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The Higgs Potential

The SM Higgs potential is:
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V(g)
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We have a prediction for the shape
from the SM...

But other shapes of the potential
still allow for
Electroweak Symmetry Breaking

Other shapes could reveal evidence
for Electroweak Baryogenesis, or hints
to vacuum stability
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V(g)

We have a prediction for the shape
from the SM...

But other shapes of the potential
still allow for
Electroweak Symmetry Breaking

Other shapes could reveal evidence
for Electroweak Baryogenesis, or hints
to vacuum stability
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Signal distribution strongly
depends on K

Increasing K leads the ‘triangle
diagram’ to dominate:

signal peak shifts to lower mi

M. Swiatlowski (TRIUMF)

February 21,2022
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The Higgs decays instantly, to
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Higgs pairs are rare,
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-34/
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Pre-selection

My < 350 GeV My > 350 GeV

Fail BDT Fail BDT

After pre-selection, split

into high-mass and
low-mass selections

BDT trained in each region:
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-030/
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Let’s put it all together:
can we see HH?
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Combined

ATLAS Preliminary — Observec
.......... ExpeCted

Vs =13 TeV, 139 fb~1
OgoF + veF = 32.78 b
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® 4.3 57 -
® 3.1 3.1 -

10

95% CL upper limit on signal strength

Let’s put it all together:
can we see HH?

Here, show sensitivity to SM
signal: what factor larger
would the signal have to be,
for us to be sensitive!?

Individual analyses set
limits at ~4.5x SM

Together, set
limit at 3.1 x SM

M. Swiatlowski (TRIUMF)

February 21,2022


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-052

A))

Measuring the Potential ¢
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Measuring the Potential
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Signal o goes up for

extreme K;: produce
more signal

Limits also go up at
extreme K;: signal
is growing, but is
concentrated at

low 11y, same
as backgrounds

Both analyses
contribute to
combination!
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Signal o goes up for
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Significantly improved compared
to mid-Run2: —5.0 < x; < 12.0
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V(¢) = — m*p* + A’

The SM’s potential only choice that
is gauge invariant, renormalizable
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V(¢) = — m*p* + A’

The SM’s potential only choice that
is gauge invariant, renormalizable

V(d) = — m2p? + Ap* + Ch® + DB + . ..

If we want modifications like these

C and D terms: they have to
emerge from new physics
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Resonant Searches

V(¢) = — m*p* + A’
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with leading/subleading Higgs,

for 2b and 4b events
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Here, show results
from all three analyses

bbyy and bbtT have

similar resonant-
optimized searches

(bb7TT has parameterized
NN for different signal
mass points)

All three analyses
complementary:
set best limits at
different ranges
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Thank you!

More in:

ATLAS-HDBS-2018-34
ATLAS-CONF-2021-030

ATLAS-HDBS-2018-41
ATLAS-CONF-2021-052
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95% CL limits on ¢ (pp — X — HH) [fb]
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* For bbyy: photon kinematics, b-jet kinematics, bb-system
kinematics, missing energy, total energy, “top-ness”

* For bbr7: mHH, mbb, mtT, DR(b,b), DR(T,T), DPt(lep,T), MET,
DPhi(lepT, bb)...

- log(py) of the selected jet with the 2"%-highest pr,
¢ FO r bbbb: log(py) of the selected jet with the 4™-highest pr,
log(AR) between the two selected jets with the smallest AR,
log(AR) between the other two selected jets,
the average || of selected jets,
log(py) of the HH system,
AR between the two H candidates,

A¢ between the jets making up H,,

o ® N kA whDo=

A¢ between the jets making up H,,

p—
e

log(min(Xy,)), and

[E—
[E—

. the number of jets in the event with py > 40GeV and |n| < 2.5, including jets that are not selected.
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A))

From Limits, to Discovery e~

® More data

¢ Background estimation
® Jet reconstruction

® Jet triggering

® A common theme to these problems: how to use more
information

® And a common solution to many: machine learning
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Higgs
potential
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https://physics.aps.org/articles/v8/108
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