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) U.S.Long-term View

NPursue the most | mportant op
are, and host unique, world-class facilities that engage
t he gl obal scientific communi

U.S. HEP program is guided by the 10-year strategic plan of 2014 P5
report:

Building for Discovery

Strategic Plan for U.S. Particle Physics in the Global Context

D

AnThe United States and major players i
address the full breadth of the field's most urgent scientific questions if

each hosts a unique world-class facility at home and partners in high-
priority facilities hosted el sewhere. o

.. ]
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J)P506s Science Drivers

Five topics that should drive U.S. HEP program for next 10 years:

A Use the Higgs boson as a new tool for discovery.

A Pursue the physics associated with neutrino mass.

A ldentify the new physics of dark matter.

A Understand cosmic acceleration: dark energy and inflation.

A Explore the unknown: new particles, interactions, and
physical principles.

P5 identified the highest priority projects for a balanced program
that addresses these science drivers in constrained budget
scenarios.

.. ]
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J)\ Use the Higgs boson as a new tool for discovery.

g g q W/Z g ¢
-- H -- H -- H
g q q H g t
(a) gg — H (b) VBF (c) VH (d) nH
- ATLAS —olobs.) Total uncertainty
A LHC and its upgrades are the only means =~ ™=®%6 | —qu tioonp
to produce and characterize the Higgs for e ronse -
the next decade or longer. T e it
APrecision measurements of Higgs properties [w u;;:1.1a:;;: ' T
leading to any deviations at the few %-level. """ S
AAccess to rare processes, H decay to pp. |
A ILC (or other Higgs factory) would eventually | _ .- e
allow measurements of higher precision. f f
A A very high energy proton-proton collider ,
would later allow other improved o - 1B O
measurements, such as Higgs self-coupling. ]
\s=7TeV, 4547 0" -1 0 1 2 3
\s=8TeV,20.3 0" Signal strength (u)
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J)\ The U.S., the LHC and the LHC upgrades

LHC has been one of the largest investments of U.S. in HEP, ever.
ALHC accelerator (DOE)
AATLAS (DOE+NSF), CMS (DOE+NSF), LHCb (NSF), ALICE (DOE NP)
U.S. is single largest collaborating nation on both ATLAS & CMS.
AUS-ATLAS: ~19% of ATLAS:; US-CMS: ~27% of CMS

U.S. investment continues for Phase-1 & HL-LHC upgrades.
ADOE & NSF: Phase-l ATLAS & CMS detector upgrades
ANow nearing completion. Some components already installed.
ADOE: HL-LHC Accelerator Upgrade Project
ACD-1/3ai Oct2017; CD-2 ~ early 2019
ADOE & NSF: HL-LHC [Phase-Il] ATLAS & CMS upgrades
ACD-1~June-July 2018; NSF PDRO6s hel d.

May 2017: Signed DOE-CERN addendato US.-CERN I nt O

Cooperative Agreement and Protocols signed in 2015.
ADOE contributions to HL-LHC accelerator & detector upgrades
ACERNOGs cont r i bhodted meutrihoogprograns .
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HL-LKHCrAcseleraton hpgliades:

EnablingUulSs Seoteace Pantictpation

2 new 300-metre service tunnels and
2 shafts near to ATLAS and CMS.

G’ -
=
,fg R

“CRAB” CAVITIES

16 superconducting “crab”
cavities for each of the ATLAS
and CMS experiments to tilt the
beams before collisions.

UNNEY

DOE contribution:

DOE contribution}

10 cold mass
(Nby,Sn)assemblie!

\> x4

A 4 each for
ATLAS & CMS
interaction
regions

(& 2 spares )

SUPERCONDUCTING LINKS
Electrical transmission lines based on a
high-temperature superconductor to carry
current to the magnets from the new service

tunnels near ATLAS and CMS.

20 Crab Cavities
A 16 + 4 spares
or:

10 Crab cavities &
Hollow eLens
KComponents

FOCUSING MAGNETS
12 more powerful quadrupole magnets
for each of the ATLAS and CMS
experiments, designed to increase the
concentration of the beams before

collisions.

J

BENDING MAGNETS

4 pairs of shorter and more

powerful dipole bending magnets
to free up space for the new

collimators.

COLLIMATORS
15 to 20 new collimators and 60 replacement
collimators to reinforce machine protection.

DOE contribution:
Hollow elLens Components (under discussipn) 7




ATILASIHLHC dpgraele

A Similarly, U.S. ATLAS is defining the scope of its contributions taHC by
leveraging interests and experience of U.S. grougsyrdinating with
iInternational ATLAS

A [.).OE SCOpe: A= = M’-ﬁ £ : Calorimeters:

I Barrel Inner Tracke[ITK- Inner tracker | - FE,BE electronics LAr/Tilecal
(pixel & Strip *  pixels+strips FCAL V\{/ l:.>etter granularity’;‘ -
detector) In|<2.7->|n|< 4.0% * [HGTD Timing Detector 2.5<|1|<5

| Ny - '

I LArCalorimeter 3
front-end analog
chip development

I DAQ hardware (data L\// 1

flow elements)

A NSF SCOpe * Inner barrel layer — = s~ Trigger/DAQ
T WC N‘K 3 3 é N\y\ ) éecgznicsl; i o [ ’:" £ *+ L0 (calo+muon): 1 MHz
: 0 uertag 2.¥< 140" S0 R Bl . L1 (calo+muon+TK): 400 KH2
luminosities e T W S - wur/er: 10 k1
I Readout electronics — « | arge forwardrapidities, as described in the 2015 ATLASLHHC
for LA Tile, Muons scoping documentfor the reference 275 MCHF CORE total cost scenaric

Muons:

U.S. DEPARTMENT OF Office of 8

EN ERGY Science




OMSHi{LHOUdpgrade

A DOE and U.S. National Science Foundation coordinating U.S. contributions wii
CERN and international partners on CMS

A Scope of the U.S. deliverables leverages expertise by U.S. scientists

Trigger/HLT/DAQ
Barrel EM calorimeter

* Track information at L1-Trigger

NP L1-Trigger: 12.5 s latency - output 750 kHz * Replace FE/BE electronics
* HLT output =7.5 kHz * Lower operating temperature (8°)

Muon systems
* Replace DT &|CSC FE/BE

Ty
! electronics NSF
o N/

/s Complete RPC coverage in -
~ region1.5<n<24 DOE

N tagging 2.4<n<3

*Replace Endcap Calorim &g} >
* Rad. tolerant - high granu

Replace Tracker *

* Rad. tolerant - high granularity - significantly less material
* 40 MHz selective readout (Pﬁ) in Outer Tracker for L1-Trigger

* 3D capability

\

* Extend coverageto n=3.8

U.S. DEPARTMENT OF Office of
ENERGY i |:| = U.S. contributions to CMSIHHC Upgrade Scope 9




) ILC: Statusin the U.S.

While awaiting a decision by the Government of Japan to host the ILC,
the U.S. continues R&D efforts, focusing on areas of cost reduction for
the accelerator (e.g. SRF cavities, gradient, Q-factor).

R&D:
. . . 11
AU.S. has invested heavily in ILC and O FerFey | 2K.13GHz
detector R&D in past years, [ Nitrogen Treatment RED = N-infused (FNAL)

® N-infused (rep. @ JLab) A
© N-doped (FNAL)

particularly Superconducting RF.

3 ,\“AA“)M“AAA& Aﬁ.’a» A N-doped (rep‘. @ Comell)-
A ﬂl‘.... 'Ax‘ ¢ Standard ILC ]
Present R&D program focuses on cost | wosomsogpern, | o4
reduction for SRF (gradient, Q). S |- g O.C’.O.egi_\
. . S g.LCLSII ;
ABuilds upon past investment and upon e /_ ) :

Fermilab & Jefferson Lab experience in

providing SRF for the LCLS-II light [
source at SLAC j (e.g.ILC)

10

| | |

AOther ILC R&D efforts, e.g. positron 0 & I B A XN E W
source, detectors, are very modest in B (M ]
current budget situation.

See A. Grassellino presentation.

.. ]
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SiiD -
Nt
Tracking System

SLAC, U.Oregon, UC Davis, ANL, UNM, Yale, (Bristol)

Electro-magnetic calorimeter

SLAC, U. Oregon

Hadronic calorimeter
UTA, SLAC, ANL

Muon system
FNAL

Forward region
UCSC, SLAC

MDl/Installation
SLAC, (DESY)

Computing/Software/Physics

Silicon Detector

—_—

- Weekly detector optimization meetings
(many students)

- Design options

- New (DD4HEP) simulation

- Physics studies

- Cost estimation/reduction

- Mechanical/electronics engineering to
support conceptual design

Flexible Heliu

SLAC(DESY), PNNL, (Glasgow), UO, UTA, ANL

ALCW Fukuoka 2018
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06 — Vertex Detector
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Fo— Strip Tracker

20 80 70 €0 50 40 30 20 10

Z Spokes

Andy White, UTA
Marcel Stanitzki,
DESY
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International Large Detector

A Letter of Intent published in 2010. Includes 12 US and 5 Canadian institutions.

A Since 2015, ILD has transitioned to a more formal management structure. Currently 71
institutions are members of the Institute Assembly including 7 from the US and Canada.

o Carleton, Indiana, Kansas, McGill, NIU, Princeton, Victoria

AlLDés current effort is focused on preparin
understanding better the detector optimization and performance.

A Pending the green-light, securing funding for ILC targeted work in North America has
been difficult. Some limited funding possibilities with base-grant funding and now with
US-Japan. Canada similar.

A Activities:
McGill, NIU T participation in CALICE R&D collaboration
Carleton, Victoria, Cornell i contributions to LC-TPC R&D collaboration
Kansas - physics and detector studies, ILD management (Wilson)

A Contacts in North America: Alain Bellerive (Canada) and Graham Wilson (US).

CLIC Detector
ANL, U. Michigan, and Pontificia Universidad Catolica, Santiago, Chile

.. ]
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j Pursue the physics associated with neutrino mass.

Operating in U.S.:

Short-baseline:
AMINERVA
AMicroBooNE
ACOHERENT

Long-baseline:
ANOVA

U.S. working
abroad:
Reactor:
ADaya Bay
Long-baseline:
AT2K/SuperK

Future in U.S.:

Reactor:
AProspect
Short-baseline:
ASBN
AMicroBooNE
‘ ASBND
AICARUS
ACOHERENT

Long-baseline:
ALBNF/DUNE

P 5 : In cofiaboration with international partners, develop a coherent short-
and long-baseline neutrino program hosted at Fermilab. 0

]
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J)\ Short-Baseline Neutrino Program

Two goals:
AResolve experimental anomalies in measured n-spectrum, including
search for sterile neutrinos.
ADemonstrate the liquid argon TPC detector technology for DUNE.
Three detectors:
AICARUS i brought from Gran Sasso, Italy via refurbishment at CERN.
Now at FNAL.
ASBND i Short-Baseline Near Detector
AMicroBooNE - operating

MicroBooNE

MiniBooNE (existing)
170-ton LAr

Far Detector i ICARUS (760-ton LAr)
Now preparing for detector installation

ALCW Fukuoka 2018 Montgomery, Particle Physics Program in North America

14



3 Long-Baseline Neutrino Program i LBNF/DUNE

LongBaseline Neutrino Facility / Deep Underground Neutrino Expt

Sanford

Underground e
Research ——— —
Facility = = =Y
o s v o ," .
e v Yoo v v :I v
v v V-~V - v -
v v v
- v v
o v v v
S \,“‘:“".‘
2 UNDERGROUND
¥ f :
E

LBNF/DUNE

A Identified by P5 as thénighest priority large project in its time frame. |

A Centerpiece of a U.Shosted, international neutrino program. 13?5;”‘35?"“-

A The Ftinternational science facility hosted in the U.S. 31 nations

UK-U.S. S&T Agreement
20 Sept 2017

Some recent agreements

US DOE i India DAE
S&T Agreement for
neutrino physics

16 April 2018
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