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Future LHC Goals

ESTIMATED LUMINOSITY and PILEUP (ATLAS & CMYS)
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Detector Upgrades

High pileup will be compensated by detector upgrades.

Phase-0 upgrade (2013-2014)

* ATLAS: Insertable B-layer (IBL), Level-1 topological trlgger complete muon coverage,
repairs (TRT, LAr and Tile)

 CMS: 4th muon end-cap station, complete muon coverage, new detector consolidation,
colder tracker

Phase-1 upgrade (2018-2019)

* ATLAS: Fast Track Trigger (FTK), High granularity Level-1 calorimeter trigger, new
small wheel for Level-1 muon trigger

« CMS: New Level-1 trigger system, new Si pixel detector, new photo-detector &
electronics for HCAL

Phase-2 upgrade (2023-2025)
* ATLAS: New silicon tracker & forward calorimeter & electronics, Level-1 track trigger

 CMS: New tracker with Level-1 capability, DAQ/HLT upgrade, replace end-cap &
forward calo; possibly extension of muon coverage & EM pre-shower system



Higgs Physics Goals of ATLAS and CMS

A wide Higgs physics program (e.g. Snowmass 2013 arXiv:14016081)

LHC:

“Rediscovery” of the Higgs boson in ZZ and yy channels (2015)
Early cross section measurements with ZZ and yy (2015)

The 15t measurement of ttH coupling

Searches for heavy BSM Higgs bosons

Higgs boson couplings and mass at the 10% level

Spin and CP at the 10% level
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Higgs Physics Goals of ATLAS and CMS

HL-LHC:

] Precision measurements of Higgs boson couplings with
sensitivity of 2-10%

J Precision measurement (1%) for the ratio of yy and ZZ
couplings

1 Precision CP measurements

] Rare decays and couplings (u*p and Zy with 100M Higgs
bosons)

- Provide the 1%t evidence of the Higgs boson pair production
J Extended search of BSM Higgs bosons



Cross Sections

Cross section ratios: ¢(14 TeV) / 6(8 TeV) m

gg->HH 33.86 fb
" ttH 0.6043 pb
bbH 0.5739 pb
H(VBF) 4.22 pb
H(ggF) 49.13 pb
ZH 0.9574 pb
WH 1.502 pb

0 1 2 3 4 > s =14TeV  MH=125.5 GeV

(gg->HH MH=125 GeV)



Signal Strength Uncertainties Ap/p
m-mﬂmn-mm

ATLAS [9,14] [8,13] [6,12] - [16,22] [145,147] [38,39] -

cMS  [6,12] [6,11] [7,11] [11,14] [8,14]
3000 ATLAS [4,10] [59] [4,10] - [12,19]
cMS  [4,8] [4,71 [47] [5,7] [5,8]

U =0oxBR/(oxBR),,

ATLAS [1,2]:

1. Only current statistical and experimental
systematic uncertainties

2. With theory systematic uncertainties

CMS [1,2]:

1. Theoretical uncertainties are scaled by a factor
of 1/2, systematic uncertainties are scaled by 1/ JL
2. All current systematic uncertainties

[62,62] [40,42] [17,28]
[54,57] [12,15] ;
[20,24] [20,24] [6,17]

ATLAS Simulation Preliminary
Vs = 14 TeV: |Ldt=300 b ; [Ldt=3000 b
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Higgs Boson Couplings

Snowmass 2013
arXiv:1401.6081
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Assumptions: : Composite -3 -(3-9) -9
Only one and narrow Higgs resonance.

Tensor structure of SM. Top Partner
300 ATLAS [8,13] [7,8] [7,8] [9,11] - [20,22] [13,18] [78,79] [21,23]

il
% oms  [57] [46] [46] [68] [10,13] [14,15] [68] [41,41] [23,23]
3000 ATLAS [5,9] [4,6] [4,6] [5,7] - [8,10] [10,15] [29,30] [8,11]
fb1

cMs  [2,5] [2,5] [24] [35] [47] [710]  [25] [10,12] [8,8]



Higgs Boson Coupling Ratios

CMS Projection

Expected uncertainties on
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Good agreement between
ATLAS and CMS.



HZZ vertex tensor structure
AX=>W)=v7[gMls s, +g, f, @ F @ 4 g, £ @]

HV y72%

CP-even CP-odd
SM, tree level

Analysis of mass and angular Measure of CP V|0|at|20n
distributions in the process | Ui | O;

gg'>X->ZZ->4| gi_|91|201+|92|202+|94|204



HZZ vertex tensor structure
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CP from H->t*t decay channel

L_arge branching ratio BR = 6.24%. L = (aTT T Ib 77/52') X

*Access to CP at tree level. CP-even CP-odd

*Angular distributions of decay
products are sensitive to spin | 0 y) 0 9 + ¥
correlations. T2V TV IV LTV T TV,

» CP-even, CP-odd, and mixed CP *

- o >k Kk
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Higgs Boson self-coupling

One of the top priorities of Higgs boson physics. Large background.
Ay determines the shape of the Higgs potential.  Destructive interference.

o(14 TeV), fb! | o(33 TeV), fb!

Q It’s extremely challenging.

A 34 207
U High demands on detectors. M
O Analysis should involve many channels. 0 71 414
L Combined ATLAS/CMS data py ey 16 101
Important decay modes: bbtt and bbyy. Studies are ongoing.

The double Higgs production cross section increases rapidly with energy.



Higgs boson width

New CMS result [arXiv:1405.3455]
based on the Higgs boson off-shell
production and decays

H->ZZ->4], H->ZZ->2|2v:

[, <22 MeV at the 95% CL .

CMS direct width measurement

from H->ZZ->41 [arXiv:1312.5353]:

[, <3.4 GeV at the 95% CL.

vy channel: T'; < 6.9 GeV CMS

Interference between signal and
background -> shift in peak position
[arXiv:1305.3854]

I', <880 MeV for 300 fb!
I', <160 MeV for 3000 fb
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Rare decays H->pp, H->Z y and ttH coupling

(update will be available soon)

H->u*u :  Direct probe of the H coupling to 2" generation fermions.

Can contribute to mass measurements (high resolution 1- 2% of H W Invariant mass).
Test of the ratio of 2" to 3" generation lepton couplings ( m;, */m? in SM LO).

Low branching ratio BR=2.2-10* . Very large background from Z/y
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ttH coupling plays a special role in studies of
electroweak symmetry breaking ¢ = 0.6 pb at 14 TeV.

ATLAS Simulation @ ttH

f L dt = 3000 fb” =

T
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PO— ; N — sensitive to new particles in loops
\1{ | I ‘ (only charged particles in SM)
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Flavor Changing Neutral Currents

t->cH 310 41105 15103 ~10° 10
SM: o 1F
FCNC decays are negligible. 0 EIL dt=3ab", Vs =14 TeV ATLAS Preliminary

— Expected, tight jet P, cuts

Models with the extended
Higgs sector, R-parity violating
SUSY models: BR~ 10> - 104
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BSM Higgs Bosons

Strong motivation for existence of BSM Higgs bosons.
Additional doublet -> H(CP even), A(CP odd), H*, and H-.

Region of parameters of 2HDM models expected to be excluded.
The regions show the 5¢ reach in direct searches.
The blue regions are allowed at 95% CL by coupling measurements.

TYFE 1 2ZHDM: LHC H- 277 vs, couplings, my=300 GeV TYPE 2 2HDM: LHC H-Z7Z vs. couplings, my=300 GeV/
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Snowmass 2013
arXiv:1401.6P81
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BSM Higgs Bosons
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Invisible Decays of the Higgs Boson

Direct search for the invisible decays
of H in ZH->I*I- + invisible

Lot || BR(H-invis) _

300 ATLAS [23,32]
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CMS [6,17]
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Conclusion
[ So far all measurements are consistent with the
SM expectations.

dThe deviations up to 30% are possible in some
models.

The re-start of the LHC in 2015 is a beginning of
a very rich program to clarify the nature of the
Higgs boson.

JHL-LHC is crucial for the precision Higgs boson
nhysIcs.

Mass/Width Spin/Parity
Couplings BSM Higgs Bosons
Rare decays TeV Scale
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CMS Preliminary

Individual Results

V H— bb arxiv:1310.3687
u(m =125.0 GeV) = 1.0% 0.5

H— 11 arXiv:1401.5041
u(m =125.0 GeV) = 0.78 + 0.27

H— yy HIG-13-001
n(m =125.0 GeV) = 0.78 +0.27

H— WW arXiv:1312.1129
n(m =125.6 GeV) = 0.72+0.19

H— Z7Z arXiv:1312.5353
p(mH=1 25.6 GeV)=0.93+0.27

Higgs Boson Results
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Mass Measurement
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