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ATLAS

1) State of Knowledge at the Energy Frontier
— Higgs, SUSY, Exotica, etc....

2) Physics Goals for the next two decades
— Plans and Projections for ATLAS and CMS

3) Hadron Collider Evolution
— LHC Upgrades

| predict
everything !

4) Detector Challenges to meet those Goals
— ATLAS and CMS upgrade strategies

5) Ongoing R&D Summary

— Emphasis on US involvement

— Many efforts here — no time for details .
the Nostradamus seal of approval
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Special Thanks To
— Daniela Bortoletto, Abe Seiden

More Information

- ATLAS
> physics documents https://twiki.cern.chl/twiki/bin/view/AtlasPublic
> Phase-1 LOI CERN-LHCC-2011-012
> Phase-2 LOI CERN-LHCC-2012-022
- CMS
> physics documents http://Icms.web.cern.ch/news/cms-physics-results

> Phase-1 HCAL TDR CERN-LHCC-2012-015
> Phase-1 Pixels TDR CERN-LHCC-2012-016

— General
> HEPAP Facilities Report http://science.energy.gov/hep/hepapl/reports/
> European Strategy homepage
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic
http://cds.cern.ch/record/1402470
https://cds.cern.ch/record/1502664
http://cms.web.cern.ch/news/cms-physics-results
https://cds.cern.ch/record/1481837
https://cds.cern.ch/record/1481838
http://science.energy.gov/hep/hepap/reports/
http://europeanstrategygroup.web.cern.ch/europeanstrategygroup/
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Still Seekin

g-g production, g— tfﬁ?

Searches” - 95% CL Lower Li (Status: March 26, 2013
T T T T TTT | T
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=3 mass

g
Gmass  mid <2 e, lgnti’) ATLAS

— CMS prehmmary = SUS-12-024 0-lep (F;+H;) 19.4 1b'—

MSUGRA/CMSSM : 0 lep +'s + Ep .
MSUGRA/CMSSM : 1 lep +'s + E; .,
Pheno model : Olep+j's+E ..

(8 3s]
=
D

Pheno model : 0 lep + s +E Gmass  mi@ <2 Tev. lghts Preliminar — I — SUS-13-007 1-lg I'I =6)19.4fb I
P+ T.miss q ry

g Gluino med 7 [G—aTE): 1lep + /s +E,.. |Eertammiiizmsisss BGA § mass i) < 200 Gev,miz't = Rt i - \s = 8 Tev

H GMSB \NLSP) 2lep (OS) +[s+E LedT 7 Tel [1208.4688] WITW §mass  qang<15) — a

; GMSB it NLSP}pg t)+J s+ E:::: Le20.7 17,8 TeV [1210.1314] 1407eV] § mass fang > 18) ?CID M H 2 1 = SUS-12-017 2"9]3 (SS"‘b:' 10.5fb" —

5 GGM (bino NLSP) :yy + EL Le4.8 15, 7 TeV [1208.0753] AdiTev] §mass (mi )= 50 Gevy orlon N

GGM (wino NLSP) :y + lep + e”
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GGM (higgsino NLSP) : Z + jets + E,,ms
Gravitino LSP : ‘monojet' + £,
g)abb/ :0lep+3bjs+E,
G172 SS5-lep + (0-3b-)s + E |
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lt{memum t—>b/ ‘2lep+E; L.

- -1
L=4.8 b7, 7 TeV [ATLAS-CONF-2012-144] BiBGeV] § mass J.L[” =(4.4-20.7)f
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L=20.7 s, B TeV [ATLAS-CONF-2013-007] 430GeV| b mass
L=4.7 0", 7 TeW [1208.4308. 1200.2102] i
L2207 f5", B eV [ATLAS-CONF.2013.037]

L=13.0 #15", 8 ToV [ATLAS-CONF-2012-167]

- Il{heavy] I—>I; 1 \eu+ b-jet + E
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_ It {natural GMSB): Z(—ll}+ b-jet+ E
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X,. x 3lep+E :s

T.miss
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Stable g, R-hadrons : low B, ﬁ;
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GMSB, / a[G non-pointing photons

,« — qgu {RF’V] u + heavy displaced veriex

LFV : pp—V _+X,V_—e+u resonance

LFV : pp—V +X,V —e(u)+t resonance

~ E!lllnear RPV CMSSM 1lep+7js+E; e
9 1 1 ¥ —>W;‘ x —>eevp,e|.w ‘dlep+E
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Tmiss
— qg 3 -jet rescnance pair
Gt t—abs 2 55| Iep +(0-3b-)'s + E

TRV Jlep+E

L=20.7 15", B ToV [ATLAS-CONF-2013.037]
L=20.5 115", B ToV/ [ATLAS-CONF-2013.024]
L=20.7 #", B ToV [ATLAS-CONF-2013.028]
L=20.7 fi". B ToV [ATLAS-CONF-2013.025]

L2477, 7 Te [1208.2584) 85195 GeV

Le47 167 7 TeW [1208.2684]
L=20.7 157, B oV [ATLAS-CONF 2013.028]
L=20.7 16, B oVl [ATLAS-CONF-2013.038]
L=20.7 #5", B ol [ATLAS-CONF 2012.038]
Lea.T 0, 7 Tew [1210.2852]
L=4.7 0", 7 TeV [1211.1587)
L=4.7 0" 7 TeW [1211.1587)
Le47 fo" 7 Tel [ATLAS.CONF-2013.018]
Leaa o 7 Tew [12102831)
Led6f0", 7 Te¥ [12121272]
Led 6 7 TeW (12121272]
L=4.7 0" 7 TeV [ATLAS-CONF-2012-140]
L=20.7 15", B ToV [ATLAS-CONF-2013.036]
L=207 167, B oVl [ATLAS-CONF-2013.036]
Lea.6 0 7 Tew [1210.4819)
L=20.7 167, B oV [ATLAS-CONF-2013.007)
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*Only a selection of the available mass limits on new states or phenomena shawn,
Al limits quoted are observed minus 1a theoretical signal cross section uncertainty.

Strongly Produced q,9 >1TeV
Weakly Produced Yo > 200 — 300+ TeV
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Other Searches

LQ1, B=0.5
> T — . LQ1, p=1.0
ATLAS Exoics Searches* - 95% CL Lower Limits (Status: HCP 2012) C I ¥ I S EXOTl( A\ 95% CL ExcLusion LiMITs (TEV) il
T T T T 117 T L T T 1 117 T T T T T 11T rFT
Large ED (ADD) : mongjet + E; .. |ESaErev 21041 ‘ asrTev| M (5=2) | " (qg), dijet LQ2, p=1.0
Large ED (ADD) : monophoton + E; . |E=ilefs 7 Tevii20eas) AmaTe M, (5-2) ATLAS o qg’,( :N) LQ3 (bv), Q=£1/3, B=0.0
@ Large ED (ADD) : diphoton & dilepton, m,, ,, |ESi e zsmis) aEal M, (HLZ 5=3, NLO) alq ~ x
[ ° ry i Preliminar " @2) LQ3 (br), Q=+2/3 or +4/3, p=1.0
s} UED : diphoton + E, .. |E=iSiE e AT A o127 AdiTev] Compact. scale R 24 . q a top (b
% S‘sz ED : dilepton, m, [ESiSS0"5 eV 12682555 aFaed M., - R’ q”, dijet pair stop (b1)
& RS1 : diphoto & dilepton, m,, ,, |EiSBETewiziEEs 236w Graviton mass (k/Mg, = 0.1) q", boosted Z
= RS1 : ZZ resonance, m,, | ESiRi6A7 TeV j12035718) #asGav] Graviton mass (kiMg = 0.1) e, A=2TeV Co mpOSITe ess
_ . :
© RS1: WW resonance, my ,, (DSl a0 |i26a2680) A28 Graviton mass (kiMg, = 0.1) Ldt = (1.0-13.0) fb pLA=2TeV b' = tW, (31, 2I) + b-jet
= RS g —tt(BR=0.925):Hl - I+jets.m L=4.7 15", 7 TeV [ATLAS-CONF-2012-436] AGTewl g mass _ ', b'/t’ degenerate, Vib=1
a ADD BH (M, /M,=3) : S5 dimuon, N . |ESiS 87 o0 66801 s M (5=5) f5=7.8TeV : 0 2 3 4 5 g gb, . Miets
ADD BH (M, i ,=3): leptons + jets, 1p (el a e HameE s M, (5-6) Z'SSM (ee, pu) — , e
Quanlum b\ack hele : dijet, F (m £=471b", 7 TeV [1210.1718] ATV M, (5=6) Z'SSM (t1) —_— B’ = bZ (100%)
qqgq contact interaction :x(m ) |L=d8 0™, 7 Tev ATLAS-CONF-2012-038] 7ETV A Z’ (tt hadronic) width=1.2% T — tZ (100%)
G _ qqll CI ‘ee B, |Eeaas o e i) A3@7eu| A (constructive int.) Z’ (dijet) t' — bW (100%), l+jets
uutt Cl: S8 dl\eplﬂl‘\r +jets 4.EJ e |L=1.0 16,7 Tev [1202.5520) : } Z (tt lep+iet) width=1.2% — t' — bW (100%), I+
Z(SSM) im  TaV [ATLAS-CONF-2012-129) 240TeV 7' mass Z'SSM (Il fob=0.2
7 (SSM)  m TaTev, 7 mass G (dijet) | )
- " 7 Te y .55 Te ¢ . T
% w (SSM:) ti | P AT - 255Tev| W mass G (ttbar hadronic) CLA.X analysis, A+ LL/RR
W (—=1q, g =1):m,, |Lea7m" 7 Tev (12006593 430GeV| W' mass G (jot+MET) k/M = 0.2 — C.I. A, X analysis, A- LL/RR
W, (— tb, SEM) M, |e=t0m" 7 1ev a0 1016) 14378V W' mass U o0 —— C.l., py, destructve LLIM
Wy, e e iz s Zaztev| W mass S (v oM = 0.1 C.L., iy, constructive LLIM
o Scalar LQ pair (8=1) : kin. vars. in eej, evj] |t=tam.7rev [rhi2sa2s) seocav 1 gen. LQ mass G (Z()Z(a) k/MV\T ?IJ) =t U single & (HnCM) Contact
Scalar LQ pair (§=1) : kin. vars. in o] i |L=tom 7 Tev [1203.3172) e8sGev 2" gen. LQ mass " v, —_— s '
- Scalar LQ pair ([,a 1) : kin. vars. in i |=a7 167 7 Tev (Prefiminary) 5386GaV  3” gen. LQ mass W' (dijet) — &i C'.Il‘ls!n?lzu (tH”?M) Interactions
2 4" generatlon HA, WbWh [t=47 " 7 Tev [1210.5488] 656 Gav [ mass W' (td) ? | c o mcj Jet; castug !ve
5 4™ generation : b'b Tos)—= WEWE | L7 b7, 7 TeV [ATLAS-CONF-2012-430] 6706ev| b'(T_ ) mass W'= WZ(leptonic) — s .1, incl. jet, constructive
3 New quark b’ : b B ZbeX, m,_ | eaaiiass a00Gev | b' mass : WR’ (tb) p—
g Top partner : TT — tt + A Ay (d\IePtDn‘ Ml_j anm:',ngu [1209.4188] a836ev | T mass (m(A ) < 100 GeV) ) WR, MNR=MWR/2 ~S— Ms, yy, HLZ, nED = 3
@ Vector-like quark : CC,m,,, |£=45 " 7 TeV [ATLAS.CONF-2012137] 1427ev| VLQ mass (charge -1/3, coupling kg = vim) WKK 1 = 10 TeV Ee=ssi——1
=z Vector-like quark : NC, m, =461 7 Te [ATLAS-CONF2012-137] 1.08Tev VLQ mass (charge 2/3, coupling k., = v/mg) H= ’ Ms, yy, HLZ, nED = &
S Excited quarks : y-jet resonance, m " | e iz sasei Zaatev] o mass pTC, nTC > 700 GeV | L Ms, Il, HLZ, nED =3
SE Exciled quarks : dijet resonance, i, [ESis0i%s 1oy ATLAS coneZow-1a8 SEaTev] " mass String Resonances (qg) . ) Ms, II, HLZ, nED = 6
L= Excited lepton : Iy resonance, m £=13.0 fh”, 6 TeV [ATLAS-CONF-2012-146] 22Tev |* mass (A = m(l*)) s8 Resonance (gg) — MD. iet. nED = 3
Techni-hadrons (LSTC) : dilepton, mm,w p o, mass (mip Jo) - mix,) = M,) E6 diquarks (qq) HINORe B =
Techni-hadrons (LSTC) : WZ resonance (vlll), L p, mass (mip.) = mn} +my, m(a;) = 1.1m(p.)) Axigluon/Coloron (qgbar) MD, meonojet, nED = 6
5 Major. neutr. (LRSM, na mixing) : 2-lep + jets N mass (m(W_) = 2 TeV) gluino, 3jet, RPY [ I ! MD, mono-y, nED = 3
= W, (LRSM, no mixing) : 2-lep + jets W mass (m(N) < 1.4 TeV) MD, mono-y, nED = 6
I} HZ (DY prod., BR{H-—1)=1) : SS ee (u), m H* mass (limit at 398 GeV for w1 ; : 1 2 3 4 5 P :
H* (DY prod., BR(I’?AELL) 1):8Sewm ! H* mass gluino, Smpfe‘j f"gg‘; MPH, rotating, MD=3Tel, nED.=2
Color octet scalar : dijet resonance, m, Scal stop, | MBH, non-rot, MD=3TeV, nED = 2 0 3
r: dijet ri calar reslun?am‘:elm‘a‘si T stop, Stopped Gluino Long EXTI’O DlmeﬂSIOﬁS

MBH, boeil. remn., MD=3TeV, nED = 2
MBH, stable remn., MD=3TeV, nED = 2
MBH, Quantum BH, MD=3TeV, nED = 2

5

stau, HSCP, GMSB
hyper-K, hyper-p=1.2 TeV
neutralino, ct<50cm

& Black Holes

107 1 10 102 Lived

Mass scale [TeV]

*Only a selection of the available mass limits on new stafes or phenomena shown

<
i
n
w
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No Hints Yet !
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Measure the Properties of the newly-discovered Boson
- couplings, partial width ratios, spin
— Higgs self-coupling under study: 3c/exp possible

ATLAS Simulation
{s=14TeV: |Ldt=300 b ;

H—pu
ttH,H—uu
VBF,H->1t

H— WW

|Ldt=3000 fb™
|Ldt 300 b extrapolated from 7+8 Te\ar

VH,H—yy

ttH,H—yy

VBF,H—yy

0 02 04 06 08

An
IIJ Hal Evans

ATLAS Simulation
Vs =14 TeV: [Ldt=300 fb'; [Ldt=3000 fb

|Ldt 300 b extrapolated from ?+8 TeV

I,/ T

0 02 04 06 08

AC/Ty)  Alk/xy)
I /Ty N Ky/ Ky

Energy Frontier R&D

CMS Projection

T l T T T T l T T T T l T T T T I T T T T
Expected uncertainties on 10fb"at f5=7 and 8 TeV —
Higgs boson signal strength p 30017 at 5= 14 TeV —

300 fb"at 5 = 14 TeV wio theory unc.  |—
Hovy f f — |
H-oZZ [ H H
H— WW | o
Ho1tx i H H |
H—bb | :

1 I L 1 L ) I | | 1 | | 1 | L 1
0.0 0.5 1.0 12 2.0




ATLA

Continue Searches for New Particles/Deviations from the SM
- LHC will remain the energy frontier of the Energy Frontier

Squark-gluino grid, m _,=0. Vs=14TeV METNHT>15GeV"

4000 0 T T T T T T e T '__I-_
10-2 \ I \ \ \
EWKino | | | |
| |

G [pb]

m— 300 it discovery reach

m; [GeV]

3500 B BB 3000 b enchusion 95% CL |

W 3000 b discovery reach
& — = - 300" exclusion 95% GL
™1 |

|
10-3 | \ | f CMS
Stops/sbottoms ~ | | ®HE-LHC33

10 | ®HL-LHC14
Squarks/gluinos * LHC14

10° A y | | |
0 1

3000

2500

2000 £n, sys=30%
L ATLAS Simulation

=

15003000 2500 000 5500 4000  10° ? ol regtch i e
my [GeV]
ATLAS: Weak Boson Scattering CMS: Lepto-Quarks (€8j))
500 g=1.0 2.40 7.50 Low S/B 1.6 TeV 1.8 TeV 2.5 TeV
1TeV g=1.75 1.70 5.50 High S/B 1.7 TeV 2.3 TeV 3.5 TeV
1 TeV g=2.5 3.00 9.40
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LHC Roadmap (tentative)

2009
2010
2011
2012
2013 LS1
2014
2015

2016

Phase-0

2017

2018 LS2

2019

2020

Phase-1

2021

2022

2023

20307

“HL-LHC”
Phase-2

IIJ Hal Evans

< LHC startup, V s = 900 GeV

\ s=7~8 TeV, L=6x1033 cm2s-!, bunch spacing 50 ns

~20-25 fb!

Go to design energy, nominal luminosity (Phase-0)

Vs=13~14 TeV, L~1x103* cm2 5!, bunch spacing 25 ns

~75-100 fb™!
Injector and LHC Phase-1 upgrade to full design luminosity

V s=14 TeV, L~2x10 cm2 5!, bunch spacing 25 ns

- ~350 fb!
HL-LHC Phase-2 upgrade, IR, crab cavities?

V s=14 TeV, L=5x10% ¢cm2s”!, luminosity leveling

~3000 fb"

S. Bertolucci: HCP2012

Energy Frontier R&D 9



Accelerator Evolution

B*
crossing angle
bunch length
N, / bunch
spacing
luminosity

pileup
Int. lumi.

IIJ Hal Evans

1.96 TeV
7-11 pm
0.28 m
0
30 cm
2.9x10% / 8x10

396 ns
4.3x10% cm2s?!

12 fb™

8 TeV
2.2 um
0.6 m
290 prad
9cm
1.6x10%4

50 ns
0.76x103%

35
22 fb™

13-14TeV 14 TeV 14 TeV

1.4 pm 2.5 um 2.5 um

0.4m 0.3 m 0.15m
300 yrad  ~450 yrad 590 prad
7.55 cm 7.55 cm 7.55 cm
1.15x101*  2.0x10% 2.0x10%

25 ns 25ns 25ns
2.0x10%  2-3x10%*  5-7x10%
(levelled)

48 >80 140

75 fb™ 350 fb™ 3000 fb™*

S CMS

33 TeV
2.59 ym

0.6 m
188 urad
6.5 cm
1.3x10%

50 ns
2x1034

/6
300 fb™

Energy Frontier R&D
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1. Instantaneous Luminosity

- event complexity

- data volume \?ATI.AS

RIMENT

CMS: Z - yp with 78 vertices

2. Integrated Luminosity
- radiation damage

3. Component Activation
- constraints on detector manipulation

];l] Hal Evans Energy Frontier R&D 11



S
Tracker
ECAL
HCAL
Muons

Muon Deteclors Tile Calorimeter Liquid Argon Calerimeter

Toroid Mégners Sﬂrenoi'-d Mognet SCT Trocker Pixel Detector TR'T Trocker

];l] Hal Evans Energy Frontier R&D 12



Object Reconstruction

W, Z, tt

- single e,p triggers with p. ~ 20 GeV
« di-jet triggers in the 60—-80 GeV range

HH > bbyy & ttH,H>yy «photons with E_~ 25 GeV

VBF H - 11
VBF. H-vyy & H-WW

squarks, gluions, stops

ATLAS: p Thresholds

8 1 AN R R AR R RN RARRR RS
5 | ATLAS Simulation, 14 TeV|
=t — wH .
o 0.87 —— SUSY-direct-gluino ]
% L — i
8 | i
2 05 20 - 30 GeV |
i ==>x1.3 - 1.8]
i reduction
0.4 —
0.2 —
07|\|\|\|\\\H\|\|\|\|\|\|\H\|\|\|\|\|\ A

0 10 20 30 40 50 60 70 80 90 100

true muon P, [GeV/c]

IIJ Hal Evans

* retain/improve current b-ID performance
e retain/improve 1-ID performance

* retain forward jet capabilities

* missing Energy + b-1D

ATLAS: jj Trigger Thresholds (tt)

CMS: Phase-1 b-tag improvements

1w

%

ATLAS simulation

=)
)
31
T Cut
1]
o
\Il\lHlHll

[+
o

Current Detector: light quark mis-tag =1% (a)

Upgrade Detector: light quark mis-tag = 1%
Current Detector: light quark mis-tag =0.1%

(V)

TTbar E‘#iciency with H

[+
o

IIIIiHII]HHlHHlHH _\H‘I[II

J2 Threshold (GeV)
B-tagging Efficiency (%
N‘
=)

=]
=2

0.05

01..I...I...1...L

Upgrade Detector: light quark mis-tag = 0.1%

OO
N
o

o s e |
0 20 40 60 80 100 120
J1 Threshold (GeV)

Energy Frontier R&D

80

P
100
Average Pileup
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Phase 0

Phase 1

Phase 2
(tentative)

ATLAS & CMS Upgrade Overview =

CMS

|
* new insertable b-layer pixels (IBL) + services * new beam pipe (necessary for pixel repl. 2016/17)
* new Al beam pipe « complete muon coverage (4th endcap layer)

* new low voltage power supplies for calorimeters * barrel drift tube electronics

« finish installation of EE muon chambers (staged) * replace HCAL forward photo-detectors (new PMTSs)

* topological triggering at Level-1 * replace outer HCAL photo-detectors (SiPMs)
« dataflow improvements (merge L2/EF/EB) * Level-1 trigger upgrade
* new evaporative cooling plant * DAQ improvements

» added neutron shielding
* new Small Wheel (hSW) for forward muon system ¢ pixel detector replacement (2016/17)

* higher granularity calo information to Level-1 * HCAL electronics/granularity upgrade

« fast tracking trigger (FTK) at Level-2 * complete Level-1 trigger upgrade

» expanded topological capabilities at Level-1

» complete tracker replacement (all silicon) » complete tracker replacement

« calorimeter electronics upgrade (fully digital) « forward region: tracking, calorimeters, muons
* muon system/electronics upgrades * track trigger at Level-1

- forward calorimeter upgrade/replacement « further trigger upgrades

e track trigger at Level-1
« overhaul of trigger architecture

note: lots of standard maintenance and improvements at each phase

Phase 0:
Phase 1:
Phase 2:

IIJ Hal Evan

all projects now in production Summary of Main

R&D well advanced for most projects US R&D Efforts

R&D started for many projects In the following slides
S Energy Frontier R&D
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Common CERN RD Projects

- RD42 Diamond Detectors http://rd42.web.cern.chird42]/
- RD50 Silicon Detectors http:/Ird50.web.cern.ch/rd50/
- New 65 nm Chip Design 27 Nov, 2012 meeting

Versatile Link Project

- rad-hard, bi-directional optical link at ~5 Gbs
— https:llespace.cern.ch/project-versatile-link/public/default.aspx

QIE10: Charge Integrating ADC with TDC
- studying adapting Fermilab design for ATLAS TileCal and CMS HCAL

Many other Joint Efforts
- XTCA, Power, ...

];lJ Hal Evans Energy Frontier R&D 15


http://rd42.web.cern.ch/rd42/
http://rd50.web.cern.ch/rd50/
http://indico.cern.ch/conferenceDisplay.py?confId=208595
https://espace.cern.ch/project-versatile-link/public/default.aspx

Tracking

- Pixels: large wafers, edge reduction,
rad hardness, electronics,
optical transmission

|~ Solenoid

i // Cryostat inner wall
et =0.0 , =10 ) .

] ; e Strips to |n| 2.5
— . J /l/,/t”' 5 barrels, 7 disks

15 20

1.0

r(m)

barrel stub for gap

— Strips: mechanics, cooling, powering, ={=—— "~ < Pict 0 01 2.7
electronics, DAQ ? N beampipe
Calorimetry Nevis12: dual 12-bit ADC
- rad-hard ADC (Phase 1) for Liquid Argon
- QIEASIC for TileCal /O il OONDO0D0000
— detector development for T L M L

Forward Calorimetry

Trigger
— Level-1 Track Trigger

DDPU: apply

- -
I I m el I n e (P Morcira) calibration l sensize (CERN])
constants etc.

Reference V&I SLVS outputs

— Ph-1 TDRs: summer-fall 2013
IIJ Hal Evans Energy Frontier R&D 16



TraCker n 04 III.E 0.3 04 05 l_lﬁ l."l.'.’I 0.8 09 1.0 ‘_l,'l 12 1.3 14 ‘15
Ll R S NF NN N g

_ Stack Members [l

projection of

— rad-hard sensors/electronics, e

= - 1000 : i 3 'snmtbarredls
cooling, DC-DC powering 7. =
24 S EET === of outer barrel

600 ! e e

400 B 3 M P el =

F (0] I'W&I"d Cal (@) I'i m Et I'y E AR L e =) aubl Sack Phase 2 Long-Barrel

200 B e “All-Trigger" Silicon Tracker

-

H - — J' :}::"_;;-;s_e---___ixe _e ector
- rad-hard cryStaISIceramlcs’ flbers D: e 4?: i at:DP “:)1t2‘tHIlt 1600 2000 2400 2800 z(mm)
— GaAs photosensors
- readout schemes

Trigger
— Level-1 Track Trigger

Timeline

— Ph-2 Technical Proposal: 2014
— TDRs: ~2016

Bond pad redistribution
Short strip (Imm) sensor

ROIC

];l] Hal Evans Energy Frontier R&D 17



Conclusions

Strong Physics Case for LHC Upgrade Program

- continued studies of Higgs-like particle
- direct detection of new particles at highest mass scales

Accelerator Plan can provide data to meet our goals
- 350fb? L - 2x10%* cm=2s™ by ~2021 (Phase 1)
— 3000 fb* L ~5x%10%* cm=s™ (levelled) by ~2030 (Phase 2)

ATLAS and CMS upgrades to deal with this data

- event pileup, radiation damage, activation
- Phase 1: projects well-defined, moving into construction phase

- Phase 2: R&D needed in many areas

> rad hard detectors & electronics; data transmission; powering;...
> a lot of ongoing effort in the US

IIJ Hal Evans Energy Frontier R&D
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