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- HL-LHC
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Expected High Luminosity conditions
-

centre of mass energy 14 TeV

2 -1

instantaneous luminosity up to 7.5 x 1034 cm™ s

maximal bunch crossing rate of 40 MHz

O O O 0O

number of proton-proton interactions per bunch crossing ¢ = 200

Scoping Document (https://cds.cern.ch/record /2055248, 2015) analyses
physics capabilities for upgraded ATLAS layout (see next slide).

Analyses described here do not include full upgrades in the Tracker, such
as an Inner Tracker coverage extended to 4.0 units of rapidity.

Most of analyses analyses used an older estimation U = 140



Forseen upgrades of ATLAS

Trigger and Data Acquisition

Two-Level hardware trigger with LO up to TMHz and L1up to 400 KHz
High-Level Trigger with 10 kHz output (permanently recorded data)
“Custom hardware” triggers for data streaming at rates 1-40 MHz
New Inner Tracker, Calorimeters and Muon Triggers

Inner Tracker

Completely new, all-silicon tracker
Extending Pixel Detectorto | I |< 4
Calorimeters

¢ 0O & & [ & ¢ ¢ o []

LAr forward electromagnetic calorimeter replaced with high-granularity

¢+ High Granularity Timing Detector installed in front of LAr Cal end-caps,
24<|n| <43

¢ Readout electronics of LAr and Tile Calorimeters replaced

0 Muon Spectrometer ol %

NSW in the end-ca
¢ Addition of RPCs in the barrel, | N | <1 \qu Phase 1




Physics motivation for HL-LHC

-
0 Understanding EWSB

¢ ultimate test if Higgs is responsible for SM EWSB is the
measurement of its potential (self-coupling A .,)

¢ testing vector-boson scattering probes composite nature
of the Higgs

¢ precise measurements of Yukawa couplings
01 Direct searches for BSM Physics coupling to Higgs
¢ deviations in couplings to SM particles

¢ Heavy Scalars
¢ SUSY



- SM Higgs couplings

h=2> YY all production modes

h 2 ZZ*—> 4] all production modes
h2>WW*2lV 1V 0-, 1-, 2-jet final states
h—=> Z7 inclusive

h—>bb in Wh and Zh production
h=2>T T VBF production

h—-> U U inclusive and in tth production



Higgs couplings framework
-

1 In zero-width approximation oc-B(i—>H— f)= oi Iy
'y

0 K parameters correspond to LO degrees of freedom:

O (ii=>h) and I; (h—2ii) scale with £ .2 compared to the SM

prediction s o
o-B(gg — H —vyy) _ KKy

osm(gg = H)-BsmH - vy) &

o To not use total width Iy, some parametrizations measure
ratios A .= K,/ K.

0 minimal coupling fit assumes common coupling for all bosons,
K\, and for all fermions, K ..

7 uncertainties will be given with and w/o theory uncertainties



Uncertainties; 300 fb' vs 3000 fb-!
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Testing Yukawa interactions
I
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“ BSM Physics in Higgs Couplings

h — vy inclusive & all production modes
h— ZZx — 4l all production modes

h— WWsx — lvlv 0-, 1-, 2-jet final states

h— Z(— 1)y inclusive and in VBF production
h — 71T VBF production

h — pp inclusive and in tth production

h — bb in Wh and Zh production



Minimal Composite Higgs Model
S

0 Higgs is a composite pseudo-Nambu-Goldstone boson.

1 Non-SM couplings to bosons and fermions:

KV:Kf:‘/]'_é- Ry = ].—6 h:f:l]__—Qi'

In MCHM4 In MCHM5

0 & =v?/F?, compositeness scale F, and VEV v

[E =0 is the SM

no contributions
from new heavy

resonances




Limits on Higgs compositeness scale
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- Higgs Pair Production

gg — hh — bbyy limits on A,
gg — hh — bbrT limits on A hhh
gg — hh — bbbb resonant search for G*



Higgs pair production in the SM
T

IV 0=Q 14Tev”°=Q/2 __________ 1 The dominant production at the
R } l } : LHC is gluon fusion
i [
. o I ' q O (hh)NNLOFNNLL= 45 34 fb
. L) [)
- 01 cross-sections of other production
N modes ~30 times smaller (not yet
| | ¢ : investigated)
®
0} ¢ 1 | 0 6% scale, 2% PDF, 2% /¢
R | 10% theory uncertainties
oL mht axt 1 oL wN a NN o All analyses used old calculation
10 % — = s with U(hh): 40.8 fb

i 1 LO differential distributions used
Old CCI|CU|C11'IOI’] new quculqﬁon



Observation of 2 Higgses or measurement of A, 2

h 7
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hh — bby~y

- ATLAS Simulation Preliminary 3 o5 ATLAS Simulation Preliminary
205 \s=14 TeV, 3000 fo" ] - \s=14 TeV, 3000 fb™' -
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hh — bbrT

2

with different triggers and slightly different event selections

0 track confirmation used to suppress pile-up

o Distributions of m_, and p;**inthe T,_, T, ,channel:

S F o = .
e N J' L dt = 3000 fo"' 11000 x HH [[lttbar_lep [ bbjj 2 10° I L dt = 3000 5] 1000 x HH [[lttbar_lep [ bbjj
S E leo Dzjets Wttbar_had [Jwjets ° - Mziets [ttbar had [wiets
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0 Limit on cross-section 4.3X 0(HH—bb 7+ 7 —) at 95% CL



Limits on A hhh

bb?7 ¥
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1 room for further improvements:
¢ b-tagging efficiency
¢ higher light jet rejection rates

assuming

no other deviations

from SM

o/ og, as afunction of A/ A,

95% CL upper limiton 6 / 6,

ATLAS Simulation Preliminary

excluded
Anhh < —45 Appn > 12

2 e Exp.95% CL \ o
- m o o 1
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Channel | Significance | Combined in channel | Total combined
e +.Jets 0.31 0.43
ptjets 0.30 0.60
Thad Thad 0.41 0.41




Resonant Higgs Pair production :::]>
19
0 If a Dark Matter scalar S couples to Higgs
e . . S has has Z, symmetry
0 Modified Higgs — S potential and VEV 0

V=—m?®'® — p28? + X (®T®)% + X285 + X309 S?

pp—>hh (Singlet Model), VS = 13 TeV

EWSB p . ta::B ::().'ﬁ.ct.?a8]-_-04:5)6.2'51,,;".".<T;;<‘2.\/'lh, I
10 E M,, = 300 GeV

h= cosady+sinas
H=—sinag,+cosas [Dawson, Lewis *

do/dM,, (pb/GeV)




Resonant search for Graviton with hh — bBbB
20§
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- Supersymmetry

X* X% 2 | bb + Emiss



Wh-mediated simplified model

of the SUSY partners of Higgs

mass eigenstates from superposition}
and electroweak gauge bosons

* R-parity conservation
= charginos and neutralinos are pair-produced
* heavy sleptons and sneutrinos

= lightest neutralino is the stable LSP

p ok N\ 0

= Charginos and neutralinos have masses ~ 100 GeV b

Xi19 WiXo2

0
on 2 hXx 2 \{ 100% branching rq’rios]




HL-LHC prospects for discovering electro-weakinos

N
1 Expected 4 =140

1 Obiject selection with minimum
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Conclusions (I/1l)

¢ & [ & o o [ O

Understanding electroweak symmetry breaking requires precise
measurements in the Higgs sector that can be done at HL-LHC.

Difficult conditions of HL-LHC require detector upgrades

Higgs couplings to bosons and fermions

uncertainties 2-3 times smaller that with 300 fb-'

largest improvements expected in VH and ttH production

precision of measurements limited by theor. uncert. of 0 (gg—2h)

Di-Higgs production
could be observed for the first time at HL-LHC

O(1) limits set on A ,,, (room for analysis optimisation)

A

improvements
since Run1 from

N3LO
\_ _/




Conclusions (11 /1I)

0 With ATLAS at HL_LHC direct searches for New Physics can be
extended further

+ Limits on Higgs compositeness scale in the range of 1 TeV
+ Sensitivity to Kaluza-Klein Graviton up to 2 TeV

¢ Sensitivity to electro-weakinos in the 800 GeV mass range

0 For all analyses theory input crucial to significantly decrease
uncertainties

Run1 results from
differential distributions
not taken into account
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ITk layout
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Higgs Pair production channels
> | T

?HH production at pp colliders at NLO in QCD
[ M,=125 GeV, MSTW2008 NLO pdf (68%cl)
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SUSY discovery potential with MVA
B

~+~0 ~0, 0~0 ~0, , ~0
PP %, WK X, —F vy, bbb,

% — 5 o discovery, Reference
?—-\ 1400 — roeeereeee 95% CL exclusion, Reference Gbkg = 300/0 )
i3 = 5 o discovery, Middle el
€ 1000 e 95% CL exclusion, Middle
B 5 o discovery, Low /,/
1000 :_ ------------ 95% CL exclusion, Low /,//
: L -1 (0\(\ ,,’/,, . .
=3000 fb < .-~ ATLAS Simulation
e 200 £
B <uU>=
| u «\/”t@ e
600 — "
200 —
F:;“;I:“ | 1 | | g | -iE=I EE | | | | | |
800 400 600 800 1000 1200 1400

m(%,, %, )[GeV]



