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The Past, the Present and the Future
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The High-Luminosity LHC
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LHC High- Lum|n05|ty LHC
LS2 Run 3 LS3 Run 4 LS4 Run 5
ATLAS . 2x10% | Detector | 5-7x10% | . 5.7 x 1034
and CMS . 300fb' | Upgrade : ~1000fb! i 3000 fb-
LHCD Detector 2 x 1033 2 x 1033 Detector 2 x 1034
: Upgrade: 20fb! 50 fb- : Upgrade 1l: 300 fb-

= 20 times more integrated luminosity than Run-2
= Better detectors, larger acceptance, better triggers
= |Improved theory and analysis methods

.
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https://cds.cern.ch/record/2272264?ln=de

Detector Acceptance

Example
CMS Run-2
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Acceptance: [n| <2.5
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Detector Acceptance

Example
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Acceptance: [n| <4.0

... and less detector material and better resolution
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HL-LHC Projected Uncertainties

= Systematic uncertainties
will be limiting factor for

more and more measurements

HL/E-LHC working group:
Aim to make realistic projections

based on Run-2 analyses
— CERN Yellow Report (backup)

- i FTR-18-031
14 CMS Projection4 tOp quark prOdUCtlon 14 TeV

T [ tttt production at HL-LHC
2 q2f Stat. Uncert. only
St Run 2 Syst. Uncert. stat-only
& 10 —— YR18 Syst. Uncert.
;55’ ---------- YR18+ Syst. Uncert.
c 8
2
@ 6
e C ‘ ”
5]
g 4

ﬁ' “Run-2"

1 I 1 1 1 1 1 1 1 1 I

10? I

10°
Integrated Luminosity (fb™)

Convention “YR18”:
Statistics scale as 1/1L

Andreas B. Meyer

We are
here now

No uncertainty due to MC statistics
Theory reduced by factor 2
Exp. systematics scale as 1/AL — until “floor”

“Floor” values for all physics objects estimated and agreed
Keeping “Run-2” and “stat-only” for comparison

Physics at the High-Luminosity LHC

Reallistic estimate of
uncertainties

Expecting to
exceed expectations
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http://lpcc.web.cern.ch/hlhe-lhc-physics-workshop
http://www.apple.com/uk
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-18-031/index.html
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Precision Measurements



Ultimate Precision PDF

arXiv:1810.03639

PDFs at the HL-LHC (Q = 10 GeV )

= Parton density distributions based on E
differential cross sections at ultimate precision g
= Projection using pseudo-data é

Z(pt), high-mass DY, top quark pair,
W-+charm, direct photon and inclusive jets

B PDF4LHC15 |

| | |

1074

107° 1072 107"

107°
Example: W+charm (ATLAS, CMS, LHCDb)
.,3350005 Lumi error = 1.5 %
“—30000F ) ) .
5 = Gluino pair production @ HL-LHC Vs=14 TeV
3 250001 = 2
S - - £ “f ' ' '
20000 8 . ¥ PDF4LHC15
= e 8H
15000~ DOFALLC — Q SR 4 HL-LHC (scen A)
- 4 15 — C 164 .
10000  E==== PDFALHC15+ HL-LHC n S %% +HL-LHC (scen C)
50005_ I H.-LHC pseudo-data (shifted) — 8 1.4
2 ME B 12
T 1.3 D
T @
2E "
HE B o8l
T 5
o_g;_ 8 0.6:—
0.8%- = 0_4:_
(()).gg O 0 %: 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1
By 5z 3 3 : 75 1000 1500 2000 2500 | 3000 3500 4000
" Mgluino

Factor 2-5 expected improvement
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https://arxiv.org/abs/1810.03639

Ultimate Precision Cross Sections

Run-1 example: ofda(Z/y* — €€) = 502.2 £ 0.3 (stat) £ 1.7 (syst) £ 9.0 (lumi) pb

] ZIy -1t
[ tt + single top
(] Dibosons
[ Multijet

105: Z=
E

= Systematic uncertainties I B -1 o
- o g
= Lepton ID: 0.3% 3 6.ATLA-‘S ) &z?:l(stm
= Lepton isolation: 0.15% o 10 EVs=7TeV. 461 e
o
>
L

= Signal modelling: 0.2%
= |ntegrated luminosity: ~2%

\ 1 04 I
Luminosity is single 5
largest uncertainty 10

HL-LHC 102
= Improved luminosity detectors (being designed)
= Further refined Van-der-Meer analysis

= Additional low-PU runs for cross section measurements 1
(no uncertainty due to low-to-high PU extrapolation)

| 1 1 1 I 1 1 1 I 1 1 1 1 1 1
60 80 100 120 140

Once measured at (sub-)percent level, Z-boson rate measurement can help luminosity
measurement — planning for proof of concept in Run-3 arXiv:1806.02184

Target luminosity uncertainty YR2018: 1%

Andreas B. Meyer Physics at the High-Luminosity LHC LFC19, Trento, 9 September 2019


https://arxiv.org/abs/1612.03016
https://arxiv.org/abs/1806.02184

Ultimate Precision W Mass

arXiv:1701.07240

< L I T r " 1
t H 2 L ATLAS ~— m,, =80.370 = 0.019 GeV _
w w W W O, 80.5 B, =172.84 £0.70 GeV
o s z - . m, = 125.09 = 0.24 GeV
omy, cm? Om o In(m ) = 80.45 :— == 68/95% CL of m,, and m, —:
= Miop, Mw and my connected via loop - ]
corrections — constrain and test SM Iy V8°'4__ - .
+ e R e e -
80.35F .
= Current dominant uncertainty: PDF - .
. 80.3 = 68/95% CL of Electroweak]
= Extended n-range: measurements in - Fit w/o m, and m, .
. . o (Eur. Phys. J. C 74 (2014) 3046) |
central and forward regions are anti- 805l iy o, ML 1T
correlated 165 170 175 180 185
- +700 MeV m, [GeV]
|
= Low PU: high-resolution missing energy P REEEEEBESSMLLSE S S
é 18 ATLAS Simulation Preliminary <u> =2
> 16 —=— Stat ® PDF
= Low-PU run (p~2) at HL-LHC: Iy ~o- Stat.
@ --E}- C
= 200 pb, [n|<2.4: 2x106evts. 16 MeV & @ POFETIO

= 200 pb', |n|<4: 12 MeV
" 1 fb-1, |n|<4: 9 MeV J By 2
" + ultimate PDF: 5 MeV O NN o

O N A OO

mVXn

o N
H\‘\H‘H\‘H\‘\H‘H\‘\H‘\H‘H\‘\H

/ -
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-026
https://arxiv.org/abs/1701.07240

Ultimate Precision Top Mass

t— bW — Jiy Xév

CMS Phase-2 Simulation

14 TeV, 200 PU

S. _I'Ir';ul)kldl‘lllv;:‘;‘lflnlwlhlhlxl‘lélllIll‘l-?lllllllllllI'lllllllll_
Su; 70 ¢ ttsimulation :(D; eok :f { _:
= More statistics — samples and calibration N v S S SR
. . 60 — 0..,-(18 = 1) MeV % -]
= Better systematics (both theory and experiment) -+ Exponential background 1| 20} i ]
] ] ] . - Fit (signal + background) i i ol ﬁ‘.‘x }.' ) \ E
= Combination of different methods  arxiv1807.06617 “F 5_ M G ]
? ; ------- Crystal Ball signal with _:
' 3: Phase-0 detector ]
i ', =3.095 Gev ]
CMS-PASFTR-16:006 T
> n -
) e m—— " —
O 3 ' Preliminary Projection— ]
E“ - : === JAY, arXiv:1608.03560 ] G 2 28 20 s a1 sz 85 %4 s s
2.5 A = TDR-17-001 m,., (GeV)
- - : o (tf), JHEPO8 (2016) 029 e
o D . ‘ - sec. vtx, PRD 93(2016)2006 E J /LlJ: 6mtop ~05 GeV
> : Y eeea- single t, PAS-TOP-15-001 1
= I 3 l+jets, PRD 93(2016)2004
8 1.50 S . -
8 gesem==-- i R R ~€————— Mpoe from o(tt) (already better now)
% 1 — “"’-',"."T.'.i.'.T".'.'..T.T"."7.'.1.'.1"."'..T.T"."?.'.'..'.".;" ] 2ndary VerteX
(_U - Neecccccccaaaana. ~:"‘.'.';‘.'.".".".'.';'.".‘ TR J/LIJ
yes 0.5\ T " ¢— single top
= of < f+jets
Run I 0.3/ab, 14 TeV 3/ab, 14 TeV

&
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-026/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-16-006/index.html
https://arxiv.org/abs/1807.06617

Jet Cross Sections S

. 3ab” (14 TeV) 3ab’ (14 TeV)
;‘10_' T T 1 | T T 1 | T T 1 | T T 71 | T T 1 '-g'10117|\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\|\\7
3 - CMS Phase'2 Particle level E — CMS Phase-2 Particle level: Boz.)sted tt —
s | Simulation Preliminary « Inclusive jets | Skt 0% Simulation Preliminary «  400GeV<p™™ (xio®)
o 10 Fo— o . ] = 400 < p=**9"9 < 800 GeV (x10") -
S o = bjets el T _
3 . T + Boosted W s top-iet T 800<p["<1200 6oV (x10") |

B - _ 5 ; O j— e S + 1200 GeV < p;ea"‘"g (x107) _‘;
10 - T v Boostedtt 1070 o ]
—a— — —— —
— A —a— —_— — 3 —4——*—++ p—
- -A—_A- . . 10° l +++ - =
1 0—3 :F-v-_v_ —r R — —_—— __ C —-II-——T_ —'__v__'__,_—v——'_ _‘E
—y- —a S 10— N S o
- - —— - A bt
105 T . ——— jetS al= T e
__ - A __ b-J etS 1 0_3 He \_\._\_.‘— L1 1 ‘ 111 ‘ 11 1 ‘ 111 ‘ 11 | ‘ 11 | I | \i
107 —f— n 1.6 1.8 2 2.2 2.4 2.6 2.8 3
- —t— 1 W-ets A [rad]
1 0—9 Lo oo b v b b b b tO p-J etS
500 1000 1500 2000 2500 3000
Jet pr[GeV]

= Differential jet cross sections - expect O(10) inclusive di-jet events above 4 TeV
= Angular correlations of jets in different regimes (pt vs mass and color)

Andreas B. Meyer Physics at the High-Luminosity LHC LFC19, Trento, 9 September 2019 14


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-18-032/index.html

Precise Properties and Couplings for H(125)
Searches in the Higgs Sector



CMS-TDR-17-001

I I i g g S M e a S u re l I l e n tS CMS Phase-2 Simulation Preliminary 3000 fb'1, 14 TeV, 200 PU
>
()

1800~ B zx
(2 1600 |~ 7y, 2z
CMSFTR-18011 3000 fb™' (13 TeV) 2 1400 77 T mi12s GeV
' ' ' ' § 1200 H—ZZ—-40
CMS w/ Run 2 syst. uncert. (S1) L C
1000
. . —— w/ YR18 syst. uncert. (S2) C
PrOj ection w/ Stat. uncert. only 800
MW —t—t 600
0.01 (Stat); 0.03 (S2); 0.05 (S1) a00F-
200 f— -
MWW ——H ST T ——
0.01 (Stat); 0.03 (S2); 0.04 (S1) 70 80 90 100 110 120 130 140 150 160 170
m,, (GeV)
ZZ |4 ATL-PHYS-PUB-2018-006
u 0.02 (Stat); 0.03 (S2); 0.05 (S1) > e o R B i i o e
& 10" ATLAS Simulation Preliminary
bb o 9 Is =14 TeV, 3000 fb™!, <u>=200
u 0.02 (Stat); 0.05 (S2): 0.07 (S1) 5 L1t (ggF+VEF)
. ; 0. Y. € 108 B WW+tt+Z/y*
o H—>|JH WW-E
Tt w10’ mww
M 0.02 (Stat); 0.03 (S2); 0.04 (S1) 10°
10°
uu .
w 0.09 (Stat); 0.10 (S2); 0.13 (S1) 10
: : : : 10°
0 0.1 0.2 0.3 04

Expected uncertainty 10°

80 100 120 140 160 180 200 220 240 260
m,, [GeV]

Signal strength uncertainties: most channels ~3%, bb ~5%, puu ~10%
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-006
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-18-011/index.html

H i g g S C O m b i n ati O n CMSFTR-18011  ATL-PHYS-PUB-2018-054

3000 fb (s = 14 TeV, 3000 fb™" per experiment
ATLAS and CMS Il stat. + Exp. ) Total ATLAS and CMS
—— Statistical L
- iecti HL-LHC Projection
HL-LHC Projection + Theory Experimental )/
—— Theory Uncertainty [%]
Barias Pows Tot Stat Exp Th
Ky Ky B 1.8 08 1.0 13
Kw Kw = 1.7 08 07 1.3
KZ K, = | 1.5 0.7 0.6 1.2
Kg Kg = 25 09 08 21
Kt Kie=____ 3.4 09 11 31
Ky Kp B 37 13 13 32
Ky T —/— 1.9 09 08 15
Ky T ——— | 4.3 38 10 17
KZY KZY " " " 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ‘Ig-us " 7:2| 1:7 " 6|-4|
0 0_62 0_64 O.(I)6 o_log 0|_-| 0_|12 0 0.02 004 006 008 0.1 0.12 0.14
Expected relative uncertainty Expected uncertainty

Uncertainties dominated by theory uncertainty estimates (!)
Experimental uncertainties: ~1% (u ~4%)

Andreas B. Meyer Physics at the High-Luminosity LHC LFC19, Trento, 9 September 2019


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-18-011/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-054/

E’ ATLAS Ell?at?'ght EEH .
10 Vs=13TeV, 36.1 fb"! o 1+ =
< [ Sin - Wi+l @+V |
b % 400 :Rgéf Lepto Dt'\flﬁn(r?o rm)///Total unc.
i Post-Fit --- Pre-Fit Bkgd.
t v 300}
|+
A b
FOTTITONT,
\ g b
q, I
f oY 5 0
q- V| © 125} ?_ 1
R e
b g 0.751»%//// //‘gi W_/g__{g i
. e 0'50 50 100 150 200 250 300 350
ttH signal tt+HF background i (reco BDT) [GeV]
s CMS Projection CMSFTR-18011 /s = 13 TeV
£
= For 3 ab' CMS expects &y ~ 7% ==0.45}" w/ YR18 ) DEpY
. c s syst. uncert. )
= tt+HF background constrained by data  © 0.4f y —— SigTh
) ) ] %‘ 0.35E —=— BkgTh
= dominant uncertainty on p: signal theory g —= add. tt+HF XS
o 03 Exp
L 2 o5k —+— Luminosity
= For ATLAS/CMS combination 3 . —«— B tagging
CMS tt+HF uncertainty “floored” at 10%: € ~“f JES
no significant impact on k-results g 015
W 0.1
0.05F
Statistics helps constrain systematics T ——

Integrated luminosity (fb™)
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https://arxiv.org/abs/1712.08895
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-18-011/index.html

Differential Higgs Measurements

CMS FTR-18-020
CMS Phase-2 Simulation Preliminary 3ab’ (14 TeV) %% f KA= [-4 1 1 41 ]
< (o)
8 —4—— Stat + exp. syst. + ggH+VH theo. uncert. g / @ 95 A)CL
3 102 — | Hadronic categories only O o
=~ r | Leptonic categories only
= Expectation «, = 10 / H
3 I e Expectation x, =-5 g
= 1 | e ttH+tH theo. uncert.
>
] t
= L :
o :
o H i CMS FTR-18-011
x __ -----------------
- : MS Projecti i
3 - ! (p">350 GeV)/150 GeV g Kb C S e 'O”NR?SOO Ib (K’;T‘;/) -7
£2 B t(t)H —_ W H 5:——Comblnahon w, syst. uncert. (S2)
o) . F—H-2zz
L i t b ® i
~ Ivf<25 R | (IS , 0, C ab
L Hyy:p!>20 GeV, il <25 : g
. : N R et N 2 b
>=2 jets: p’T > 25 GeV, hfl <4, at least one b jet : ! . H ) ;
1074 1 1 1 1 1 F
0 45 80 120 200 350 H oF
p (GeV) £
—oF
g s
_3b

= pr(Higgs) distribution: B
= {(t)H: sensitive to self-coupling ka

= ggH: sensitive to interference With 3000 fb! constrain Ke and Ka
between quark loops — Kb and ke to a few times SM
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-18-011/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-18-020/index.html

Higgs and Charm

Limits on Kcs,q4,u for 2 x 3000 fb-1

Events / 10 GeV

@ Data/Bkgd.

HL-LHC projection 3000 fh—1

[ global (95% cr)

[ direct search (95% CL)
B kinematic (95% CL)

B width (off-shell, 68% cr)
" 2 width (int., 95% cL)

Ke

global fit to production cross section (k-fit) *

direct search for a cc final state (VH—cc)
differential cross-sections (e.g. previous page) *s
total width (off/on-sh & interf. in pp—4+¢ and vyy)
exclusive decays (e.g. H — J/ypy)

—_—_ - - = 5

Bl cxclusive (95% CL)

ATL-PHYS-PUB-2018-016

1.4 x 10°

— T
+ Asimov Data
ATLAS Simulation Preliminary .. pre-fit
Vs = 14 TeV, 3000 fb" —Fit Result
2 c-tags, p? = 150 GeV M ZH(bb)
mzZz
mzw
WZ +jels
@t
—ZH(cT) (100xSM)

ZH—{fcc
M <6.3xSM
[ ]

2.9 x 10°

100 108 102 10° 10 10°  10° 107
projected coupling limit
s ZH — ffcC  axiv180204329

= ATLAS Run-2 /HL-LHC: p < (110) 6.3 x SM @ 95CL
* CMSRun-2: u<70xSM @ 95CL

| IIIIIIIIIIII I|I|lIlIIIlIIlIIII|IIII|IIl

oEmeeee e
13E i = VH(—cC):  LHCh-CONF-2016-006
1.0F —t g L L L L
o8t N = LHCb (Run-1) 300 fb-': p < (7900) 5-10 x SM
60 80 100 120 140 160 180 200 _ _ _ .
m.iGev]  With further improvements, Higgs-charm could be in reach
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-016
https://arxiv.org/abs/1802.04329
https://cds.cern.ch/record/2209531?ln=de

HH -

Events / bin width

0.4

06 08
BDT output

-1-0.8-0.6-04-02 0 0.2 0.4 0.6 0.8
BDT score

ATLAS and CMS combination:
signal strength: 40 (stat. + syst.)

0.1<kKr<23

Andreas B. Meyer

(at 95% CL)

Physics at the High-Luminosity LHC

1

Ki Kn -H g 70000) —IE-—H
¢ -- @ — £y t
H S o
g H g 0000 ---H
Kt
Ultimate goal: observation of trilinear coupling
120k HH events expected
Best sensitivity (BR vs. bg): bbtt and bbyy
Also analysed bbVV (¢£#vv) and bbZZ (4¢)
HH—bbbb HH—bbtt
CMS-FTR-18-019 i _PUB-
CMS Phasez swov'erey _ ELSHBEUBABOD
E Simulation Preliminary [ Multjet o C A+LAS Preliminary — SM HH — bbr't
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Higgs Self-Coupling: HL-LHC and HE-LHC

arxiv:1902.00134
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HE-LHC (15 ab! at 27 TeV) will be able to pin kx down fully (~15%)
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BSM Higgs

= From kappa fit (for kv<1): Besm < 2.5%

= Direct h—invisible: Binv < 2.5%

ATL-PHYS-PUB-2013-014 CMS-FTR-18-016

= MSSM Higgs: H/A —1t: Ma limit increased to ~2 TeV

= CP-odd Hff couplings from Tt spin correlations
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Possible exclusion of CP-odd H-t coupling with this analysis alone: ~20
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Direct Searches

Heavy Resonances, Supersymmetry, Long-Lived Particles, Dark Matter



L e e e B |

| | _ ™ M
o T HF-channel ATLAS Preliminary ] Top;Quark FCNC 3000 fb™! (14 TeV)
r Projection from run-1 data 7 wo U””‘””‘””“”“””‘””‘””‘;
0.8 JdtL=3000 b7 s =14 TeV'] ~ CMS Phase-2 Simulation E
T T— 3'“"“ — High background R 2 == 5% CL ExpectedLimit ]
> 10— T T T T T g r ] 1 I o . Expected Lini
8 108 ; ATLAS Preliminary [ ] Multijet ; 0.6 ---- Medium background _| E‘; E
o 5§ Projection from Run-2 data Ot E r ... Low background ] E
© 10°FE (s=14Tev,3000" - G (20TeV)x5 E L ] ]
> 10*E Signalregion, 4tag - Gy (25TeV) x5 3 0.4~ ] E
€ 10° ; Scaling from 4b simulaton ~ ------ Gy (3.0TeV) x5 ; r b 7
Q ; 3 oo % ATL-PHYS-PUB-2018-032 ] 1
w 10 = - F B 3
UF - CMS-FTR-18-004 ;
10 E Oixu‘mf’:-uumm L 5 10 15 20 25 30 35
N 5 0 2 4 6 8 10 12 14 Br(t — cg), 10°
F E RR/(r—2) _
107 — . || g 20— m——
102E Wino X, % W X, w X, ~ 2L + MET final state o [ CMS Phase-2
£, 1 | U s N | | < L o LA e s = 18 simution Proiiminary
. % 800 = S . miss
0 500 1000 1500 2000 2500 3000 : & © ATLAS Simulation Preliminary Run-2 Uncertainties 1 = 1e; _*" ;":;"a“ exp.vs B
i = — = [ [ 68% exp.
Dijet mast < 700E" {s=14 Tev, 3000 fb" . - % 145 ) o5 oxp '
CMS Phase-2 Simulation Preliminary 3ab’ (14 Tev) ™ € 600 ATLAS 13 TeV, 80 fb - T 12: 4+ Median exp. smeared E™"**
— — — — —1 o memmee 95% CL exclusion (x1 o), multi-bin] 0 F - .
% PP — Xoks + PP = Aok X — 205, X5 — WK b E 500 Ll 50 discovery, inclusive E X 10k Invisible nggS
7 Qo C L o . o) -
O, 45| --- Expected 95% CL limit = 400 Allimits at 95% CL 3 5
& — Expected 5 ¢ discovery ] ke 300 o amemmmmee = =
E 4op 0 . S - 1  E s
B of Electroweakinos 1 e 2008 - S 108 4
C . I n E o~~~ " """ " s B = Q
- : ] o 100¢ ATL-PHYS-PUB-2018048 % E S o CMS-FTR-18016
B K . © Lo N NI T S S o r
So0g 4 Jd107 5 20 300 400 500 600 700 800 900 1000 o O ‘15‘6‘ “2(‘)6‘ “2&‘30“ ‘é(‘)(‘)‘ ‘:‘35‘6‘ 100
C \ 1 1 = = e} 9 .
o5 ' 4 7 g m(x,) [GeV] ©  Minimum threshold on ET"** (GeV)
C [ J 7 = AT TUDZUTOU00 e T
- g 1 @ [ 1 T T T T T T w00 .
20F “ 4 { & g 14 CMS Phase-2 1l = S A e
C ": E % 'g 12i Simulation Preliminary E 1400? ATLAS 95% CL exclusion, o, = 15% |
15 . = d S F olep—Xii—HHj)=1 = T Simulation Preliminary ------ 95% CL exclusion, 0, =30% |
- K q o ® 10; 1 o r 1200? 6:14 TeV, 3 ab'1 —— 5o discovery, 6 =15% -
10 e - l Lor\) 2 PU=200 "%i - <~ I s6.1 15" 95% Csljs:exclusion ]
100180 Hho sw" a0 a0 o a0 10T | & °F Xohi—dp ) = 100 S8 E
X oef | 800 e stop production 1
CMSFTR8001 Mg =m;. [GeV] g E ]
T 4; 1 :* ,:
2F 1 - g
u CMS-FTR-18-003 C B
Al I ' | | | = =
. . '000 2500 3000 ]
Subset of BSM projections by ATLAS and CMS m, [GeV ]

(%)
DESY.
‘e"

for the HL-LHC Yellow Report

Andreas B. Meyer

Physics at the High-Luminosity LHC

400 600 800 10001200 14001600 18002000
ATL-PHYS-PUB-2018-021 m(t) [GeV]

CFCTI,TTENIO, I SEPEMUETr ZUTIy™=

26



H e avy ReSO n a n CeS ATL-PHYS-PUB-2018-022

103 | S AN RN LI I I L LB B BB |

ﬁ- ATLAS Simulafion Expected 95% CL Limit 300fb™
_ S 10°F Vs=1aTev > i
= Heavy Vector Triplet (HVT) model: = ga HVT Z'— WWw — — Expected §5% CL Limit 3000t
t H d th d dt I ? 10 [ Expected Limit 3000fb™ (= 10)
CompOSI e IggS an ree a lona 'l? 1 [ ] Expected Limit 3000fb™ (= 20)
vector bosons Z' and W't . HVT Model A
Z and W+t — WW, WZ or ZZ w ©
WA Vi T g0 _ Z —\WW
v NG
P > P 10° TS e
SV WE 0 TSes e T
= Randall-Sundrum-Gluon: v 100 T S
jet _
RSG_)tt 105.|....I....I....I....I....I....I....I....I....I.
05 1 15 2 25 3 35 4 45 5
mass [TeV]
3 ab (14 TeV) w 15 ab™ (27 TeV)
A S i T = T ™
% 10°k CMS Phase-2 | - Other | "é CMS HE LHC AR ISlgnal l:ross sectlon
& 105k Simulation Preliminary RSG (3TeV) e 4L Simulation Preliminary ------- Median expected  _
..g 10* etjets —— RSG (6 TeV) i I 68% expected E
S 10°F ] 0 ttag —— RSG (12 TeV) % 107 [ ] 95% expected |
e 102 Bkg uncertainty 0 E
>S 10—2
107 E
ol v 0 N i M 10-4....|....|....|....|....|....|....|....—_¢
0 2000 4000 6000 8000 10000 4 5 6 7 8 9 10 11 12
Mg [GeV] RSG mass [TeV]
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Supersymmetry

Strong SUSY 7

LPCC SUSY Cross Section WG
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= Strong SUSY (021 pb at m = 500 GeV): many scenarios already excluded up to 1 TeV
= Electroweak SUSY (o < 0.1 pb at m =500 GeV): could still be light
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Electroweak SUSY
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Long-Lived Particles
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Dark Sector I
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Flavour

Low pt/ High pr Complementarity



Flavour Anomalies: Low pr .

= Tension in current measurements

= R(K*¥), b — spu: 2-30 below expectation
= R(D*), b — ctv: 3-40 above expectation
= Ps’ from B—»K'uu: LHCDb also in tension

= [LHCb will measure several more channels,
also with Bs, A\, and B¢

Best. ) Andreas B. Meyer
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https://arxiv.org/abs/1903.09252
https://hflav.web.cern.ch/

Flavour Anomalies:

e b m
/
L 1Q- :
B° K
d d = +

» R(K*)b — sit
= Theoretically very clean
= Could be explained by LQ or flavour violating Z'
= However, Z— uu already excluded (EFT)

f+
b ] v
B LQ°
» R(D)and R(D*): b— c#v ‘.

= Good fits for W’ vector, scalar or vector LQ

= Full range of LQ searches,
Exclude LQ—tf up to Miq ~ 2 TeV

LQ could explain R(D*) and R(K*)
Could this be a no-lose theorem ?
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High pr
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https://arxiv.org/abs/1704.09015
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-18-008/index.html

Summary

= HL-LHC: superior detectors, refined analyses, advanced theory
= Recent detailed update and extension of HL-LHC projections
* Yellow Report imminent (links to pre-prints in backup)

= 3000 fb-1 of extremely rich and exciting physics
=  Standard model: ultimate precision and rare processes
= Higgs: precise determination of the H(125) properties and searches
= Direct searches: discover new physics or close a few chapters
= Flavour: high/low pt complementarity
= Heavy lon (not shown): precise differential measurements

Expecting to exceed expectations
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Workshop on Physics at HL-LHC and Perspectives for HE-LHC

http:/lpcc.web.cem.ch/hlhe-hc-physics-workshop

= Review, extend and refine our understanding October 2017
of the HL-LHC physics potential Kick-off meeting

= Begin a study of physics at the HE-LHC,
a possible pp collider with energy of ~27 TeV

June 2018
= Working Group Report, “YR2018” >1000 authors Flenary meefing
= WG1: Standard Model arXiv:1902.04070 220 pages, ~200 authors
= WG2: Higgs arXiv:1902.00134 364 pages, ~400 authors
= WG3: BSM arXiv:1812.07831 281 pages, ~300 authors December 2018
= WG4: Flavour arXiv:1812.07638 298 pages, ~300 authors Reports submitted
- WGS5: High-density QCD arXiv:1812.06772 209 pages, ~200 authors to EPPSU

* Addendum (ATLAS&CMS notes) arXiv:1902.10229 1377 pages, >5000 authors

_ _ 1 March 2019
= Two 10-page executive summaries >1000 authors each

Jamboree
submitted to the European Strategy Update Group
= HL-LHC https://indico.cern.ch/event/765096/contributions/3295995/
= HE-LHC https:/indico.cern.ch/event/765096/contributions/3296016/ 13-16 May 2019
Open EPPSU Mesetin
Granada
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https://arxiv.org/abs/1902.04070
https://arxiv.org/abs/1902.00134
https://arxiv.org/abs/1812.07831
https://arxiv.org/abs/1812.07638
https://arxiv.org/abs/1812.06772
https://arxiv.org/abs/1902.10229
https://indico.cern.ch/event/765096/contributions/3295995/
https://indico.cern.ch/event/765096/contributions/3296016/
https://indico.cern.ch/event/647676/
https://indico.cern.ch/event/686494/
https://indico.cern.ch/event/783141/
http://lpcc.web.cern.ch/hlhe-lhc-physics-workshop
https://cafpe.ugr.es/eppsu2019/

arxiv:1902.00134

= Ultimate goal: observation of trilinear coupling
= 120k HH events expected

= Best sensitivity (BR vs. bg): bbtrand bbyy 42 ATL,IAS and CMS HL-LHC prospects _ """ bbyy
= [ . | SM HH significance: 40 | _
c L \ ' bbtt
Z 10 'ul 0.1<k1<2.3 [95% CL] !
Yo | 05<ki<1.5[68% CL] ! -=-- bbbb
ATLAS CMS goancL 8 L /N o bbZZ*(4l)
HH — bbbb 0.61 0.95 - ' B
HH — bbrr 2.1 1.4 oL ] ==== bbVV(lvlv)
HH — bbyy 2.0 1.8 N )
HH — bbVV (llvy) - 0.56 : ,
HH — bbZZ(4]) - 0.37 95% CL af— v\ [ et i
combined 3.0 2.6 o ‘
Combined Y S/ 2
4.0 2 R .
68% CL | & N _a\__ _‘___________:__,__—'_' _____
oL L b N LA ol d sa i uaon
-2 -1 0 1 2 3 4 5 6 7 8

Ka

Combined signal strength significance: 40 (stat. + syst.)
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https://arxiv.org/abs/1902.00134

Effective Field Theory (EFT)

arxiv:1902.00134

Fit of dim-6 operators to Higgs, VBS and DY data (HL-LHC)

sof [BEEn H LHC+LEP/SLD W HL-LHC --- scusvebons | 4x10-4
. 95% prob. bounds
o |l At IR IEEE R i 0.01
= s O R il B 0.04
E | HImHE | s
Ig I E
H R <
< H I i o
1l H A S E B A R B - 1
(IR BT BT SHAE SNl SeEm ERiY ERNY et EEAE ST BENY SRR
. 14
0.1
Osw Ogc Oww Ose Ouw Oug Owe Owp O Ow O O

constrain several Wilson coefficients to the percent level (exclusive bound)
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Effective Field Theory (EFT) Rt

Fit of dim-6 operators to Higgs, VBS and DY data (HE-LHC)

sol IDE&fit) . W LHC+LEP/SLD ® HE-LHC = --- mchshebond | 4410~
95% prob. bounds
T
W ]
L T N 8
i ] 1
10 | R | T LI BN R 0.01
[ A Pl -
— [ N R R M - .
> 5 THEAH b (it Bl S 004 ¢
e SRS - & 3
G H B ¥ - &
H B 3
< H B | S
1
- S Ul R
0.5 i E R .
| (]
I o
1
0.1
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constrain several Wilson coefficients to the sub-percent level (exclusive bound)
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arXiv:1812.07831
HL/HE-LHC SUSY Searches I e . xcusion Simulation Preliminary

HE-LHC, [Ldr = 15ab™": 50 discovery (95% CL exclusion) Vs =14,27 TeV
Model &I, T, Y Jets Mass limit Section
38, 3-qaX) 0 4jets 2.9(3.2) Te\| m(¥})=0 2141
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Fig. 7.1: A summary of the expected mass reach for 50 discovery and 95% C.L. exclusion at the HL/HE-LHC, as
presented in Section 2.
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arXiv:1812.07831
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