




ORKA

Strategy to Transport Beam From the
Main Injector to the CDF Collision Hall.

* Replicate the existing transport from FO to AO (so called Main Ring
remnant) with existing legacy Main Ring magnets.

» Sufficient Main Ring dipoles exist in the Tevatron tunnel, sufficient
Main Ring quadrupoles are stored at the Nevada Test Site, awaiting
return to Fermilab upon request.

» Costs to refurbish a single magnet is $32K, cost to rebuild a single
magnet is $110K. Costs per piece will come down with volume.



ORKA

ORKA in the CDF Collision Hall

Initiation of Dogleg Kaon Beam Line Design

19m Separater #-SBKY
—_—

. | eSO = 0
- | -
AT
T deal <
mmcﬂmm-\ ’? ) X " i Aryliat
QSQQ‘. i A, | |
R T sE 1

4 Jaw 6 Collimator |7\ g 3 SEora ISR Lt

Main Injector Beam

Doug Jensen (Fermilab) has initiated a G4Beamline study
of the improved ORKA dogleg beam.

Two students from Arizona State University are working
with him on the design.



ORKA

Resources for bui’ldin% a
beamline from AO to BO.

Water & bus lines are cut

Dipoles and quardrupoles stored at Fermilab

Most magnets will need fo be
refurbished, some will need to be
rebuilt. This is a beamline, not a
storage ring, with many spares so a
greater failure/risk element can be
carried to minimize initial capital
investment.



ORKA

The ORKA new

¥ replaces the CDF
& tracker volume-c.

Steve Kettell with the
BNL-E949 Central tracker
(similar diameter to ORKA)



PN BO Advantages for ORKA

* No civil construction required.

— Existing Tevatron shielding can support loss of a maximum (4.8x1013 p) Main Injector
pulse. Beam-Loss Monitors can halt multi-pulse losses.

* Re-use existing solenoid magnet and return steel, cryogenics, and
magnet control systems.
— Value of solenoid and infrastructure $10M. Value of steel about $5M.
— Re-use infrastructure for detector systems — power, cooling, etc.

* High intensity beam line and hall could be an Accelerator Improvement
Project. (ORKA would be a good first candidate user!)

11



ORKA “ORKA Preservation Task Force” o

Membership: Jonathan Lewis, David Christian, Robert Kephart, Kurt Riesselmann, Paul Czarapata, Panagiotis Spentzouris,
Gueorgui Velev, Rhonda Merchut, Teri Dykhuis, Angela Sands, Peter Garbincius (Chair)

Charge: “...analyze various scenarios for the ORKA detector to be
installed in the CDF hall ...provide a rough cost estimate and an analysis of
technical difficulties.” YKK

 Task Force Estimate: $6.9M (mostly effort, 15 FTE-years)
 FY12 D&D budget $1.5M (SWF) + 0.5M M&S.

* Preparing the CDF/BO collision hall for public use will cost about $1M.
Reserving the collision hall as a research facility will avoid this cost.

« The Super-Phenix initiative is interested in the CDF central calorimeter
arcs. Charging Super-Phenix for extraction would mitigate costs by $1.5M.

« The collision with IARC customers could be mitigated by “reserving” a
minimal work space in the assembly hall or slower than anticipated IARC
customer growth profile in the assembly hall.

* Now is the time to minimize impact on IARC operations which if successful
will grow with time.

12




Slow Spill Extraction from
the Main Injector

* The ORKA experiment requires slow spill extraction of
5x10% Main Injector protons per pulse.

* The SeaQuest experiment is approved for 1x10!3 protons
per pulse, and has recently completed a successful
commissioning run,

» Work is necessary to achieve high quality extraction at
the ORKA power level. This work is required for any
competitive Main Injector slow-spill program in the
future.



ORKA

Near Term Technical Priorities for ORKA

 Develop Integrated Conceptual Design
— Kaon production target
— Separated kaon beamline
— Beam dump
— Fit within the constraints of available sites (CDF/B0,SeaQuest/NM4)
— Engineering assessment of costs

 Develop a Site Plan:

— BO is the best current choice. The beamline would be a new and
unique asset for Fermilab and the US and international particle
physics communities

— Other sites require another solenoid e.g. CLEO magnet

18



ORKA

Near Term Strategic Priorities for ORKA

 Achieve Critical Decision Zero in 2012

— ORKA group met with OHEP on May 24

— Enthusiastic response! Science and technology clearly recognized
« Enhance Collaboration

— Interest is high in the US and international community

— Collaborating institutions need a clear signal from Fermilab and
DOE that ORKA is in the US particle physics portfolio

* Identify and cultivate resource partners

— Resources from strategic partners e.g., SLAC on data acquisition,
BNL and KEK on kaon separators, beamline elements

19
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Summary: Opportunities E253

« The focus of the Fermilab research program for the coming
decades is accelerator driven intensity frontier research.

 Precise measurement of K — 7 vv is broadly recognized to be on the short

list of the most compelling accelerator — driven intensity frontier research.

« ORKA can deliver this precision measurement and a broad
suite of other important measurements.

« The ORKA research program can engage a substantial sector of the
US university community as major partners in developing and
providing instrumentation and the eventual scientific output.

Outstanding training platform

20



ORKA =

Summary: Risks & Resource

 Resources are urgently required to improve the cost estimate and
reduce contingencies. Siting and beam line design are leading issues.

 ORKA collaboration has worked with Fermilab to explore three options
to site the experiment that do not require civil construction. The most
attractive option is former CDF collision hall.

* [tis important to preserve the ORKA option at BO and minimize impact
on IARC operations. (CDF D&D resources must be eventually borne by
OHEP in all cases. )

21



Backup slides
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Percentage error: NOvA(relative), ORKA(absolute)

Consideration of NOvA and ORKA

Joint Sensitivities
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20

Naive statistical sensitivity
model for NOvA, no
modeling of background,
run-plan., efc.

&= Coincident Running=p

2 3 i 5 6 7 8 9

10

11

=== NCvA with 100% duty factor
== NOvA with 50% duty factor

ORKA with 0% duty Tactor

ORKA run model: 10 event
sensitivity commissioning run
in 2016, 90 event sensitivity
in 2017, followed by 210
event sensitivty per year.
|

Years into operation



K — vy Prospects
K" —>rnvv K, - vy
Now: B(K* — z'vir)=1.73"11:x10"

(7 events)

Future: Sensitivity at SM 7.8 x10™"

Now: B(K' — z'vv)<2.6x107°

Future : Sensitivity at SM 2.4 x 101!

Goals | NA62 | ORKA | Proj.X Goals |KOTO * |Proj.X
CERN| PHAL J-PARC

Events/ | 40 200 |340 Events/yr | —1 “200"
yr

S/N ~1 5-10
SIN |5 5 5

Precision 504
Precision 10% 504 {7

* J-PARC plans a phase Il to

reach higher sensitivity. 28



ORKA

Proton Source:
Main Injector

“Mixed Mode” MI configuration: Slow spill + NOVA cycles

Slow spill: 10 s at 95 GeV, 44% Duty Factor

Table 4.1: Relationship between beam encrgy, cycle time. Hattop, duty factor. and beam power
with a 4800 A (rms) magnet power bus constraint. The proposed operating proton beam energy

of 95 GeV is highlighted with bold face.

29

Eneam[GeV] | Teycle [8] | taattop | Duty Factor [%] | Pave[kW] | Prax[kW]
120 15 25 16 62 377
120 20 33 16 16 283
120 25 4.1 16 38 232
120 30 1.9 16 31 189
100 10 3.5 35 7 299
100 15 5.0 33 52 154
100 20 6.5 33 39 118
100 25 8.1 32 31 96
95 10 4.4 44 74 166
95 15 6.3 12 19 116
95 20 8.3 41 37 80
95 25 10.1 40 29 73
90 10 5.9 59 70 118
a0 15 8.3 514 46 83
90 20 10.8 54 33 61
90 25 13.3 53 28 52




The ORKA new

detector payload
replaces the CDF
tracker volume.
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Figure 5.3: Illustration of the ORKA beam line and detector sited within the B0 collision hall.
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ORKA

Detector R&D that may lower cost [«
and increase performance |

D: Geiger Avalanche Mode (SiPMs, MPPCs) devices for scintillator
readout of stopping target, range-stack, photo veto.

D: Extruded scintillator for the stopping target and range stack.

D: Fully streaming DAQ.

D: Improved tracking chamber

R: High efficiency photon veto technology

31
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