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Brief outline

> Jet vetoes in (B)SM studies at the LHC
» Motivating a dynamic veto for BSM studies
» Right-handed smuons at the LHC
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Jet vetoes in (B)SM studies at the LHC

In studies of uncolored physics at hadron colliders it is often very
useful to veto hadronic activity from the primary IP in order to
distinguish the process of interest from e.g. a huge QCD
background.

While straightforward at the analysis-level, there are several
subtleties involved which make this a rich field to study on the
theory side.
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Jet vetoes in (B)SM studies at the LHC

Cross sections which are exclusive in additional QCD radiation

above a scale p¥*© at hadron colliders are sensitive to Sudakov

corrections of the form:

veto
agiog” (P27 W

where m < 2n and @ is the hard scale of the process.

= If Q > p¥°'°, these terms can be significant and need to be
resummed for accurate predictions and to avoid large scale
uncertainties.
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Jet vetoes in (B)SM studies at the LHC

Can be vetoed

Trackers

n maybe be vetoed

Calos

Lo No detector
4

Experimentally it is difficult to distinguish jets from the primary IP
from pileup outside of the trackers = jet veto often only applied
within |n] < 2.5
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Jet vetoes in (B)SM studies at the LHC

This leads to additional corrections O(Qe ™"t /p¥*) which again
can spoil the perturbative expansion:
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Taken from Michel, Pietrulewicz, Tackmann (1810.12911).
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Jet vetoes in (B)SM studies at the LHC

The fundamental problem here is the appearance of a large
hierarchy of scales @ > p¥°*® between the hard process and the
relatively soft jets which need to be vetoed in order to control
background processes.

The problem gets particularly bad for searches for heavy new
physics where @ can reach the TeV-range: not only is it necessary
to resum in order to control the perturbative uncertainty, but the
size of the correction is numerically significant and reduces the
signal efficiency ("heavier particles generate more radiation”).
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Jet vetoes in (B)SM studies at the LHC

1.2
Od
zS 1
(o)
-~ 0.8
3
Z 06 :
S 0.4f 1
E]b I /7/300 GeV ]
0.2
- pp—> WS*SM 137 TeV E
% 50 150 200

p¥eto [GEV]

Taken from Fuks, Ruiz (1701.05263).
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Jet vetoes in (B)SM studies at the LHC

Taking a search for heavy neutrinos as a benchmark:
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Jet vetoes in (B)SM studies at the LHC

Taking a search for heavy neutrinos as a benchmark:
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Motivating a dynamic veto for BSM studies

An elegant and simple way to alleviate these problems is to
promote p¥°*° to a dynamic variable which is chosen such that

veto
Q ~ p¥*® in order to make log (pTQ ) < Lt
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Motivating a dynamic veto for BSM studies

Setting py**® = my /2 drastically improves the situation (it is a
"safe jet veto"):
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Motivating a dynamic veto for BSM studies
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Motivating a dynamic veto for BSM studies
In terms of backgrounds, the most important one to control is

often tt + X production. Looking at the characteristic pr in a
leptonic top decay at rest,

> p% o~ mi(l+ m?,/m?)/4 ~ 50 — 55 GeV
> pb o~ my(1—m?,/m?)/2 ~ 65— 70 GeV

= Tying the jet veto scale to a lepton p1 will still kill most of the
top pair backgrounds.

For even better results, could apply veto on Hy ~ 2p?r rather than
the leading jet pt7?

Karl Nordstrém / RPP January, 2019 13 /21



Motivating a dynamic veto for BSM studies

Using p¥eto = pz-li in a realistic study shows a significant

improvement at large my thanks to higher signal efficiency while
retaining control of the backgrounds (from 1805.09335):
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Right-handed smuons at the LHC

Restricting the measures of hadronic and leptonic transverse
activity to exclusive observables is not necessary. We will study
Drell-Yan production of right-handed smuons as a benchmark
scenario with several permutations of dynamic veto:

Hadronic activity:
> pt
> Ht
Leptonic activity:
¢
> p7l
‘
[ 2 p7?
> St
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Right-handed smuons at the LHC

We reproduce the recent CMS search CMS-SUS-17-009 with our
own background predictions, validated against the results of CMS,
as a benchmark analysis using a fixed jet veto:

Analysis Object Criteria at /s = 14 TeV:
P [ORRVESET) (10) [20] {25} GeV,
104 ne W [l i} < 2.4, anti-ky w/R=1
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Benchmark (Static) Jet Veto Analysis Requirements:
P 5 50 (20) Gev,  pYete =25 GeV

Constraint on pss at 95% C.L.

Dynamic Jet Veto Analysis Requirements:

Overlapping Signal Categories:
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Right-handed smuons at the
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my, [GeV]

Right-handed smuons at the LHC

L=35.9fb"! @14 Tev
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Ratio of constraints uss, cus/Uss at 95% C.L.
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Right-handed smuons at the LHC

L=359fb"l @14 Tev

A
S
G

Ratio of constraints uss, cus/Uss at 95% C.L.

mg, [GeV]

P < pf?

Karl Nordstrém / RPP January, 2019

my, [GeV]

[=359f0' @14 Tev
Hr <pf

mg, [GeV]

HT<pe-,g

19 /21

Ratio of constraints pss, cus/iss at 95% C.L.



my, [GeV]

Right-handed smuons at the LHC
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Ratio of constraints uss, cus/Uss at 95% C.L.
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Conclusions

> Jet vetoes are highly useful but require resummed calculations
for accurate predictions

» Dynamically relating the veto scale to the hard process is a
promising avenue to reduce the theoretical complexity of the
veto

» Backgrounds are under good control for reasonable choices of
dynamic veto

» Using inclusive observables when designing the dynamic veto
is possible

» Significant improvements in sensitivity can be achieved for
realistic slepton searches
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