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So long Run?2...

eThe 2nd run of the LHC has just ended marking the conclusion of an extremely successful
data taking period

eExcellent performance of the accelerator and of the CMS and ATLAS experiments
ePeak luminosity close to 2 1034 Hz/cm2 (x2 the original design)
e~150 fb-1 of 13TeV pp collisions recorded for analysis in each experiment

e This dataset is unprecedentedly large, but also only 5% or less of the total planned
integrated luminosity for the full LHC program!
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What are the collaborations up to today “?

LHC :
LS1 EYETS 14 TeV 14 TeV
13-14 TeV - energy
splice consolidation upgrade - 5107 x
7 TeV 8 TeV button collimators Poipgt 4 i%%c:grgtliton HL-LHC installation pominal
R2E project Eng. P1-P5 regions —_
diation
damage
riment i rade 2 x nominal luminosity g , t rad
% e me i inosi — u l e ment u e
Zgr{wina[ b);grn pipes | "™ Huminos Y phase %)g _ e phase gg
luminosi ty | /
/ integrated
30 b | 150 fb” | 300 fb" | laminosny

» Currently in the LHC LS2 (technical stop), which data-taking wise gives us a small
reprieve to analyse the wealth of data the experiments have collected during Run2,
before restarting with another pp run at 14 TeV in 2021 where the dataset collected
should at least double

- On the detector end, as busy as ever, or even more - preparing both for Run3 and
for the HL-LHC upgrades

- In 2016 after LS3 (a shutdown for major upgrades) the LHC will become the
high-luminosity run (HL-LHC) where the luminosity will increase x10
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ATLASRCMS Recent Results

Preface: Impossible to cover all the CMS&ATLAS results in 30’ - not even
all the ones presented in the 2019 winter conferences (over 60 brand new
papers and notes in February/March)

This presentation will necessarily be a incomplete snapshot of the
current status, framed by the photographer’s lens

Not intended as a comprehensive overview!

B T —————————

Find the full list of papers and
preliminary notes in the

' * experiment publlcatlon*
webpages
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http://cms-results.web.cern.ch/cms-results/public-results/publications/
https://twiki.cern.ch/twiki/bin/view/AtlasPublic

Triumph of the Standard Model

As a starting point: ATLAS and CMS are today measuring
the SM at 7/8/13 TeV over 9 orders of magnitude

March 2019 CMS Preliminary

| | — =
Q : ;
O - = @ 7 TeV CMS measurement (L<5.0 fb™) 7
— - @ 8 TeV CMS measurement (L < 19.6 fb™")
© 3 = @ 13 TeV CMS measurement (L < 137 fb™)
C >n jeEsE) A — Theory prediction
- @ I Z Z 2 CMS 95%CL limits at 7, 8 and 13 TeV
E >n jet(s)
-8
L@

— —k — —
o o o o
\} W = (o))
URRLLL
HE
0
B—
a

LI llllll

URRLLLL
2]

=
u

1

LI lllllll

107"

Production Cross Section
o

—
<
\V)

LI Illllll LI lllllll

10°°

| llllllll | IllllllI | Illlllll | llIIIlII | IllIllII | llIlIIII | Illlllll | lllllllI | Illlllll

LI IIIIIII
[

-4 : :
1 O | | | | | | | | | | | | | 'E | | | | | | ] | | | | | | | | | BF! | | | | | |
EW'EW ' 'ew 'Ew 'EW EW 'EW

W Z Wy Zy WWWZ ZZ qaW qaZ WW quyssWquzyquzqqzzWWWWVY Zy wy ot Wttty tZg HZ ty twW it gquqH VH WH ZH ttH tH HH
EW: Woalv, Z-l, I=e,n Th. Ao, in exp. Ac

All results at: http://cern.ch/go/pNj7

M. Cepeda (CIEMAT) 5




Precision Standard Model Measurements

. . _ Marchooto CfMS Plrellimilnafy
‘ EX p a n d I n g C at a | O g u e Of p reC I S e CMS EWK measuremen ts vs. 7 TeV CMS measurement (stat,stat+sys) b——o——
Theory 8 TeV CMS measurement (stat,stat+sys) ——o——i
SM measurements at 7,8 at 13 | .z e
. . . aqgW . 0.91+0.02 +0.09 35.9fb"

- Z —+—ofh— 0.93+0.14+0.32 5.0fb"

TeV (cross sections - including w
. . qqZ e 0.98 +0.04 +0.10 35.9fb
EWK production, asymmetries, |rw | 1Tes000a0n a7
) ) qaWy — — 1.77 £0.67 £ 0.56 19.7 fb”
. s WW 0.69 +0.38 +0.18 19.4 fb
Weak m|X|ng angle_ . ) o WW . 0.90+0.16 £0.08 35.9 b
qaZy — — 1.48 +0.65+0.48 19.7fb"
qqWz 0.82 + 0.47 35.9 b
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o Rare p rocesses beCO m i n g http:ﬁggﬁg%gi% N7 1 Prodzuction CrossSSection Rati%: Oexp / othjo
accessible.
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7/ Bkgd. Unc. |

the first evidence of VVV
production with 80 fb-1 of
the collected data, in good _
agreement with the S e
theoretical predictions )

Data / Bkgd
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=xploiting the Top Factory

ATLAS+CMS
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ttbar and single top production
under scrutiny
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Exploring Top Quark Production

CMS Prellmmafy
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olu+iets, 3617 (13TeV) - e|ncreasingly more precise (multi-) differential
distributions becoming accessible, not only in ttbar:
differential single top production cross section

e ttbar production at LHC provides the-only direct
constraint on high x gluon PDF

e Pt spectrum still presenting mysteries: pt somewhat
softer in data than predicted even at NNLO

eTensions in top-spin correlations (missing higher
250 order corrections to top kinematics?)

T
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https://arxiv.org/abs/1903.07570

ceyond t and tt: tt+X

>
ottV : probing the EWK couplings of the top : 10% §

precision (better than NLO), moving to differential 2

distributions

ott+bb : large theoretical uncertainties,
experimental precision now better than predictions
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Rare Top Production

e Observation of tZq - rare SM process (1pb) , Sensitive to t-Z coupling, FCNCs,

triple WWZ couplina
o(pp — tZq — t4*4~q) = 111 £ 13 (stat) *5* (syst) fb

e Search for 4top production: very rare, 0.01pb, sensitive to top yukawa

coupling.
e CMS (TOP-18-003): obs. (exp.): 2.6 (2.7) ; ly/lySMI < 1.7 @ 95% CL
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2018: a good year for Higgs&Fermions

eHiggs coupling to bosons already well established.

eHighlight of 2018: Observation of Higgs coupling to third
generation fermions

e\Winter19 updates to Hbb and Htt (both with STXS, CP in 17)
and ttH (updated ttH HgQ)

e Coupling to second generation? pp: currently ~2 the SM reach in
each experiment with partial Run2 data -> next in line!

T LN I B B B B B 774fb'1(13TeV)

> T ] ] Ll 1 I L] ) ] L I T T T 6
o - ¢ Data ATLAS Preliminary o 10°g—— E
o 30F S < cms “wsisinonle |
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™ 5 [ ---- Total Background m,, = 125.09 GeV J w 10°E oo ¢ (Obe-Dlg)ble. E
. 5 - - Signal + Background All categories . o -
P o i N &5 10'E 12 -1 -08 -06 -04 =
g 20 - . In(1+S/B) weighted sum = _,g : o9, (S155) ]
D . Observed Expected n o
Q - — L 10 3 3
2 15 4.90 (4.20) :
“— — '
O - E
= -
5 10
w : j
5 ~ ; [Jen T,
o 1 -“'Th l:lth‘ch =
O _l 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 n E - S+B unc. - H-1t (M=075) 3
110 120 130 140 150 160 o $Obered L
Also CMS-PAS-HIG-18-018 m,, [GeV] -3 25 -2 15 1 -0.5 0
log, (S/(S+B))
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HIggs Production & Decay

eMain higgs production & decay modes observed now. Kappas to 10-20%.

eFirmly in the precision / measurement era, with similar performance in CMS
and ATLAS: Single experiment partial Run2 results more precise already than
the Run1 ATLAS+CMS combination!

p=1.11702 = 1.11 + 0.05 (stat. 002 (exp.) To 9 (sig. th.) T9-02 (bkg. th.)

my
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ATLAS Preliminary
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— - _ o
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102 b —=
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0.9 ]
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Differential & Fiducial Higgs CrossSections
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« Simplified template cross-sections available for
most channels: minimise dependence on the

theoretical model

with the SM: measure the cross section
as a function of Higgs kinematic

variables (pt, eta of the products or of the
Higgs, number of jets in the event,...)

ATLAS Preliminary Total Stat. Syst
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Exploring the Higgs Sector

e Additional scalars are a common feature of BSM models
(MSSM and 2HDM, NMSSM, ...). Large landscape of
searches for BSM Higgs with unprecedented sensitivity and
new techniques.

October 2018

tan

N WhO

ATLAS
Preliminary

hMSSM, 95% CL limit
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-=-=-- Expected

S|

o

300

400

600
m, [GeV]

] HA->tt

Vs =13 TeV, 36.1 b’

JHEP 01 (2018) 055
[ H-

Vs =13 TeV, 36.1 b

JHEP 09 (2018) 139
O H-t

Vs =13 TeV, 36.1fb"

arXiv:1808.03599 [hep-ex]
1 H- ZZ— 4llivy

Vs =13TeV, 36.110"

Eur. Phys. J. C (2018) 78: 293
[ 199~ A—>Zh

Vs =13 TeV, 36.1 0"

JHEP 03 (2018) 174
/3 Ho> WW— viv

\s =13 TeV, 36.1 b’

Eur. Phys. J. C 78 (2018) 24
3 H- hh— 4b,

— bb yy/tr,
— WWyy

Vs=8TeV,20.3 10"

Phys. Rev. D92, 092004 (2015)
[ H->hh—>bbyy

Ys=13TeV, 320"

ATLAS-CONF-2016-004
=== h couplings [k, ¥, k]

Ys=13TeV, 36.1-79.81b"

ATLAS-CONF-2018-031
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CMS Preliminary
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M Paste > Ta

L
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95% CL limits

95% expected
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N
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o
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—
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0.5

CMS HIG-18-027

400 500

700
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600

Constraints on BSM Higgs from the measured H(125) couplings, but also from direct
searches targeting a large variety of final states, in “model independent” ways and
also for different concrete benchmarks, old and new. No surprises yet.
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Exotic HIggs Decays

¢B(BSM) limits from Higgs couplings (~20%) leave large phase space for BSM decays
of H(125): expanding list of Higgs Exotic searches, for instance h->aa 2HDM+S)

x B(H—

Su
Ogm

_
o
'S

95% CL on

10

ATL-PHYS-PUB-2018-045 ie4]

eSpecial mention to Higgs invisible (connection between

ATLAS Preliminary

Run 1: {s =8 TeV, 20.3 fb”’
Run 2: {s = 13 TeV, 36.1 fb™

2HDM+S Type-I1, tan3 = 2

== == expected 10
—— observed

Run 1 H— aa— pprte
arXiv: 1505.01609

Run 1 H— aa— yyyy
arXiv: 1509.05051

Run 2 H— aa— ppup
arXiv: 1802.03388

Run 1 H— aa— yjj
arXiv: 1803.11145

— Run2 H— aa— bbbb
arXiv: 1806.07355

Run 2 H— aa— bbup
arXiv: 1807.00539

95% C.L. limiton o x BR/ o,

Higgs and dark matter searches): B(H->inv) < 0.19 (0.15)

@ 95%CL in CMS, B(H->inv)<0.26 (0.17) in ATLAS...

Now also ttH, H->Inv!:
CMS-PAS-HIG-18-008: B(H—inv)< 0.46(0.48)

o
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0
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| ooking for New Physics”

e| eaving no stone unturned in the search. Going from traditional searches to
exploiting new techniques: is BSM hiding in difficult corners of the phase-space?

phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.

- .. .o e
ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary
July 2018 \Vs=7,8,13TeV
Model &u Ty Jets ET [Laqm™ Mass limit [NE=78TeV 5=13Tev Reference
T T T T T T T —
33 a-qt) 0 2-6jels  Yes  36.1 1.55 m(E])<100GeV 1712,02332
P mono-jet 1-3jets Yes  36.1 0.71 mig)-mit})=5GeV 1711.03301
22, E—aaty 0 26jets  Yes 361 4 2.0 m(t})<200GeV 1712.02332
z Forbidden 0.95-1.6 m(¥1)=900 GeV 1712,02332
@&, gt oY) Sep 4 jets - 361 |2 1.85 m(E})<800GaV 1706.03731
[ ee, pup 2jets Yes  36.1 f ] 1.2 m(g)-m(¥)=50GeV 1805.11381
22, 3rqqW2Zi| 0 7-1ljets  Yes 361 |& 1.8 mi5) <400GeV 1708.02794
Sep 4jels - 361 |# 0.98 m(&)-m(F))=200 GeV 1706.03731
= 33 gy 0-1eu 3b Yes 361 |& 2.0 m(E?)<200GoV 1711.01901
3ep 4 jots - 361 |& 1.25 m(E)-m(¥!)=300GeV 1706.03731
Byby, by —b¥ ¥} Multiple 361 | b Forbidden 0.9 m(F})=300 GeV, BR()=1 1708.09266, 1711.03301
Multiple 361 | & Forbidden 0.58-0.82 m{x])=300 GeV, BR(AT})=BR(t{1)=0.5 1708.09266
Multiple 36.1 by Forbidden 0.7 m{¥])=200 GeV, m(¥})=300 GsV, BR(F} )=1 1706.03731
Byby. fyiy My = 2x M, Multiple 361 |& 0.7 m(¥})=60GeV 1709.04183, 1711.11520, 1708.03247
-E Multiple 36.1 A Forbidden 0.9 m(¥})=200GeV 1709.04183, 171111520, 170803247
a. #7,, f—WhT| or et 0-2eu 0-2jets1-2b Yes 361 | & 1.0 m{i)=1GoV 1506.08616, 170904183, 171111520
fi, HLSP Multiple %1 |7 0.4-0.9 m(¥])=150 GeV, m(¥})-m{¥])=5 GeV. 7| = i, 1709.04183,1711.11520
i Multiple 36.1 n Forbidden 0.6-0.8 m(¥;)=300GeV, m(T7 )-m(¥,)=5GeV. /| ~ i, 1709.04183, 1711.11520
B\g iy, Well-Tempered LSP Multiple 36.1 iy 0.48-0.84 m(t})=150GeV, m(i1)-m{i})=5GeV, i, = i, 1709.04183, 1711.11520
iy, iy —ek) 1 88, ek 0 2¢ Yes 361 |& 0.85 m(i))-0GeV 1805.01649
A 0.46 mif).&)-m(¥]) =50 GeV 1805.01649
0 mono-jet Yes 361 |# 0.43 m(iy,&)-mi{¥})=5GeV 1711,03301
Dy, =0y +h 1-2ep 4h Yes 361 |& 0.32-0.88 miF])=0 GeV, m(i, --m(i])= 180 GeV 1706.03986
VA viawz 23ep - Yes 361 r/x_r; 0.6 X miE5)-0 1403.5294, 1806.02293
ee, pjt >1 Yes 361 |iA 047 m(E)m(F})=10 GeV 1712.08119
FiVS via wh (Lilyyltbh Yes 203 [EEDNeEE mii)=0 1501.07110
TiUG [0S, 1) —Fwire), Ky —ir(vi) 27 - Yes 361 | Ey/E: 0.76 om0, mr, i-)-o.s(m(nj.‘).ng‘;)) 1708.07875
E X% ng 0.22 m{FT)-m(¥})=100 GeV, m(F. 7)=0.5(m(¥T )+m(¥})) 1708.07875
O klig, 108 2e.p 0 Yes 361 |# 0.5 m(E)=0 1803.02762
2ep 21 Yes 361 |# 0.18 m(f)-m(E))=5 Gev 1712.08119
i1, H—hG [2G 0 =3b Yes 361 |7 0.13-0.23 0.29-0.88 BR(T! — hG)=1 1806.04030
dep 0 Yes  36.1 /] 0.3 BR(E| — ZG)=1 1804.03602
Direct ¥, ¥, prod., long-lived ¥ Disapp. trk 1 jet Yes 361 | & 0.46 Pure Wino 1712.02118
g j% 0.15 Pure Higgsino ATL-PHYS-PUB-2017-019
Stable ¢ R-hadron SMP - - 3.2 z 1606.05129
§ Metastable § R-hadron, —qq¥’| Multiple 32.8 24 m(E})=100 GeV 1710.04901, 1604.04520
GMSB, ] —yG, long-ived ¥} 2y - Yes 203 1<n(¥)<3 ns, SPS8 model 1409.5542
78, ¥ —eev/epy/ppy displ. ee/epfpp - 20.3 6 <cr(¥])< 1000 mm, m(F})=1 TeV 1504,05162
LFV pp—¥. + X,V —ep/et/ur cpeTuT - - 3.2 Ay =011, Ayyz133/23=0.07 1607.08079
TV 103 — Wwjzeeeewy 4ep 0 Yes  36.1 m(E})=100 GeV 1804,03602
22, §—qg¥1, X = q9q 0 4-5large-Rjets - 36.1 Large 1}, 1804.03568
E Multiple 36.1 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
38, & — ths | g1k, X — ths Multiple 36.1 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
i, i—t0), ¥ = ths Multiple 36.1 m(F})=200 GeV, bino-like ATLAS-CONF-2018-003
iy, h—bs 0 2jets+2b - 36.7 171007171
iy, [y—bl 2e.p 2b - 36.1 i 0.4-1.45 BR(f, —be/by)>20% 1710.05544
. N N MR | N s N PR
*Only a selection of the available mass limits on new states or 107! 1 Mass scale [TeV]
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.. -1
CMS preiiminary 137 fb™ (13 TeV)
pp > gg; cto(ﬁ)=50 cm Approx. NNLO+NNLL exclusion
_ BRG—aqa%y)=3]
==0Observed + 1¢

theory

~ - et 4+ ~0,
— BR@—q,q,%. % > %)= 1
===z Expected + 16,

periment BR(@—q,9,%, %, "x":) = %

2000
1500}
1000

500

[ Wino-like %: 7‘1’

-

’
-
-
TR AR

L1 |\ FxXcluded9§%CL (LEP) .I

0 11 1
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_
I 40

|
-

95% CL upper limit on cross section [pb]

C M S Preliminary

|_ooking for New Physics?

eExample: disappearing track searches: well reconstructed track in the inner layers
of the tracker that “goes missing” (at least two outer tracker layers missing hits).
Categorize by length of observed track to catch a range of lifetimes.

disappearing
track

137 fb™ (13 TeV)

PP 593,997 i? Approx. NNLO+NNLL exclusion

=—Observed £ 10,

=:-Expected + 1 O experiment

LI
L}
sl b b by v by vy by |

| TE 1] 1 1 1
800 1000 1200 1400 1600 1800 2000 2200 2400
m; [GeV]

—

—
<

I 95% CL upper limit on cross section [pb]

S
%

'i—4

CMS SUS-19-005
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_ong Lived”

e Disappearing tracks was one example. The
searches for long lived particles are a
promising, expanding field
e Challenging experimentally, with innovative
techniques in fast development

e Multiple signatures and topologies for
charged and neutral LLP

----- neutral
displaced |mm charged
HSCP dilepton |~ any charge
disappearing displaced
track lepton
( ........ ...
dlsplaced y L R e J
vertex o’ . 4
:. .0.
- e displaced
: o photon
EY
Il BSM
M lepton
) : W quark
displaced ¥ displaced photon
vertex conversion M anything

Credits: J. Antonelli

2.8
2.6
€ 24
2.2

t) [TeV]

1.8
1.6
1.4
1.2

N

CMS Preliminary

III||I| T |IIIIII| I IIIIIII| T IIIIIII| T TT

[
95 % CL Upper limits

—e— Observed

- Expected median +1 ¢

Expected median £ 2 ¢

CMS displaced multijet (36/fb)

NLO+NLL o, . (PP—g0)

CMS-EXO-19-001

137 b (13 TeV

pp >90,9 >g+G
m, = 2400 GeV

Displaced Je

10? 10°

~~ o~

Stop R-Hadron,pp —»> tt, t > pj

10* 10°

T llIIllllllIIIIIIIIIIIIIIIIIIIIIII

ATLAS Preliminary

Vs=13 TeV, 136 fb, All limits at 95% CL

#=== Expected Excl. Limit (1,2 ¢

SUSY)
theory

exp)

Disglaced Vertex

ATLAS-CONF-2019-006

10" 1

10 ~ 10
T(t) [ns]
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Resonances

eDiboson, dilepton, dijet...

e Jet substructure well established
as a key analysis technique

e| ower mass reach through
iInnovative trigger strategies -
scouting (CMS) and trigger-level
analysis (ATLAS)

10

> N BB L B R B B B L BEL NN RN BEL LR
S 10° b ATLAS Preliminary ¢ Data
s \s=13Tev,1391"  —Fit
= 10?2 --- Fit + HVT model A m=2.0 TeV
2 --- Fit + HVT model A m=3.5 TeV
e 10
L
1
10'1=
» F WZor WW SR
107 2DOF = 6.0/4
10_3F.|....|....|....| ! l I I
Q — ' ' ' -
c
(1]
©
c
2
%)

CMS Preliminary
T T UL |

Moriond 2019

> ' ; - £
8 10°* ATLAS
o Vs =13 TeV, 139 fb™ 1l—
~ 3 [
P 10 —
s —
L =
10 e Data H
—— Background-only fit ';g
1 ---- Generic signal at 1.34 TeV, I/m = 0% : -
-------- Generic signal at 2 TeV, I'/m = 0% ," .
10~ -+ - Generic signal at 3 TeV, I'/m = 0% i } *
v 4 — 7 — - — 107" —
=R ML ot : .
g T T AT X TR TR I TR TR TN TR 1 VR S SN -
3 g W e R . -
o -4 :
= 3x10? 10° 2x10°  3x10° B
Ml | " " PR
M, [GeV] 810 20 30

ATLAS:1903.06248

ol " " PR
1000 2000
M, [GeV]

PR | " " PR
100 200

95% CL exclusions

I, / Mz. <~100% . ATLA§ Boosted Dijet, 13 TeV
<z - [arXiv:1801.08769]

CMS Dijet y, 13 TeV
[EXO-16-046]

ATLAS Dijet+ISR v, 13 TeV
[arXiv:1901.10917]

I,/ M, <~30% -, ATLAS bb+ISR y, 13 TeV
- [arXiv:1901.10917]
CMS Broad Dijet, 13 TeV
[arXiv:1806.00843]

ATLAS Dijet TLA, 13 TeV
[arXiv:1804.03496]

ATLAS Dijet, 13 TeV
T,/ My <~10% - jet,

A Aladlii) [arXiv:1703.09127]
CMS Dijet, 8 TeV
[arXiv:1604.08907]

CMS Dijet b tagged, 8 TeV
[arXiv:1802.06149]

CMS Dijet Scouting '16, 13 TeV
[arXiv:1806.00843]

CMS Dijet '16, 13 TeV
[arXiv:1806.00843]

CMS Boosted Dijet, 13 TeV
[arXiv:1710.00159]

CMS Dijet '16+'17, 13 TeV

[EXO-17-026]

CMS Boosted Dijet+y, 13 TeV o .. ua2

[EXO-17-027] [Nucl. Phys. B 400, 3 (1993)]
CDF Run1
[arXiv:hep-ex/9702004]

CDF Run1
[arXiv:hep-ex/9702004]

Z width (all T,/M,)
[arXiv:1404.3947]

Y width (all FZ,/MZ‘)
[arXiv:1404.3947]
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Dark Matter Searches

» Large coverage of topologies: no surprises yet, but expanding phase-
space covered

- Complementary to direct searches, improved sensitivity at low
masses

35.9 b (13 TeV)
|

1.6

I | | I | I I
CMS Preliminary — combination — h(bb)
Z'-2HDM, Dirac DM B combinations1oc ~ — h(rr)
mA=300 GeV, mx=1 00 GeV combinationt20 = h(yy) -

z'=0'8’ gx=1 tanp=1 —h(z2) — h(Ww)
M=m,.=m,

Solid (dashed) lines:
observed (expected) 95% CL limits

—_ Dijet
Dijet y8 = 13 TeV, 37.0 b
PRD 96, 052004 (2017)
Dijet TLA 5 = 13 TeV, 20.3 fb "
PAL 121 (2018) 0818016
Dijet + ISR ¥s = 13 TeV, 155 b 3
Preliminary ATLAS-CONF-2016-070 10
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o/oy,

1.4

—
L
T IIIIIIII T
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== i resonance

Vs =13TeV, 36.1 fb”' 102
EPJC 78 (2018) 565

= Dibjet
Vs =13 TeV, 36.1 fb”! 10 X
PRD 98 (2018) 032016
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1 IlIlIlII 1 llIllIlI
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TTETTHX
ET ™4y ¥§=13Tev, 361 0" 1
Eur. Phys. J. C 77 (2017) 383
E7*4jet Y5 =13 TeV, 36.1 fo”’
JHEP 1801 (2018) 126
E74Z(I) Vs = 13 TeV, 36.1 b 1 0‘1
PLB 776 (2017) 318
E7*+V(had) Y5 = 13 TeV, 36.1 fo”’
JHEP 10 (2018) 180

TTTIT
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ATLAS: arxiv:1903.01400 CMS EX0-18-011
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Recent B-Physics results

- Observation of Two Excited B+, States E M o
. fs=13TeV ) Signal
and Measurement of the B+,(2S) Mass in _ _ | = s
pp Collisions at 13 TeV 2 40 l
2 30
- The observation of two peaks, rather & I
than one, is established with a 10 | g
] . ) ] CMS PhysRevLett122132001
significance exceeding five standard o ===
deviations. M(B: 7*7°) - M(B) + mg. (GeV)
R Ty e
.. . 2 - Vs=13TeV, 805fabr¥ — Total Fit .
* TUUM updated limits in CMS: i -
£ § — Ag— Jlyp
* BF<8.8(9.9)e-8 at 909%CL (CMS-PAS-
BPH-17-004)
- Time-dependent angular analysis of ]
= 3
Bs—=J/W® 4, = -0.076+0.034 (stat.) + 0.019 (syst.) rad F j
AT, = 0.068 +0.004 (stat.) + 0.003 (syst.) ps ™. = .
I, = 0.669 +0.001 (stat.) + 0.001 (syst.) ps~ 45555553 5. S
nl| ass |Ge
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| ight by light scattering




| ight by light scattering

arXiv:1 81 0. 04602 PbPb 390 ub™ (5.02 TeV)

§
3 —&— Data CMS
- [ LbLy v — v y (MC)

 [[7] CEP (gg — v v) + other bkg Run: 366994

[ JQEDyy —e%e (MC) Event: 453765663 mW = 29 GeV

2018-11-26 18:32:03 CEST

115 2
Diphoton y

ATLAS Preliminary
Pb+Pb \s,, =5.02 TeV

>
)
)
~
8]
C
()]
>
L

-e- Data 2018, 1.7 nb™
___|Signal (yy = yv)
[ CEP gg — vy
Elyy —ee

30

m,, [GeV] ATLAS-CONF -2019-002




HINTS OF THE FAR FUTURE...



SO what next?

LHC

LHC

upgrade of injector chain to
deliver brighter bunches

new Iinteraction region layout
and crab cavity

LS1 EYETS
13-14 TeV -

energy

i lidati pgrade
7 TeV 8 TeV ’E.'.'.‘i:? o'éﬁ‘u’n'm'r';" Pl::lnt 4
R2E project Eng. P1-P5
0 0 O 014 0 016 0 018 019 740
% riment nominal luminosi
Zgr{ﬂnal ;’:l.n ::;08 ominal luminostty
luminosity | /_
30 fb™
=]
Run 3:
D)esIo 0

L =2x10%*/cm?/s
for 300/fb

e And HE-LHC?: LHC tunnel, 16T magnets
» 27 TeV collisions (15 ab-1, ~800PU)

(* slide taken from P. Azzi)
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5t07x
cryolimit nominal
interaction HL-LHC installation luminosity
regions —

experiment upgrade
phase 2

| integrated
luminosity

HL-LHC: Peak £ = 2 x 103°/cm?/s

level luminosity to

Nominal scenario: £ =5 x 103*/cm?/s
for 3000/fb; Pile-up <u> = 140

Ultimate Scenario: £ = 7.5 x 103*/cm?/s
for 4000/fb; Pile-up <u> = 200

=25% increase in integrated lum.



Precision physics at the HL-LHC"

e High statistics does not come for free: extremely challenging conditions
e High luminosity = up to 200 pileup interactions per crossing
e Detector elements and electronics are exposed to high radiation dose

o Extensive upgrade program by ATLAS and CMS underway, with the goal of
iImproving or at least maintaining the current performance despite the hard
conditions

» Effective pileup mitigation & extended capabilities with new algorithms

 [ncreased detector acceptance

* Increased spatial granularity to resolve signals from individual particles

» Precise timing measurements to provide an additional dimension for discrimination

e Performance of the future detectors documented in Technical Design Reports

- Physics Reach discussed in the 2018 Yellow Reports (SM, Higgs, BSM, Flavour,
Heavy lons), submitted to the European Strategy

> Pll be showing some examples of the Higgs and BSM reach ahead, not aiming
to discuss the full report

M. Cepeda (CIEMAT) 20



https://twiki.cern.ch/twiki/bin/view/LHCPhysics/HLHELHCWorkshop

nggs @ HL-LHC

s =14 TeV, 3000 fb per experiment e Precision on kappas of 2-4% can be

E Total ATLAS and CMS

— Statistical HL-LHC Projection

— EXperimental
—— Theory Uncertainty [%]
2% 4% Tot Stat Exp Th
Ky = 18 08 10 1.3
Kw == 1.7 08 07 1.3
K;, = 15 07 06 1.2
Kg =__. 25 09 08 2.1
Ki BE== 34 09 11 3.1
Kp == 3.7 1.3 13 32
K: = 19 09 08 15
Ky B= 43 38 10 17
KZy —_— ‘ 98 72 1.7 64
0 0.02 004 006 008 0.1 012 0.14

Expected uncertainty

arxiv:1902.00134

reached for the non-statistically
dominated modes

e Exploitation of the full dataset: differential
cross sections as a key tool; rarer modes

can be measured

-2AIn(L)

99.4% CL 8

95% CL 4}

68% CL

ATLAS and CMS HL-LHC prospects

12—

SM HH significance: 4o

0.1 <x1<2.3[95% CL]
0.5<Kk1<1.5[68% CL]

____________________

_________

<-4 - - - r+Fr----—-— 4" - - - - - - - - - - — — — 44

------
-
-
-
-

K2

3 ab-1 (14 TeV)

—— Combination
-- bbyy
" bbtr
"~ bbbb
bbzZ*(4l)

-~ bbVV(Iviv)

e 4 sigma on HH production, second
minimum of the negative self-coupling
log-likelihood excluded at 99.4% CL.
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https://arxiv.org/abs/1902.00134

BoM @ HL/HE-LHC

Broaden the scope: looking for rare processes, weaker couplings, as model
iIndependently as possible. Exploit the detector upgrades to gain access to new
corners of phase space.

Sensitivity to new physics with masses from 200 GeV to 8 TeV. For some
channels, automatic gain (higher energy, lumi, better detector) - in some other
channels developments and new technigues will be critical.

Am@E 7) [GeV]

-
o

F o—t ~ . . . i i _1
iz %o ’“Z ":’, X X X, ?productlon, tanf =5, u >0 Pure Higgsino CMS Projection 3.0 ab™" (14 TeV)
T T T T ] — 71 rv . . 1. [ T Tt 1t Tt | Tt T Tr1 2500 10.0
X ATLAS Simulation Preliminary == with YR18 syst. uncert.
= I Vs=14 TeV, 3000 fb™, u = 200 = == = with Run 2 syst. uncert.
= All limits at 95% CL - . i
- A . 2000 "% eu , | with stat. uncert. only
[ - ] =
0 >
L ) _ )]
. 50 discovery O 1500
- - - - - Expected limit ~
o ol ] Disappearing tracks —| E< 1.0
" ol [ Soft leptons =
- [ ] LEP2 exclusion — |
- - SR Theory i - 1000
L - £
I h a + 2HDM
R R N R R >0 tan(B) = 1, sin(6) = 0.35
100 200 300 400 500 . mpm = 10 GeV
m(x,) [GeV]
- - - - 1 1 1 1 1 1 1 1 1 0-1
ATL PHYS PUB 2018 048 100 200 300 400 500 600 700 800 900 1000
m, (GeV)

(Just two examples)
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Expected 95% CL limit on u (YR18)
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BoM @ HL/HE-LHC

HL/HE-LHC SUSY Searches RN e L chnir)

Simulation Preliminary

HE-LHC, [£Ldr = 15ab~": 50 discovery (95% CL exclusion) Vs =14,27 TeV
Model e, T,y Jets Mass limit Section
8 B 0 4 jots 29(32)Te m(t})=0 2.1.1
3, 3—q%1 0 4 jets 2 52(57) Te m(¥})=0 2.1.1
o
£ 2z 20} 0 Multiple 23(25)Te m(¥))=0 2.1.3
P 0 Multiple 24(26)Te m(¥})=500 GeV 213
NUHM2, - 0 Multipler2s | & 55(5.9) Te 242
7\, ot 0 Multiple/2b 1.4 (1.7) e m(i%)=0 212,213
8 i, il 0 Multiple/2b 0.6 (0.85) TeV Am(i;, X9)~ m(Y) 212
® )
iy, i—bY 0] 03 0 Multiple/2b | 7 3.16 (3.65) TeV 242
W 2en 01 jets 0.66 (0.84) TeV| m(¥})=0 221
- QO N
g % Tiv) via Wz 3eu 0-1 jets 0.92 (1.15) TeV m(¥})=0 222
g ‘:a; XiX3 via Wh, Wh—Evbb 1eu 2-3 jets/2b 1.08 (1.28) TeV m(¥})=0 223
< -
- W WtT 2e,p - 0.9 TeV m(t])=150, 250 GeV 224
o X0 + OV, i-ZU0 G »Wh 2en 1jet 0.25 (0.36) TeV m(¥})=15GeV 2251
% VS + 30, Va2, GG »WH] 2e.u 1jet 0.42 (0.55) TeV, m(E))=15 GeV 2.25.1
R R i er at 2p 1jet 0.21 (0.35) TeV, Am(¥3, ¥))=5GeV 2252
§ X3¥! via same-sign WW 2ep 0 0.86 (1.08) TeV| 242
P 2r - 0.53 (0.73) TeV| m(¥})=0 2341
3 2r, (e, ) - 0.47 (0.65) TeM]  m(¥})=0, m(#,)=m(i) 232
? u 2r, (e ) - 081 (1.15) e m(¥%)=0, m(#,)=m(zs) 234
XX, XX, long-lived ¥§ Disapp. trk. 1jet 0.8 (1.1) TeV Wino-like X7 411
XX, XX, long-lived X} Disapp. trk. 1 jet 0.6 (0.75) TeV Higgsino-like X 411
MSSM, Electroweak DM Disapp. trk. 1jet 0.88 (0.9) TeM| Wino-like DM 413
§ MSSM, Electroweak DM Disapp. trk. 1jet 2.0(2.1) TeV Wino-like DM 413
w
=3 MSSM, Electroweak DM Disapp. trk. 1jet 0.28 (0.3) TeV Higgsino-like DM 413
=
§’ & MSSM, Electroweak DM Disapp. trk. 1jet DM mass 0.55 (0.6) TeV Higgsino-like DM 413
~J
# R-hadron, 3->qqY} 0 Multiple 3.4 TeV m(¥})=100 GeV 421
2 R-hadron, g—ggt 0 Muttiple 2.8 TeVl 421
GMSB ji—uG displ. p - 0.2 TeV, cr =1000 mm 422
L L L L ' L 1 0 l L s L A A L AL arxiv:1 81 2.07831
107! 1 Mass scale [TeV]

M. Cepeda (CIEMAT) 29




BoM @

HL/HE-LRC

Model spin  95% CL Limit (solid), 5 o Discovery (dash)  naen
KK — 4b AR R R D D R PP
HVT - VV T T T 6.4.4 6.4.4
Grs > W*W ™ 1§70 R . R § 6.4.6
Grs — tt | S i 622 622
e N T : ; o
Zssu— tt 1 .'.'.'.'.'.'.';'.'.'.'.'.'.'.'i'.'.'.'.'.'.'."f.': ? 6.4.6
Z,~ ' e
Zegu = 6" LA O RISt WY
Zssy = T'T L PR s s S ' 6.24
Wesy — Tv T — 627
Wseu = £V 1ﬂﬁﬂﬂﬂﬁﬂﬂﬁﬁﬂﬂﬁﬂﬁﬂﬂﬂﬁﬁti g 6.26
Wy — th > bbev L A A é 626
Q" jj ] A A P A S 6.4.6
vMaram _, ¢qq 3 N I S S SN I 513 5.1.3
vieaw (my = mg) L B et 5.1.1 5.1.1
=y 3 JUE——_———— 6.3.1
LQ(pair prod.) » bt OIS . HE-LHC. B
LQ — tu O T s=2rTev,L=15a0" |52
LQ — tT 0 i . lﬂ_LHC 5.2.1
H*H™" = 1. £ 2% 27 (NH)0 FiE% T : 5.1.1 5.1.1

h (NH) T.-.'Z-I-'-" VSi= 14 TeV, L =3 ab

H*H™ ™ - 1,*¢%¢% (IH) 0
("p= e,/.l)

0 2 4 6 8 10 12 14

Mass scale [TeV]

5.1.1 5.1.1

arXiv:1812.07831
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Conclusions

eThe very successful LHC Run2 has just ended - leaving
CMS and ATLAS with ~150fb-1 of data to exploit

e [The collaborations are working hard to broaden their
already wide physics programs: from SM measurements,
including studying the properties and kinematics of top
quarks and Higgs bosons, to hunting down new physics in
every possible manifestation in a collider

*At the same time, getting ready for the challenges ahead:
Run3 and the HL-LHC

eYellowReport 2018: five documents exploring the physics
potential of the HL/HE-LHC- exciting path ahead!

M. Cepeda (CIEMAT) 31




BACKUP




STXS Indirect Constraints

r— — p— u
é - ATLAS VH, H—bb, V—leptons cross-sections: ] a rXIV: 1 903 u 0461 8
o | {s=13TeV, 79.8 fb ® Observed ==Tot. unc. == Stat. unc.  _|
> 2 3 , ==SM [ Theo. unc. ]
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H/Z/Z and ZZ
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Sensitivity to the Higgs Self Coupling

* HH production: o~ 31 fb@13TeV
* Very low cross section: destructive interference between triangle and box

* Sensitive to BSM physics : Small changes of the couplings can lead to large
changes in production

« Driven by bbgammagamma and bbtautau : Currently ~10 times the SM cross
section (2016 data)

« Alternative approach: Indirect constraints on Higgs self coupling from single Higgs
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http://arxiv.org/abs/1811.09689
http://arxiv.org/abs/1811.09689

HL-LHC: SelfCoupling constraint from ttH Hgg

CMS Phase-2 Simulation Preliminary
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| ong Lived Summaries

CMS long-lived particle searches, lifetime exclusions at 95% CL

RPV SUSY, T — bl, m(t) = 420 GeV
8 TeV, 19.7 fb"' (displaced leptons)

https://twiki.cern.ch/twiki/pub/

H— XX (10%), X — ee, m(H) = 125 GeV, m(X) = 20 GeV CMSPublic/PhysicsResultsCombined/
8TeV, 19.6fb" (displaced leptons) exo-limits LL Moriond 2016.png

H— XX (10%), X — uu, m(H) = 125 GeV, m(X) = 20 GeV
8 TeV, 205 fb "' (displaced leptons)

GMSB SPS8, 7. — Gy, m@) = 250 GeV
8 TeV, 19.7 fb" (disp. photon conv.)

GMSB SPS8, %, — Gy, m(%) = 250 GeV
8 TeV, 19.1 fb”" (disp. photon timing)

RPV SUSY, m(@) = 1000 GeV, m() = 150 GeV
8 TeV, 1851fb "' (displaced dijets)

RPV SUSY, m(g) = 1000 GeV, m(%.) = 500 GeV
8 TeV, 185 fb” (displaced dijets)

AMSB ¥, % =%, + =, m(%) = 200 GeV
8 TeV, 19.5fb" (disappearing tracks)

cloud model R-hadron, m(g) = 1000 GeV
8 TeV, 18.6fb" (stopped particle)

AMSB %, tan(p) = 5, u >0, m(3) = 800 GeV
8 TeV, 18.8fb" (tracker + TOF)

AMSB ¥ , tan(p) = 5, u>0, m(i;) = 200 GeV
8 TeV, 18.8fb" (tracker + TOF)
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https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsCombined/exo-limits_LL_Moriond_2016.png
https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsCombined/exo-limits_LL_Moriond_2016.png
https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsCombined/exo-limits_LL_Moriond_2016.png

| ong Lived Summaries

ATLAS Long-lived Particle Searches™ - 95% CL Exclusion

Status: March 2019

ATLAS Preliminary

[Ldt=(3.4-36.1)fb7! Vs=8,13TeV

Model Signature  [£dt[ib) Lifetime limit Reference
oy t? S anfonher e iminpt . X‘: |||,;.,.,- TTTTYY T T M | T T r— ;'(.I;: ;;'uv. ,,,(:«;)2', o';;v' Y P
GGM 2 - 2& displaced vix + jets 203 | x lifetime - eaomm m{E)= 1.1 ToV, m(y})=1.0TeV 1504.05162
GGM? —+ ZG displaced dimuon 329 x‘,’ lifotime 0.029-18.0 m m(E)= 1.1 ToV, m(y})= 1.0 ToV 1808.03057
GMSB non-pointing or delayed y 203 | ] lifetime _ SPSB with A= 200 TeV 1409.5542
AMSB pp — yirl.xjx;  disappearingtrack 203 |7 lifetime . 02230m m{x})= 450 GoV 13103675
AMSB pp — yixJ v y;  disappearing track 36.1 | x7 lifetime 0.057-1.53 m m(x})= 450 GeV 1712.02118
AMSB pp — yixi.xjy;  largepixeldEidx 184 |} liletime . 13190m m{r})= 450 GeV 1506.05332
Stealth SUSY 2IDMSvertices 195 | § lfetime D oeoEs a0 Gev 1504.03634
Split SUSY large pixel dE/dx 36.1 | & Wetime >09m m(Z)=1.8TeV, m(y})= 100 GeV 1808.04095
Split SUSY displaced vix + EP™* 328 | g lifetime 0.03-13.2m m(Z)= 1.8 TeV, m(y])= 100 GeV 1710.04901
Spiit SUSY 0¢,2-6jpts +EM 351 | § lifetime 0.0-21m m(Z)= 1.8 TeV, m(yJ)= 100 GeV | ATLAS-CONF-2018-003
H-ss low-EMF trk-less jets, MS vtx 36.1 | s lifetime 0.181200m m(s)- 25GeV 1902.03094
FRVZ H — 2y¢ + X 2 e u-jets 203  |NSES o3 mm m{ya)= 400 MoV 1511.05542
FRVZH — 2y4 + X 2 e-, u-, n-jets 34 | yalifetime 0.022-1.113m my4)= 400 MaV ATLAS-CONF-2016-042
FRVZH — 4yg + X 2 e—, u—, n—jets 34 | yalitetime 0.038-1.63 m m(yq)= 400 MeV ATLAS-CONF-2016-042
H = ZsZ4 displaced dimuon 329 | Z4 liletime 0.009-24.0m m(Z4)= 40 GeV 1808.03057
H— ZZ4 2 e, i + low-EMF trackless je136.1 24 lifetime 0.22-53m m{(Z4)= 10 GeV 1811.02542
VH with H — 55 — bbbb  1-2( + multibjets 361 |slilefime 0-3mm B(H — s5)= 1, m(s)= 60 GeV 1806.07355
®(200GeV) —»ss  low-EMF trk-less jets, MSvix 36,1 | s lifotime 0.41-515m « x B=1pb, m(s)= 50 GeV 1902.03094
®(600 GeV) — ss low-EMF trk-less jets, MS vix 36.1 | s lifetime 0.04-21.5m o x 8=1pb, m(s)= 50 GeV 1902.03094
&1 TeV) = ss low-EMF trk-less jets, MS vix 36,1 s lifetime 006524 m o« x 8= 1pb, m(s)= 150 GeV| 1902.03094
HV Z'(1 TeV) — avq, 2 1D/MS vertices 203 | slifetime o x B 1 pb, m(s)~ 50 GeV 1504.03634
HV Z'(2 TeV) - q,a, 2 1D/MS vertices 203 | sliletime ! oxB=1 vlh m(s)= 50 GeV 1504.03634
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Exploring the Higgs Sector
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Heavy H/A->ttbar

CMS Preliminary ~ 35.9 fo~! (13 TeV) CMS Preliminary ~ 35.9 fb~! (13 TeV)
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MUON SYSTEMS e BARREL CALORIMETERS
- New DT/CSC BE/FE electronics ... - New BE/FE electronics
- GEM/RPC coverage in 1.5<|n| B - ECAL: lower temperature
<2.4 - HCAL: partially new scintillator

- Muon-tagging in 2.4|n|<3.0 V o

C5New MIP M e\ " S ENDCAP CALORIMETERS
S T R e e ~ ~ N\ \ ~ . - high granularity calorimeter
i /A o ¥ - Radiation tolerant scintillator
/- 3D capability and timing

y '1 \ il i
\ .I /
2t ! ]
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= Location: just outside the tracker

TRACKER
- radiation tolerant, high
granularity, low material
budget

- coverage up to |n|[=3.8
- track trigger at 1

TRIGGER & DAQ
- Track-trigger @L1
|- L1 rate ~750kHz

~ |- HLT output ~7.5kHz

(* slide stolen from P. Azzi)
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/Trigger and DAQ

LO (Calo+u): 1 MHz
L1 (Calo+u+ltk): 400 kHz
HLT: 10 kHz

Calorimeters b
 New readout electronics compatible

with LO 1 MHz rate
« High granularity timing detector

(under discussion)

Preliminary design

cover
Off detector

4x Si layers

HGTD
@z~3500mn

All-silicon tracking detector
5 pixel+4 strip layers to |n|<4

N

(* slide stolen from P. Azzi)




Exploiting the Top Factory

ATLAS+CMS Preliminary
LHCtopWG

---------- World comb. (Mar 2014) [2]
B stat

total uncertainty

My SUMMary, s = 7-13 TeV. November 2018

i | P |l ]
|

I 1 N 1
total stat

m,, * total (stat £ syst) ¥s  Ref.
LHC comb. (Sep 2013) LHCtopwaG 173.29 £ 0.95 (0.35 = 0.88) 7 TeV (1]
World comb. (Mar 2014) 173.34 £ 0.76 (0.36 = 0.67) 1.96-7 TeV [2]
ATLAS, l+jets 172.33+ 1.27 (0.75+ 1.02) 7 TeV (3]
ATLAS, dilepton 173.79 £ 1.41 (0.54 = 1.30) 7 TeV (3]
ATLAS, all jets 175.1£1.8(1.4£1.2) 7 TeV (4]
ATLAS, single top 1722+£21(0.7£2.0) 8 TeV [5)
ATLAS, dilepton 172.99 £ 0.85 (0.41£ 0.74) 8 TeV (6]
ATLAS, all jets 173.72£1.15(0.55 £ 1.01) 8 TeV (7]
ATLAS, l+jets 172.08 £ 0.91 (0.39+ 0.82) 8 TeV (8]
ATLAS comb. (Oct 2018) 172.69 £ 0.48 (0.25 = 0.41) 7+8 TeV (8]
CMS, l+jets 173.49 £ 1.06 (0.43 = 0.97) 7 TeV (9]
CMS, dilepton 172,50+ 1.52 (0.43 = 1.46) 7 TeV [10)
CMS, all jets 173.49 = 1.41 (0.69  1.23) 7 TeV [11]
CMS, l+jets 172.35+ 0.51 (0.16 = 0.48) 8 TeV [12)
CMS, dilepton 172.82+£1.23 (0.19 £ 1.22) 8 TeV [12]
CMS, all jets 172.32+ 0.64 (0.25+ 0.59) 8 TeV [12]
CMS, single top 172.95+ 1.22 (0.77 = 0.95) 8 TeV [13)
CMS comb. (Sep 2015) 172.44 £ 0.48 (0.13 £ 0.47) 7+8 TeV [12)
CMS, l+jets 172.25+0.63 (0.08 £ 0.62) 13 TeV [14]
CMS, dilepton 172.33+0.70 (0.14 £ 0.69) 13 TeV [15)
CMS, all jets . 172.34£0.79 (0.20 = 0.76) 23 TeV [16)
[1] ATLAS-CONF-2013-102 7] JHEP 09 |2017) 118 [13] EPJC 77 12017) 354
400.4427 72 [14] arXiv-1805.01428
4] Eur Prye.1.C75 (2015, 158 116] OMS PAS TOP17-008
[ | L1 1 | L | | I | [ | [
165 170 175 180 185
Myop [GEV]
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FCC
https://fcc-cdr.web.cern.ch/



https://fcc-cdr.web.cern.ch/

eThe HE-LHC will extend the HL-LHC reach in direct searches for new particles,
approximately doubling the reach in mass —> high impact on BSM Higgs studies

eIn terms of SM Higgs, it will enhance statistically limited processes and enable the
access to very large transverse momenta.

’2.\ 16y T T L T o
< 14 - HL-LHC/HE-LHC E
o N HL-LHC combined 7]
- ~ Vs=14TeV,3ab’ .
1.15 —— current bounds 12__ — HSE-LHC (?ombir?ed ]
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—— HE-LHC S1 10—_ ] 3
1.05— _ —— HE-LHC 52 R I Y A 1°°
8~ ~
100 [ 'I'iFIIIE[IIEE """ Eﬁi _ I n ]
0.95— 1 1 fit 6:— _:
kit by J. De Blas et al 1 W S =P
0.90 - - using CMS/ATLAS - -
0.85 , , . , . . . projections o[- —
Ky K¢ Kp Kt Ku Ky Kg L N B 410
- C 1 1 1 | 111 1 | 111 1 | 1111 | 111 1 | 1111 | 1 11 I_
O—1 0 1 2 3 4 5 6 7 8
K
e As an hyphotesis, assuming an additional factor of  Once again, special focus on HH reach:
. . . 1ol o 0,
1/2 reduction of theoretical uncertainties plus the precision of 10% to 20% on kx could be
inCreaSe in Cross Section y|e|ds Clear aCh|eved from JUSt the Comb|nat|0n Of the two
improvements in the global fit results main decay modes (bbtautau and
bbgammagamma)

Higgs: HE-LHC?
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MSSM Higgs @ HL

Update of the
traditional MSSM
scenarios:
comparison of
direct Htautau
limits and indirect
constraints from
the couplings
extrapolations

tan 3

+lo
+20

50

H/A — 777~ expected exclusion (95% C.L.)
= C1 ATLAS3ab ' ®CMS3ab~! = - ATLAS 36.1 fb~! [JHEP 01(2018)055]
~ - CMS 35.9 fb~! [JHEP 09(2018)007]

h(125) rates
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