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@TruMe | ishlights of QCD and Top Physics at Run|

& Agreement with the NLO pQCD predictions

over several orders of magnitude
s =8TeV anti-k; R=0.7 L=10.71fb" CMS Preliminary

® The LHC is a top factory

& extensive program of precision measurements
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R TRIUMF Highlights of EWK Physics at Run |

Feb 2014
& Measurements agree with the SM predictions o  F ' :
= 05 C | ? 7 TeV CMS measurement (L <5.0fb")
& single boson for tune modeling and input to o 10°E § 8TeV CMS measurement (L < 19.6 fb")
proton structure g- o il 7 ToV Theony mredicton
. o Lo c— = 2n jel(s)
& diboson to test EWK predictions and aTGC 5 =B 8 TeV Theory prediction
S = |5
. 3 | o . .
® Evidence of VBS and EWK-only VBS D107E - CMS 95%CL limit
7)) — S S
& final state with two same sign Ws and jets 8 12k .7 T
=l 1 7 = ).
1410.6315, CMS 1405.624 1, ATLAS S oL | A
(3 0 = | -
- =
'8 -
@ ALY RAARA RALLE MLLLY RALES RALLE RARES RELLY DALY R = 1
§ 30: ATLAS e Data 2012 N Q = -
W F 20.3 fb™, Vs =8 TeV BZZ Syst. Uncertainty 1 1oL —
D W*Wr¢jj Electroweak— TE
F - M;>500 add I W*W+jj Strong . = -
20 : WS Prompt - Tw T2 Ty Wzn Tow Twz T 22 7T 20 T
N — Conversions - Vv ™
» B Other non-prompt 1 .
15 ® Measurement of WWV cross section
» 4.50 for WWjj
1o—+ S8 s ATLAS (CONF-2014-033)
: 3.60 for EWK-WWjj
- ; 71 4+1.2 +5.0 +2.2 o
51 “_12 (stat) 44 (syst) 21 (lumi)~pb

o CMS (Phys. Lett. B.721 2013 290)
0 1 2 8 4 5 & 7 & 9 69.9 1 2.8 (stat.) == 5.6 (syst.) £+ 3.1 (lum.) pb

& (MCFM 58.7 + 3.0 - 2.7 pb)
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Highlights of Higgs Physics at Run |

From a “Higgs-like” particle to “a Higgs” boson:
entering the precision era of Higgs physics at the LHC
Spin/parity 0+ favored and couplings measured in 2012 compatible with the SM

& Comprehensive program including measurements of
cross-section and BR in a variety of modes

& Measurements of the mass

& my = 12536 + 0.37 + 0.18 GeV [IELEL VSIS
125.02 £028 (stat) *$14 (syst) GeV

& Measurement of the width

QmH

. . . CMS 19.7 o (8 TeV) + 5.1 fb" (7 TeV)
& using its relative on-shell T 10— 4 observea
_ . eenanas 4] expected
and off-shell production I T avar . observed

and decay rates to a pair of Z " gl 2zvea,,, expectes
| —— Combined ZZ observed

2 2 e Combined ZZ expected
0.on-shell o~ g ggHg HZZ S
gg—H—Z7Z erH H o 77
off-shell 8eoH8HZZ A
TegH 22 ™ T 0y 32 [H< 22 MeV (95%CL)

5.4x SM

48 < nW/MPMy<7 .7

(95%CL)

CMS, 14105.3455 FH (Mev)

ATLAS-CONF-2014-042

ATLAS Prelim. |—ot(stat)  Total uncertainty
my=125.36 GeV | _ (g3, inc- tic onp
Phys. Rev. D 90, 112015 (2014)
H— vy iy

w=117:957 5% —
arXiv:1408.5191 l . I I
HoZZ*—>4 3% —

w=1.4470401:0% e

Al

arXiv:1412.2641

H—- WW* > Ivlv /518

. 0.17
U= 109i8§:13 “o.14

arXiv:1409.6212
W,ZH— bb 0| —1—
. 0.2
w=0.59%02|  —1—
. |
ATLAS-CONF-2014-061
Ho1tt o i
0.3
M= 1.4705 153 =

0 0.5 1 1.5 2
Signal strength (u)

released 12.01.2015

1501.04943

u=1.43 *048_43; I
5

\s=7TeV [Ldt = 4.5-4.7 b
\s =8 TeV [Ldt = 20.3 fb"

New H—TT!



R TRIUMF SUSY at Run |

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

Status: ICHEP 2014 Vs =7,8TeV
1iss - . s
Model G, T,Y Jets l’«“ JLdim) Mass limit Reference
Ll L} L) Ll l L] Ll Ll Ll L] Ll Ll L] " L] Ll Ll Ll Ll Ll Ll
MSUGRA/CMSSM 0 2-6 jets Yes 203 4,2 1.7TeV m(g)=m(g) 1405.7875
MSUGRA/CMSSM 1ep 3-6jets Yes 203 |& 1.2 TeV any m(g) ATLAS-CONF-2013-062
MSUGRA/CMSSM 0 7-10 jets  Yes 20.3 4 1.1 TeV any m(q) 1308.1841
4, z,_.qi‘,' 0 2-6jets  Yes 20.3 q 850 GeV m(')=0 GeV, m({1* gen.q)=m(2™ gen. §) 1405.7875
2a, g—o(](ﬂ | 0 2-6 ]ets Yes 20.3 F4 1.33 TeV m[i‘;)-o GeV 1405.7875
22, 3—qg¥| —qqW =i Tep 36jets Yes 203 |& 1.18 TeV m(¥')<200GeV, m(¥* )=0.5(m{T})+m(z)) ATLAS-CONF-2013-062
88, g—qq(ll/lv/vy W, 2eu 0-3 jets . 203 |2 1.12 TeV m(¥})=0GeV ATLAS-CONF-2013-089
GMSB ({ NLSP) 2e.p 2-4jets  Yes 47 g 1.24Tev tang<15 1208.4688

I GMSB (7 NLSP) 1-2740-1( 0-2jets  Yes 203 |& 16TeV tang>20 1407.0603

S  GGM (bino NLSP) 2y - Yes 203 |Z% 1.28 TeV m(¥))>50 GeV ATLAS-CONF-2014-001

£ GGM (wino NLSP) Teu+y - Yes 4.8 m(T})>50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) Y 1b Yes 4.8 m(¥})>220 GeV 1211.1167
GGM (higgsino NLSP) 2e,u(7Z) 03jets  Yes 58 m(NLSP)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 10.5 m(G)=10* eV ATLAS-CONF-2012-147

:‘-g g_.bm, 0 3h Yes 201 |& 1.25 TeV m[i.l <400 GeV 1407.0600

S8 i’ ‘) 0 7-10jets  Yes 203 |2 1.1 TeV m(¥}) <350 GeV 1308.1841

= Ec g—m”(. 0-1ep 3bh Yes 201 g 1.34 TeV i I 1407.0600

< G—bit| 0-1e.p 3b Yes 201 |2 1.3 TeV,
biby, by bt ) 2h Yes 201 |B& 100-620 GeV

g 5 biby, by —tky 2e,u(SS)  03b  Yes 203 |B 275-440 GeV C h % L t

8| 7ii(ighn, b t2ep  12b  Yes 47 |Z 11051BmGEw omprehensive program sensitive to

3 § 7171 (light), 7 —W, h\r? e 0-2jets  Yes 203 |47 130-210 GeV P P g
117 (medium), e , 2e.u 2jels Yes 20.3 8 215-530 GeV g

R e il 5 26 Yo o1 |i SRV RPC/RPYV, prompt and long lived SUSY

B i1iy (heavy), ll—»u 1epu 1bh Yes 20 n 210-640 GeV

< 2 tlll(heavy) 0| —tY) 0 2h Yes 201 i 260-640 GeV

- A, f-—*“h 0  mono-jele-tag Yes 20.3 i 90-240 GeV
iyiy(natural GMSB) 2e,u(7) 1b Yes 20.3 iy 150-580 GeV 1 5
iy, =i + 7 3e.u(Z) 16 Yes 20.3 i 290-600 GeV gIUInO mass > 0'6 I '4 Tev
b by, (-0 2e,p 0 Yes 203 |7 90-325 GeV > %

. Vixg, n—m«m 2e.p 0 Yes 203 |&; 140-465 GeV squark mass 400 900 GeV
VX, X =) 2r - Yes 203 |& 100-350 GeV .

BE Gl it otien  Sen 0 v 23 |fhm 700 Gev stop > 600 GeV (light LSP)
\‘,Ag_;u)‘Aab 2-3e.pu 0 Yes 203 : ,A:" 420 GeV 5 %
e ti2p v 2o |m 285 cov neutralino2 > 250-420 GeV (light LSP)
VoA, AZ —igl 4e.p 0 Yes 203 Xaa 620 GeV

g Direct l’| Y, prod,' long-lived if Disapp. trk 1 jet Yes 20.3 j’: 270 GeV

=2 Stable, stopped & R hadron 0 1-5jets  Yes 279 |& 832 GeV

g' GMSB, stable 7 , ¥ —#@, JAT(e, ) 1-2p - - 15.9 10<tang<50 ATLAS-CONF-2013-058

Q. GMSB. 1=y, long-lived | 2y - Yes 47

~ G, X —qqu (RPV) 1 p, displ. vtx - - 20.3 1.0 TeV
LFV pp—¥, + X, ¥, —e + 2e.pu - - 46
Vb X siee e oo s =‘ Similar program and sensitivity at CMS

= Bilinear RPV CMSSM 2e,.u(SS) 0-3b Yes 20.3 1.35 TeV

& T -wh) Ky seety euv. e - Yes 203 [& 750 GeV
ViXy 0 WH X orriery,  Sepu+T - Yes 203 X? 450 GeV
8499 0 6-7 jets - 203 | & 916 GeV BR(r)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
=iy, [y —bs 2e,u(SS)  03b Yes 203 |Z% 850 GeV 1404.250
Scalar gluon pair, sgluon—¢g 0 4 jels - 486 sgluon ~ 100-287 GeV incl. limit from 1110.2693 1210.4826

_E Scalar gluon pair, sgluon—17 2e, y (SS) 2b Yes 14.3 sgluon ~ 350-800 GeV ATLAS-CONF-2013-051

6 WIMP interaction (D5, Dirac y) mono-jet  Yes 10.5 m(y)<80 GeV, limit of<687 GeV for D& ATLAS-CONF-2012-147

4 1 1 ' l 1 ' 1 1 1 ' 1 1 I 1 4 ' 1 1 24 24
Vs =8TeV -
I - - full data 107 ‘ Mass scale [TeV] ; I
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Exotics at Run |

LQ1(ej) x2 stopped gluino (cloud)
LQ1(ej)+LQ1(v)) stopped stop (cloud) .
LQ2(j) x2 HSCP gluino (cloud) Long-leed
LQ2(j+LQ2(vi) Leptoquarks HSCP stop (cloud) Particles
ll:83(vb) X2 q=qZ/gg Eggg
3(tb) x2 =
|_Q3(Iﬂ; :2 neutralino, ctau=25cm, ECAL time
LQ3(vt) x2

j+MET, SI DM=100 GeV, A
j+MET SD DM=100 GeV, A
y+MET, S| DM=100 GeV, A

RS1(y), k=0.1 .'SD DM=100 GeV,
RS1(ee,uu), k=0.1 ’ = ’
(sgf(ﬂy) k=0.1 v+MET SD DM 100 GeV, A

CMS Prehmmory Extensive signature based
approach to search for
SSM Z'(t7) :
S Large Extra
SSM z-(gg)&zmg i Dimensions
SSM W'() | g the TeV scale
M Wzt (and beyond)

®  Similar program and sensitivity at

&* (M=A) ATLAS Compositeness
Ty ([VI=/\)
& ((:3; dimuons, A+ LLIM

dimuons, A- LLIM
dielectrons, A+ LLIM
dimuons, A- LLIM
single e, A HhCM

bt

coloron(jj) x2

BEEEEEE

coloron(4j) x2 MU”Ijef single g, A Hn\CM
luino(3j) x2 inclusive jets, A+
jul:::f(j(jl;; x2 Resononces inclusive jets, A-

0 1 2
CMS Exotica Physics Group Summary — ICHEP, 2014

17 21
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Dark Matter Search in Run |: Highlights

Indirect Detection

& Mono-X (X=jet, photon,W, Z, top) approach adopted to search for the

o4 .

g SM DM production of Dark Matter at the LHC

p ® results interpreted in EFT and simplified models
o SM DM

a N ® Dark Matter also originating from Higgs decays

Production at Collider

SR
q q A

Z/y*

q

) o S e} Cor'lnbinatilon olf VLI%F Ianld o

g :II 8 T B; 2 102k ZH, H — invisible CMS
'E'_I O D5 ATLAS 8 TeV W/Z had.( xx) _Z 1 3 Vs=8.0TeV,L= 18.9-119.7 fo! (VBF+ZH)
o 'Y, T - D1 ATLAS 7 TeV jet(yxx) »~x 10 Vs=7.0TeV,L=4.9fb" (ZH) B(H— inv) <0.51 @ 90% CL
= 10 — D5 ATLAS 7 TeV jet(xx) © 10 my, = 125 GeV
Q 1 0-36 SB?AGSNT 2010 (-
0 10. XENON100 2012 = 1404.1 344
e 1 0 """""" GJ
610 . B e O S T T T T T g))
L e —— 2
R Y N e — —_—
(:.;) 10 (&) [ CRESST 1o
c C [ CRESST 20
=10 S e

1 0 Q ] DAMA/LIBRA

10 — O B CoGeNT(2013)/90%CL

- p—— - S5 [ CoGeNT(2013)/99%CL
10 — c [ CDMS(2013)/95%CL
1 O- L L1 1 EI ES)l(J(l;go(:gl)Z)
2 3 -13 ! L L
10 10 o 10 > 3
m [GeV] 10 10 10
X DM Mass M,, [GeV]
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The Future

® Peak luminosity =Integrated luminosity

6.0E+34 Y
| w 1000

' A i i ~300/fb
— , \ <p> = 140 .
Ng 4.0E+34 - ﬂ oo R 100
S IR | = .
= N ap) | <t LN =
> 3.0E+34 W Vg W Vg -
= — — | — — 10 B\
2 <p> < 60 ; 2
'S 2.0E+34 o oo ; 2
2 13
O 1.0E+34 T+ feebeendeeeb L L SO RSN SR o
0 | e
s § -
c s 60
@ 0.0E+00 » f — —— 01 9
g 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 c

Year
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& Performance assessed using full simulation
& Run 2 detector and <p>=50, 300/fb

& New tracker (ITK) in Run | Calorimeter and
Muon system, with varying <p>

& Physics reach (mostly) based on generator level
studies with parameterized performance

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/

UpgradePhysicsStudies

hysics Program at the HL-LHC

Vil o
| '/‘ -//. — - —-'—._:_‘—’___

by 7 -

j

g———

& Performance assessed using full simulation
® Phase | detector (no aging) and <p>=50, 300/fb
® Phase | detector (aging except pixel) and <p>=140, 1000/fb

& Phase 2 detector (aging except barrel calorimeter) and
<p>=140, 1000/fb

® Physics reach (mostly) based on extrapolation under different
assumptions on uncertainties or Delphes

10


https://twiki.cern.ch/twiki/bin/view/AtlasPublic/UpgradePhysicsStudies
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsFP
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Vertexing

5 S T ATiAS Simulation Prefiminary | [

2 (JNPYN IR W SR S RIS S S S N O

:5 © - 7] 1

& Long-flat beam 2 S oah : %
. . > - ]

co.n.ﬁguratlon might A = EN =
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M 011 o
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Tagging b-jets

14 TeV, PU = 50/140

llll|llll|l|lI|IlIl|lIlI}llIl|llll[IlIl

- CMS Simulation Preliminary

—

® The capability of tagging b-jets critical to the

=
% C A, jetp, > 30 GeV, fl < 1.4 B =
success of the Higgs and BSM programs 8 loovamme =
& Detector aging and high pile-up lead to :},:3;10-1 }:gsrgyedpv ..... SR é.!;
higher mis-identification probability for fixed E b phase gg R — z %
b-tagging probability O s 5 3
& Phase 2 detectors recovering the b-tagging gm-z:_ T S g“
performance goals for Run 2 Efffffffﬁf:.::.?:::.::tifffifff:ffffffﬁfffifﬁ """" 5
- TR L m
A, g

S : : ;
lIIIIlIAIIlIIIm|l||l|ll||l||l||l|[llll
02 03 04 05 06 07 08 09 1

b-jet efficiency
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Jet Reconstruction and Substructure

& [n CMS, anti-kT jets reconstructed with R=0.4 from particle flow (PF), with additional rejection of

hadrons from PU (CHS), weighted by “PileUp Per Particle Id” algorithm (PUPPI)

1407.601 3

& In ATLAS, removal of low-pT R=0.3 subjects and pile-up corrections applied to hard-scatter jets
with R=1.0 to restore scale and improve energy resolution

-
3
14 TeV 14 TeV %)
N . . .. W ] . o o . . .. 0
% | GMS Simulation Preliminary & [ CMS Simulation Preliminary % . [ CMS Simulation Preliminary “
T 0 0.6 -
‘\% [ . —®— PF 140PU, aged 8’ —e— PF 140PU, aged v —o— PF 50PU 6"‘
L = —®— PF 140PU, aged =
1.6~ —©— CHS 50PU 16/ —©— CHS 50PU i} 3

- —o- ' O - —©— CHS 50PU
I —e— CHS 140PU, aged —e— CHS 140PU, aged L o g
Lo Q_I—O alo —&— CHS 140PU, aged A
tapo. - Puppi 50PU 14 ~ Puppi 50PU % |°s Puppi 50PU o
R ¢~ Puppi 140PU, aged ~ Puppi 140PU, aged © .' . * Puppi 140PU, aged §:
5
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(0] 28 B t w —
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© ~ ®I<1.2, 500 < p*' < 1000 GeV o u=200 ] - ®l<1.2, 500 < p*' < 1000 GeV - u=200 . 2
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i B - -n
- 05l applied >
o i B o
i R s Lieos e

Lol 9%eesiss
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Leading jet mass [GeV]

050 100 1

top mass

top mass

P A A I .
50 100 1?200 250 300 350 400 450 500

Leading iet mass [GeV]




RTRIUMF Further Pile Up Mitigation

& Using track based information (ATLAS) and the PUPPI algorithm (CMS), pile up jets are

0.04

discriminated from the hard scatter jets Charged fraction effective
14 TeV ~ W T T T T ey - i
3 i ] . =~ [ ATLAS Simulation Prelimi at rejecting pile up jets
s [ 7 CMS Simulation Preliminary ~ 14 Tov . (1280
= 7 QCD MultiJets ~ —e— pE s0pu g| Pytnias dijets el PileupSuppressionECFA2014
3 | Anti-k, LCW R=0.4 —— (u)=14 .
o[ 0<| m |<1.3 —o pF140py, aged _p;Estit_pA>2o GeV, In_I<1 *é,ﬂ%:m, R >0.1 i
o~ o —e— CHS 50PU BT e v u=250 i
g ® o dijet sample 2%k .01
8' S 3 ~&— CHS 140PU, aged I w300 P |
< ® Puppi 50PU - ——1=300, R ;>0.1 .
=Y o . B ¢t +‘
[ “~ Puppi 140PU, aged ¢ 0 ]
O 4+ v v
3 : e :
$ L " st i
8 2_. _ _
) :DDDDW@AAAAA',';"OOooo:
C
(: O_l 1 1 1 | 1 ] 1 | ! 1 1 | 1 1 |—
O 20 40 60 80 100
§ Ny
< 14 TeV, PU =140
E 20 10 . . ..
O Sr CMS Simulation Preliminary
o — N time resolution scenarios of 50ps
o GC) 01__ ——— No time cut (no PU)
8 > L —— Time cut (no PU)
= L - — No time cut (140 PU)
_é\ 0.08 — ———— Time cut (140 PU)
o ~ e . 4
0.06[| Futhgr m.|t|gat|on. using
- timing information

0.02

L Ly 1y |

1 1 I L1 1 L1 1 1 1 1 1 1 1
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Photon-SumEt (GeV)
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Extension of ATLAS to large n

Extend ITK tracker to v

SFCaI With improved — 70 [ T T T T | T T T T I T T T T I T T T T | T T T T ] T T T T _l

2.5<n<4 + LO/L| Track - segmer?tatlon and reduced pulse E - M race <275 |anT|<2.5 Ys= 14 TeV ]

| Trigger - length in 3.1<n<4.9 . = 60 Pythia8 dijets —

y n n L3 Al \ J_:/ 8 - 4 h"soft tracks|<4'0' |anT|<4'O _

L “n - 2 50 et

2 Central Only R

All p055|b|I|t|es under study and L E 40F - _‘_-‘-‘-"' =

. . . . a. R — - s =

being considered piecewise for E o - _._'__._-'- i

their performance benefit :u L 30 ._i—""'_‘__‘__‘.—a-""" 1=80 EXtended

L - g e s :

" 20 Soft track P, smearing _:

10— —

~ ATLAS Simulation Preliminary ]

Il 1 | 1 | | Il | | I | 1 1 | I 1 | 1 1 | 1 1 1 | l | | 1
gOO 400 500 600 700 800 900

Segmented timing |
\ }‘ g / ; — detectors in front of ZE(event) [GeV]
- ~ w EMEC/FCAL in 2.5<n<4, _
‘Muon spectrometer extensions to Recommendation on upgrade I (MBTS location) LageRta RGO
12.7<n<4.0 actions to be given in March 2015|  (~100pm;~10ps) \
% S H
" ATLAS Simulation Prelimi - - : :
S 800 Msj'm“a'on renminany ﬁdt”::;fb_1 1 ® The acceptance of H—=ZZ in 4 final states increases
. B <2. = i . .
> 400k — Hean 4 by ~35% assuming 100% muon reconstruction
%’ - 77 back d with Z mass constraint - .
§ [ []zzbackgroun N - (G-, 192 PLOT-UPGRADE-2014-002
W 3o M =
[ — H—>4u ]
ool I 22 background 71 ® The expected signal strength uncertainty of the VBF
i : HTThad signal improves by 3x if 90% pile up jet
1001 - rejection probability FNREZENEHIESIIPZRE:!

110 115 120 125 130 135 140
I m,, [GeV] 15|
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Extension of CMS to large n

CMS Preliminary Simulation
0_4IlIlillllllllllllllllllllIIIIIIIIIlIIII

- ttbar, p_> 0.9 GeV tracks :
] R Tttt Phase 2 tracker performs as Run 2 in

barrel and improves forward

o
w

0.25

.............. . New Tracker
_ ] : | Radiation tolerant - high granularity -
.............. g fl less material

5 5 E Tracks in hardware trigger (L1)
Coverageup to n ~ 4

0.15

Tracking fake + duplicate rate
o o
— N
illllllllIIIIIIIIIIIIIIII'IIIII

oosf LwE o W
o |
Illlﬂllllillllillll
R R R

- Saadan, |
IIIIIIlllIIlF

|-

1 2 3 4

See talks by:
Roger Rusack (Si HGCal),
David Petyt (Shashlik + HE Rebuild)!

o [T /;/I?éseLpT:wGeVmuons' T

- R || +/Phase 2, p_ =10 GeV muons +T; '

—~ | oyoPhasel,p =1GeVmuons [ | New Endcap Calorimeters \
S Aﬁ s Phase 2, p_ = 1 GeV muons . Radiation tolerant - high N
° : 5 5 | 5 | granularity

Nominal coverage 1.5 <|n| < 3.0
Investigate coverage up to N ~ 4
Investigate fast timing options to
augment Endcap

Muons
Complete RPC coverage in forward
region (new GEM/RPC technology)

Nominal coverage ton ~ 2.4

Investigate Muon-tagging up to n ~ 4

(pending calorimeter investigations)

g All possibilities under study and
§ being considered piecewise for

their performance benefit

~

mendation on upgrade
actions to be given in March 2015

7

AN b NN

Physics Performance for 2nd ECFA
4 3 2 -1 0 1 2 3 4 workshop

16I



RTRIUMF The HL-LHC, a Higgs Factory

& Over 100 million SM Higgs bosons in total
Q0000

® access to rare decays like H in gy and H in ZY; assessment of %W ’
the top Yukawa coupling via ttH production B ;{V%z

& For example, H into ZZ measured with high purity in

the various modes o0
_._H
& Large sample allows to probe for CP structure of Higgs
. : . qbar >

& Limits on the CP-even coupling g2 and CP-odd coupling g4

Category True Origin _h

ggF VBF WH ZH itH  Background t Z:& o h -
ttH-like 3.1+1.0 06+0.1 06+0.1 1.1+02 30+6 1.6 +1.0 ) o e
ZH-like 0.0 0.0 0.01 £0.01 44 +03 1.3+0.3 0.06 +0.06 - h

WH-like 22 7 6.6 0.4 25 +2 44 +03 8.8+1.8 13 £0.8
VBF-like | 41 +14 54 +6 0.7+0.1 04+0.1 1.0+0.2 42=%15
ggF-like | 3380 £650 274 +£17 77 £5 53 +3 25 +4 2110 +£50

> [T T T T T IRRRRE N > 30 IRRAREN > b IRRARE R
81 400 ATLAS Slmulat|on Prellmmary 7 8 ATLAS Slmulatlon Prellmlnary 8 ATLAS Slmulatlon Prellmlnary ] . .
T T [ L=3000fb", /s = 14 TeV ] T ool [ L=3000fb™, /s = 14 TeV ] T o JL=3000fb", Vs =14 TeV ] Lummos1ty f f
(/J1 200_ | N 25_ (7] 5_ g4 92
2 - ggF-like category - 2 | VBF-like category . 2 [ ttH-like category ]
[ . - c . - [ L - -
510001 sver 1 5 200 wver 1 8 4l wer ; 300 fb~! 0.15 043
800: fWH 1 - IWH - BWH ]
- 0ZH . - IZH ] - 0ZH R _
 ttH : 15F st 3F st ; 3000 fb~! 0.037 0.20
6001~ fggF . - IggF ) - lggF ;
- " Background . 10f- " Background . 2|~ "Background .
400(- i 7 . - ] r ;
' g . ] s ] 5 ] ATL-PHYS-PUB-2013-013
200 _ it . St |1-H . bt : ]
000 105 110 115 120 125 130 135 140 £557105 110 115 120 125 130 135 140 £50 105 110 115 120 125 130 135 140
m,(GeV] m,(GeV] m,(GeV]

ATL-PHYS-PUB-2013-014 17
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Coupling Precision Measurement

& High precision on signal strength achieved & Measurements of the couplings is interpreted in
by combining various production modes the leading-order tree level k framework, e.g.:
2.2
o-B(gg — H —vy) _ 5%
ATLAS Simulation Preliminary . - 2
) . osm(gg — H) - Bsm(H — vy) Ky
(s =14 TeV: [Ldt=300 b ; [Ldt=3000 fb S —
T l 3 : : ]
H—>ryy (comb.) r .......................................................................................................
SO S Bl Significance for Hbb
3.90 (8.80) for 300/fb -
H— ZZ (comb.)
' (3000/fb)

WW (comb. ,
= | )r V4l ATL-PHYS-PUB-2014-01 |

H— Zy (incl.) ‘}

H— bb (comb.)

Areuiwipid uonenwIS SY7LY

..................... | Significance for

H—stt (VBF-like) .

Hmm 2.30 (7.00)
for 300/fb (3000/fb)

-0} 000€=1P71[ £ .G} 006=1PT[ :ASL ¥} = S)

H_’MM (comb.)

illllillll

0O 0.05 0.1 0.15 0.2 0.25

Moy =AY

| ATL-PHYS-PUB-2014-016 8 |
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More on the Impact of Uncertainties

ATLAS, estimate of the
maximum theory uncertainty
compatible with <10% increase
of total uncertainty in 3000/fb

ATL-PHYS-PUB-2014-016

& CMS, scaling of signal and
background yields as:

& Systematic uncertainties remain
the same (scenario |)

& Theoretical uncertainties scaled
by 1/2, other systematic

uncertainties scaled by 1/+/L
(scenario 2)

HigSnowmass20 | 3TWiki

Scenario Status Deduced size of uncertainty to increase total uncertainty
2014 || by £10% for 300 fb~! by <10% for 3000 fb~!

Theory uncertainty (%) [10-12] || x4z | Ayz Ayz Kgz | Ayz Ayz Az | Ay
99 — H

PDF 8 2 - - 1.3 - - - -

incl. QCD scale (MHOU) 7 2 - - 1.1 - - - -

pr shape and 0j — 1j mig. || 10-20 - | 3.5-7 - - | 1.5-3 - - -

1j — 2j mig. 13-28 - - 6.5-14 - | 3.3-7 - - -

1j — VBF 2j mig. 18-58 - - - - - 6-19 - -

VBF 2j — VBF 3j mig. 12-38 - - - - - - 6-19 | -
VBF

PDF 3.3 - - - - - 2.8 - -
ttH

PDF 9 - - - - - - - 3

incl. QCD scale (MHOU) 8 - - - - - - - 2

CMS Projection

I I | I I I I I I I I I I I I I I | 1 |

Expected uncertainties on F—— 300fb'at fs=14Tevs CMS Proiecti
. . . rojection
Higgs boson couplings ratios 1 300fb"'at fs=14Tevs )
| I | | | I I | | I I I I I I I | | I
Expected uncertainties on F— 3000 fo" at fs = 14 TeV Scenario 1
Kg® K, /Ky i ' Higgs boson couplings ratios ~ F—1 3000 at 5= 14 TeV Scenario 2
Ky, /Ky = : | |
. | Kq® K_/K T
Ky | Kz ' 1 9 "z . .
/ T 1
K,/ K, : i 1Kz
—t+—
K./ Ky } ! Kw / Kz
K,/ Kq } ! Ky /%7 ' '
—t—
K/ Kq f Ke/ Kz
| 1 | | 1 I | 1 | | I | | | | KZ / Kg : {
0.00 0.05 0.10 (| x/x -
t g 1 1
expected unc
| 1 | | 1 I | | 1 l | | 1 1 | | 1
0.00 0.05 0.10 0.15

expected uncertainty

HL-LHC improves by 2-3x

2-3% uncertainty on ratios in scenario 2 19|
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Mass dependence on Couplings

& “Reduced” coupling scale factors yi defined to test the predicted relationship between the
Higgs boson couplings and the SM particle masses

LN ! L ! L ! L

1L ATLAS Simulation Preliminary t ]
= hoyy, h—>ZZ*—4l, h—>WW*—lvlv Z.= 3
o — h->tt, h—bb, h—py, h—2Zy V-\'/- -
107 [z, Kiys Kpp Ky Key K] ' _
- BR, =0 -
Y = \/K Vi _ K s : > )
Vi = Vi A = VKvi 2 . _
2v v 107 E - s =14 TeV =
- T y -
B — [Ldt = 300 fb |

_ gri _ MF; 3 / 1
YrFi = Kfri—= =Kfi— 10°E uw | —det=3000 fo' =
V2 v - =
; '::l -+ - -+ '__
2 = 1.25— T | —§
3 LT T T
= O ~ -
: I s B -
5 5 0.9 T 1 T
o — .
: o0 = .
< 0.8F —
nI- [ 1o N N P L N N R | TR | .

3 107 1 10 10°
< m. [GeV]
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Higgs Pair Production in bbyy at ATLAS

a 2| U
. . . Qo - 4
& Measurement of the Higgs pair production to probe & T
the trilinear coupling and thus the Higgs potential jo: 1.5 NLO
S NNLO ]
. . Q. L _
& Negative interference between the box and s-channel g 4 R
leading to suppression of event yield .
CLLLLLLLL SR S H g ¢ A A 5 LA
, f oy e o % 5 0 5 10
§ ARAIRAIRR e —d-ooooo e H 8 t “ A/ ASH,
> S A S A L
8 o5l ATLAS Simulation Preliminary | process Expected events in 3000 fb!
o - \s=14 TeV, 3000 fb" - SM HH- bb 8.4+ 0.1
o [ MH(bb)H(yy) ttHyy) 1 i 42 0.
£ 200 = bbH(yy) el 19,4 - bbyy 9.7+15
o L = Z(bb)H = bb i C L
ol o) (W) Others ] ccyy, bbyj, bbjj, jivy 24.1+2.2
15:_ _ top background 3.4+2.2
. A e e
o~ : ] Z(bb)H(vy) 2.7+0.1
3 5| E bbH(yy) 1.2+0.1
§ Total background 47.1+3.5
o . | t | | . S/VB (barrel+endcap) 1.2
2 € 100 150 200 250 —_— -
o ' S/VB (split barrel and endcap) 1.3 j
= m,, [GeV] — — —
o
-
<

21
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Higgs Pair Production in bbyy at CMS

s=14 TeV, PU=140

'0\_0‘100: T T T T T l T T T .I T T .l T T T T T I T T T T I T l:
® Search approach based 2D fit of Mbb and Myy 5 goz_CMS Phase Il Simulation E
;._’ — Preliminary =
® parameterized object performance tuned to the 5 80F E
2 - —
Phase 2 detector o 70F -
£ 601 E
_ S 50F =
Process / Selection Stage | HH | ZH | ttH | bbH | yy+jets | y+jets | jets | tf £ 40b E
Object Selection & | 5y | 596 | 178 | 63 | 2891 | 1616 | 292 | 113 | 5 .nE E
Fit Mass Window o 30 Nominal / =
Kinematic Selection | 14.6 | 146 | 3.3 | 20 | 128 9.9 |20 | 20 | 3 20F ominal result -
Mass Windows 99 | 33 | 15| 08 | 85 63 |11 |11]| % ,4& E
] - -
m 0:1 1 I 1 1 1 1 l 1 1 1 1 1 1 1 1 l 1 1 1 1 I 1 1 1 1 I 1 l:
20 -10 0 10 f20 30
Relative Improvement In B-Taaaina Efficiencyv [%]
< 120 (e VS 4 TeY, PU=140 oon s=14 TeV, PU=140
‘O_' — — \0 [T T T T T T T T T T I T T T T l T T T T I T T T T I T ]
O © | CMS Phase Il Simulation . = 40" CMS Phase Il Simulation E
et £ 100 Preliminary ] 2 ~ Preliminary =
c T [ . = 80F =
(@ c - — N C -
. 2 = _ <) = =
S o IS - 5 70F E
2 I 3 Beor ;
el s 604 — S 50F =
€0 - - = =
N £ - g 40C 3
(@) '© - _ ‘T 40: -
kS g 40r B 8 301 E
o e [ - s TE Nominal it E
1% § o0l Nominal Lummosﬂy - e 205 ominal resu E
: I _ =0 E
n- m _l 1 1 I 1 1 1 1 I 1 1 1 1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I— 0:| : l : : : ] ' : : : | ' I : : | : : : ' I : : : : I : l:
0 1 5 3 2 5 5 -10 0 10 20 30 40

Integrated Luminosity [10° fo] Relative Improvement In Photon Efficiency [%]

ATLAS and CMS are discussing the analyses to continue and better understand the remaining

N
N
]

I differences and explore avenues for sensitivity improvement
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More searches for HH

& CMS search for HH in WWhbb based on Delphes, tuned to Phase 2 detector

& only tt considered as background

& signal to background discrimination using NN

® observables used for NN training MIl, Mjj, ARIIl, ARjj, ARjl, MET, Awll,jj, pjj, and MT

s=14 TeV, PU=140

o -
S .12 -CMS Phase Il, Delphes
n - Preliminary
) N
o = 0.1F
o) = -
< ) B
9 < 0081 — tt — bblvlv
[ - -
o) -
; 0.06_—
< : -+« HH — bblvlv
b 0.04 —
LI .
o 0.02
C I I T L
) I T e :
(& (6 """" ] I Lo~
O 0.2 0 0.2 0.4 0.6 0.8 1 1.2
O Neural Network Outnut
O
= a8 3000 fb ™', Ys=14 TeV, PU=140
-~ OL :
£ 2 [ CMS Phase Il, Delphes
o 2 0.7FPreliminary
o K 0.6:—
n - » "
2 T 05F
& :
oo 04—
0.3
02
= P P W

0.04 0.05
tt efficiency

0.02 0.03

3000 fb ™", ys=14 TeV, PU=140

CMS Phase I, Delphes
Preliminary

[ ] CL Expected* 1o
[ ]CL Expected+2¢
—— CL, Expected

[
(=]

IIIIIIIIIIIIIIIIIIIIIIIII

-
o=}

ey
(=2

-
E =N

Sensitive to large deviations
from the SM

-
(=

5% Asymptotic CL Limit on /o,
® R

ESN

|II|I|IIS:

N

Background Systematic Uncertainty [%]

HH is one of the exciting prospect for HL-LHC but it
is a challenging measurement!

Both ATLAS and CMS are exploring more production

modes (e.g.VBF , tthh) and decays (bbbb, bbTT)
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Sensitivity to Dark Matter

— 1 0-1 K T T T T T T
L] L] L] L] Q a C b i f d
& BR of Higgs to invisible = 1o 2 e cms
= 10_3 & 97 Vs=8.0 TeV, L = 18.9-19.7 fb"' (VBF+ZH) a 0_39 TTT] T ToT T TTTT] T T T T TTTT] T T T T TTTT
@ > - %4 EE gAY R Agh I NN NN N [ — . . . . —]
final states 5 Lo % S I - ATLAS Simulation |
c = Lo -
ks %1041 Preliminary _
e ATLAS BR<0.13 (0.09 % o107 F E
(7)) m T, v \ "', W 1
1 A3 e, v\ T —
with no theory @ 109 -
. O - _,_::/ s}
uncertainty) S bl o i 107 A
c E’ gsﬁgﬁ::g@om) s oSS //////é//?/ ;22§§?§ ??? /
1 8 """""""" XENON10(2011) _:_/ﬁ/jj;jjj// S
® CMSBR<O0.1l (0.07in 3G g7 e T, ol T
>3 - Lattice [ CoGeNT(2013)/99%CL
: =T i S — v
Scenario 2) S | s — - Luxiso%eL) 49 \s=14TeV, [Ldt = 3000 fb
Z 10 P10

10? 1
DM Mass M, [GeV]

h—Zy, h—tt, h—bb, h—up

h->yy, h>ZZ*—4l, h>WW*>hl, |

-51
10 — 8%@9%1435?/(9&;% CL)  ATLAS (95% CL)in
) I % Higgs portal model:
: : 1038 C—— CDMS (95% CL)
At the HL-LHC, improvement by 10x for any assumption BEE CoGeNT (00%CL) = = Scalar WIMP
55 X ENONIOC oGl e Vesor WIMP
on the Nature of the DM 107 — SuperCDMS (90% CL)
s7[ e LUX (95% CL)
10 lll 1 1 Illllll 1 1 Illllll 1 1 L1 111
1 10 10° 10°
) L I I O 'B'zoi""'"'"'|"'|"'|"'|"'|"'|"'|": mX[GeV]
Py 22t 34 o °F ATLAS Simulation Preliminary
2 20¢ ATLAS Simulation Preliminary ] & 18 (sm14 TV det 3000f" 1
C 3 W - s=l4le = . .
S 18- oetatoy [losoon’ £ 16F e seay = @ Search for Dark Matter using
€ 160 =93 S 3 :
3 4k s, m, =50 GeV ERE- <[5y < 40 . mono-jet approach, EFT
o T <) 9g,9py < 4T - 12 — . .
12F | E : —sesemaic 1 jNterpretation
C —— 5% systematic - 10 — 1% systematic ]
10:_ — 1% systematic E 8:_ =
(3 E : ]
S S U T s discovery, = OF sodscovery N N E ATL-PHYS-PUB-2014-007
4 :_ ___________________________________________________ 3¢ evidence _ __: 4 - _3gevidence S~ b T~ B
oF s oF -
0_||||IlllllllllIlllllIllllllllllllllllllllll_ 0:||||III|III|III|III|||||||||I|I|III|IIIIII|:
112141618 2 2224 2628 3 3.2 1 121416 18 2 22242628 3 32
M. [TeV] M. [TeV] 24
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More Searches For Dark Matter

CMS Projection Vs =14TeV arXiv:1307.7135

— & Looking for an excess in the
6 ¥ 300/fb tail of the transverse mass in
S ° 55 di mono-W events
o discove
=R Y 3000/fb o
25 L — ® sensitivity to contact
£ | interactions and W’ as well
2 8
‘é’ c 17
£ = B
0 - i
8 s Fa N
14 TeV
8 | | ]
& CMS Preliminary [ ci :
7 Delphes Simulation I oM ¢=-1 ]
e+ EM [ ] DM g=+1 .
6 DM ¢=0 B standard model —

HL-LHC essential to

IIIIlllllIIIII]IIIlIIIIIIIII

discriminate among hypotheses

Distinction potential in sigmaé , TR
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Particle mass
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(A in case of DM EFT)

arXiv:1307.7135

¥ 300/fb

73000/fb

10*

10°

10°

10

’
10_10.06 01 0203 1 2 3 4567
m, [TeV]

Z'y, M =4 TeV/c?

& Looking for a heavy resonances
(originating from Z’, KK-gluon)
in the tail of the di-lepton
invariant mass

ATLAS @14 TeV Z' > eeSSM gy« 2> ttRS

95% CL limit 95% CL limit
300 fb-" 6.5 TeV 4.3 TeV
3000 fb 7.8 TeV 6.7 TeV
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RTRIUMF SUSY Reminder

Strong prod. of gluinos
q
o T T T
5 s = 14TeV —10"
104 Followed prescriptions in 1206.2892 [hep-ph] w— DD~ 88 10"
10 = P4 010
103 \ —pp T o
= 50 410° _
2 10° \\\ —Aas 10° 2
S 10! 7 <
3 0 107
g 10 dis S
wn 10—| . ,"'!2
2 10 1 2
O 10-3 J10¢ 2
o —10°
10-5 ~ 1
106 T~ A
1 L 1 L l L L 1 1 l L L L L l 1 L L L l 1 L 1 L l L L L L l 1 L 100
0 500 1000 1500 2000 2500 3000 -~
Mass [GeV] i X1
p
EW prod. of x,* X20 Strong prod. of sttops L q )

p

~x
X1
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Strong SUSY at the HL-LHC

& Significant increase of discovery potential for strongly produced sparticle originates from the

increase in center of mass energy

§- production, § = qq 7,

; LS T l LS L4 T [ T 1 1 T ] LS T 1 l T A LS 14 ] LS T 1 L [ T a_a prOdUCtion' a _’ q 2'? (HerWig++)’ ma = 4.5 Tev
m — a . . A - o - ; B L) T l Ll L] 1] L I T L] L Ll l L] LB L ] 1] 1 13 T I Ll 1] T T l L] 1] T 13 l 1] T 1 Ll
2500 — ATLA Simulation Prelimina Oue® 10% — : : o N
(—?;, - S & 1 ¢ 2500 — ATLAS Simulation Preliminary 1
B N I L dt = 300, 3000 fb”, 's = 14 TeV 1 S N P
- . 1 e L dt = 300, 3000 fo”, s =14 TeV
-~ 0-lepton combined al .
2000 — ) - -~ 0-lepton combined
- ATLAS 2038, =-?To\‘.95"-CL al 2000 _— P — 3
- swwwws 95%CLAML 3000 %, (u) « 140 - B 5 20. . swBTeV,
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RTRIUMF EWK-SUSY at the HL-LHC

14 TeV 300/3000 fb PU 50/140

o . , —~ 600
® Factor |10x in integrated luminosity essential to > . CMS Phase l/ll Delphes Simulation -
probe rare SUSY processes, e.g. the pair S soof Preliminary —— Phase ll, PU=140, 3000 fb", 50 Discovery
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RTRIUMF Full spectrum SUSY

& Five phenomenological models motivated by naturalness explored through a number of
signature-based searches

® models vary nature of the LSP (bino-, higgsino-like), EWWK-inos and sleptons hierarchies

& STC (stau) and STOC (stop) co-annihilation models satisfy dark matter constraints

. Analysis Luminosity Model
© 3200 - Z ~ o (fb~h NM3
5 L T ~
— N M2 by ———— ,fr qu; —— b, all-hadronic (Ht-HT"®) search 300
2 2800 - oo, T E 3000
= all-hadronic (Mrt;) search 300
2400 |- : 3000
N\ | all-hadronic by search 300
R .
2000 AR - _ 3000
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1600 - W R - 3000
N ! monojet t; search 300
‘\\\\:\\: '5 3000
1200 - N \ —i ,tvl my+y- kinematic edge 300
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800 - Xq 5\ = multilepton + b-tag search 300
S0 Sdiekes
HO L Xs = 3+ 3000
400 - 70 H i Xa \\j { multilepton search 300
RO —ze T Xy —— 3000
0 ewkino WH search 300
3000
< 30

I PhysicsResultsSUS 1402 30 I



QR TRIUMF

New Physics in the Heavy Flavor Sector

® Rare decays B% — pp and B® = U only through

FCNC, highly suppressed in the SM B% — up BO — pp
® modification to the BF predicted in several BSM Significance 6.20 320
scenarios (SUSY, non-SM Higgs,...)
BF (2.8*0756)x 109 | (3.9%16..4)x10-10

& Both CMS and LHCb observed the B% — pp
and achieved evidence of B® = pp !

L (fb~1) | No. of B | No. of B® | 68/B(B® — utu~) | 6B/B(B° — u+u~) | B sign. 533(3;’3‘;?‘;}

20 16.5 2.0 35% >100% 0.0-1.5¢ >100%

100 144 18 15% 66% V/O;»%Ag 71%

300 433 54 12% 45% 1.3-3.3 0\ 47%

3000 2096 256 12% 18% ‘\5.4—7.6 ", 21 %)

N— S
. CMS Simulation - Scaled to L = 300 fb™ . CMS Simulation - Scaled to L = 3000 fb™'
D 100l —4— data B 450 —+—data
© L —— full PDF o —— full PDF
8 i ] gs_’lﬁw 5 4001 ] gs_)l‘fl‘:
e — LI Bymwtw o " [ A . :
Z | S /0 comtl;in‘;torial bkg T 350 | (R comtl:inl;torial bkg HL-LHC will allow for stringent
b2 Y 1 B NI semileptonic bk §2) Y I semileptonic bk 0]
S sol L peakingbkg S 3005 bl kg bhg tests of the B% — pp and to
3 f 3 ol * observe the B = pp.
[0} B [0}
£ oo £ 200 ' Excellent performance of the
H » 2 trigger and tracker is essential
m m
& [ S 100 to the success of the program
B ool e %) :
....... el %0 N ) ¢

0 4 LJ_LJ Ll I.J-h‘l'i1 111 ININI'P-I-IJ J.I_l'_l'i'L-I-LJ LJ Lol LJ Ll L lJ L.l 0: 4 I_I LA Ll LJ LJ-I-‘{"I’IE{‘I'*'#.LI.J Tt]'_'l'le-J L LJ Ll I Ll Ll | Ll
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QR TRIUMF

Summary and Outlook

& The LHC, ATLAS, and CMS exhibit a superb performance in
Run |

& One of the prime goals of the LHC, i.e. the discovery of a
Higgs boson, has been achieved!

® The experiments are probing the TeV scale in searches for
New Phenomena

® The High Luminosity upgrade is foreseen to extend from 300
to 3000/fb the dataset collected by the experiments at [4TeV

® expected good detector performance despite the challenging
conditions

® The High-Luminosity LHC will significantly improve the
measurements of Higgs properties and will thus represent an
excellent probe for high scale New Physics

& The High-Luminosity LHC extends the discovery reach of
theoretically motivated scenarios e.g. low scale natural SUSY

32
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Additional Material




@ TRIUMF ATLAS and CMS at the LHC

Muon Detectors Tile Calorimeter

Liquid Argon Calorimeter

Operational fraction > 95%

)

W Subdetector | Number of Channels | Approximate Operational Fraction

(! i

CMS Preliminary - June 21

Pixels 80M 95.0% £ Muoncsc
SCT Silicon Strips 6.3 M 99.3% >, MUON RPC
TRT Transition Radiation Tracker 350 k 97.5% S MuoONDT
\ HCAL Outer

LAr EM Calorimeter 170 k 99.9%

HCAL Forward
Tile calorimeter 9800 98.3%

HCAL Endcaps

) . -
Hadronic endcap LAr calorimeter 5600 99.6% HCAL Barrel
Forward LAr calorimeter 3500 99.8% Preshower
LVL1 Calo trigger 7160 100% ECAL Endcaps
LVL1 Muon RPC trigger 370k 100% ECAL Barrel
LVL1 Muon TGC trigger 320 k 100% Strip tracker , B
MDTMuonDﬁftTubes 350k 99.7% PixeltraCker B T ' L L1 T T A ' [ llllillllillllillll
0.9 0.91 0.920.930.94 0.950.96 0.97 0.98 0.99 1
i 0,
CSC Cathode Strip Chambers 31k 96.0% Active Fraction
RPC Barrel Muon Chambers 370 k 97.1%
0, . .

TGC Endcap Muon Chambers 320 k 98.2% Operatlonal fraction > 96%

ATLAS p-p run: April-December 2012

Pixel SCT TRT LAr Tile MDT RPC CSC TGC Solenoid Toroid

99.9 99.1 99.8 991 996 996 99.8 100. 99.6 99.8 99.5

& including trigger, data processing, data
All good for physics: 95.5% handling and distributions, reconstruction,

Luminosity weighted relative detector uptime and good quality data delivery during 2012 stable beams in pp collisions at S|mUIatlon’ e e
Vs=8 TeV between April 4" and December 6% (in %) — corresponding to 21.3 fb'! of recorded data.

Good for physics > 98% 34




QR TRIUMF CMS Upgr‘ade

Courtesy of M. Klute

Baseline Upgrade Proposal

Tracker

* higher granularity

* less material

» better p; resolution
* extended n region
* tracks trigger at L1

New luminosity ,
and beam monitoring//

SR



@ TRIUME ATLAS Upgrade

Courtesy of |. Gregor

Phase | Phase 2

Selection of upgrades: Selection of upgrades:
® Fast TracKing (FTK) input to @ All new Inner Tracking Detector
HLT (already started) ® Introduction Level 0/1 trigger
® New Small Wheel (NSW) forthe ¢ | gvel-1 track trigger
forward Muon Spectrometer _ _
® Calorimeter electronics upgrades
® Finer granularity LAr data to _
Level-1 ® Upgrade muon trigger system and

electronics
DAQ upgrade
Enhancements to high-eta region

® TDAQ Upgrades to Level-1/HLT

® Additional forward proton system
(AFP)



@rrivwr Phase 2 ATLAS Trigger Upgrade

Courtesy of |. Gregor

® Triggering sequence
® LO trigger (Calo/Muon)

'TRIEEER SYSTEM ARCHITECTURE reduces rate within ~6 ps
to 1 MHz and defines

Rols

® New design for Phase-2
@ 2-level system, Phase-1 Level-1 becomes in Phase-2 LO; new L1 includes tracking ® L1 track trigger extracts
® Make use of improvements made in Phase-1 (NSW, L1Calo) in LO tracking info inside Rols
@ Introduce precision muon and inner tracking information in L1 from readout electronics

® Better muon pr resolution Will also have new timing/control
® Track matching for electrons,... links and LHC interface system
® An upgrade of the FE (K] [Tl ][ LAr] Tie | [Lac Endeap [Barrel | _
trigger processing ..... " .................... Ll ...... o Ly [t e ‘ '.Dsle.?.tszr..f.fszn!:.ensl
will be required. | FELIX F—‘ [ FELIX |+ Optical Segggcf%lic lsjlt?;rr&gic
[gFEX] [JFEX ] [eFEX]
Level-0 | |
Rate ~ 1 MHz, Lat. ~6 ps L0Topo/ ,
6/10 us
Muon + Calo ;
Level-1

Rate 300-400 kHz, Lat. ~24 ps
Muon + Calo + Tracks

30/60 us A

300/400 kHz
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BSM Higgs: indirect and direct searches

® The combination of measurements from multiple Modol 300 5]

: . >
production and decay channels used to probe for: All unc. No theory unc. =
& composite Higgs models MCHM4 620 GeV 810 GeV T

MCHMS5 780 GeV 950 GeV S

& Pseudo-Nambu-Goldstone boson instead of elementary -'Cu
particle 3000 b~ @

N

o

® couplings are modified with a scaling parameter 7'c:,=v2/f2 All unc. No theory unc. ~
710 GeV 980 GeV S

s 2 Higgs Doublets Model (e.g. SUSY) 1.0 TeV 1.2 TeV ~

Configuration 3 with <N, ,>= 140

E T I T T T I T T T I T T T I T T T I T T T I T T T I T
t ATLAS Simulation Preliminary| ?D) 107 % CMS Simulation 2013 I B, Bj, Bjj-vbf, BB, BBB%
Combined h — yy, ZZ*, WW* o 10°E Vs=14 TeV L=3000 fb" = :: 1B, it, tB =
h — Zy, uy, t, bb N 1055 H-> ZZ— 4l — H—2Z (m_ =300 GeV) ]
Exp. 95% CL at \s= 14 TeV 0 E H—ZZ (m =500 GeV) 3
Simplified MSSM [y, k,, k] S 10t e H—ZZ (m, =800 GeV)J
— ] Lot=300 " allunc AT 1%k _;,
------ ) Lt =300 o™ : No theo. 102 i? _;
L _ 1. - -
) Lt =000 o all unc, 10
------ Ldt = 3000 fo ' : No theo. 1
........ :::::::------------ 10_1
600 800 1000 1200 200 400 600 800 1000 1200 1400

. (Z2) [GeV]
CMSPublic/FTR 13024 I
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