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Competition and Complementarity

(Caveat: generic statements, impact 1s analysis dependent)

opp (nb) ~150,000 ~1
[Ldt (fb™1) by ~2027 ~25 ~50,000
Background level High Low
Typical efficiency Low High
Initial state Not well known Well known

Mass reach High Low

T physics capability Limited Excellent
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LLLP searches at LHCb

A. Soffer, LHC LLP Workshop, May 2019



LHCDb searchesin B » KMy (- utu™)

PRL 115 (2015) 161802, PRD 95 (2017) 071101 (R)
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 Search for peak in m(u*u™)

* Limitson Br(BY > Kt y(-» u*t u=))

ts on inflaton y, JHEP 05 (2010) 10
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LHCb Search 1n ‘u _|_ J ets EPIC (2017) 77:224

7&8TeV,3 fb~1

various neutralino production modes:
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Has this be compared with, e.g., ATLAS (PRD 92 (2015) 072004)?
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Candidates / (2 GeV/c?)

Candidates / (2 GeV/c?)

LHCb search for displaced dijet

""""""""" b EPJC (2017) 77:812,7 & 8 TeV, 2 fb~1
H T b | Typically, 1 hidden-valley m, in LHCb acceptance.
T T T T T, b
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b
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LHCb search for displaced dark photon

LLP yp with vector portal only is difficult for colliders: PRL 120, 061801 (2018)
€ € U — —_— 8
W = [ LHCDb 7
Y Yp Y u 3 6
F 5
Fit the data in - 4 Xpr
m(utu™), decay time, fit y? (3 DoF). — b ii.n ’
Fr T 2
C . {
Example fit in one y? bin: T e T
l m(utur) [MeV]
4 6 90% CL upper limit on n, '[ / ncx [m (A",
< < 10— —3 10
— ' XDF — 3 - First limit E LHCbH - long hved excluded o
irst limits |
£ | LHCb , E R s
10F in this region: s
g | | i
| mm Ca 0 T 107 ‘ >
't ;
. et e —2
c 2
250 300 350 (1)

—10 PR
m(u*yr) [MeV] 10 250 300
A. Soffer, LHC LLP Workshop, May 2019 m(A") [MeV] 9



e™ e~ B-factory results before Belle 11:
BABAR & Belle



BABAR LLP SearCh Z;%f:)lj’ 171801 (2015)

* Production-model independent analysis

o Justassume LLP = 2 tracks T 'QA' — T
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BABAR dark-photon/Higgs search

PRL 119 (2017) 131804
* Requireonly 1 y
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Belle search for heavy neutral lepton (HNL)

PRD 87, 071102 (2013)
772%10° BB events

/

W* from B » D™y

Require prompt lepton and €7 disp. vtx.
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Belle search for heavy neutral lepton (HNL)

PRD 87, 071102 (2013)
772%10° BB events

/

% (*)
W* from B -» D) $v ATLAS 1905.09787 from last Friday,

Require prompt lepton and €7 disp. vtx. v, -mixing HNL from on-shell W decays
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https://arxiv.org/abs/1905.09787

Belle II status
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Moore’s law of collider luminosity

Peak luminosity (cm'zs'1 )
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40-fold increase in luminosity wrt. Belle

Beams at KEKB (Belle) Nanobeams at SuperKEKB (Belle II)
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2019 machine performance

Integrated Luminosity (/pb)
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2018 detector performance

/
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Events / bin width [c2/GeV]
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Some studies of LLPs at Belle 11

See also Belle II Physics Book, 1808.10567

A. Soffer, LHC LLP Workshop, May 2019
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http://arxiv.org/abs/arXiv:1808.10567

Magnetic monopoles

Most searches focus on high-charge monopoles.

g = 0(e) range not well constrained.

Low dE /dx > fewer hits = low tracking efficiency
(no 1/B? factor)

Projected sensitivity with early phase-3 data (20 fb™1)

Phvs. Rev. D 35. 1081(R)
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Axion-like particle (ALP)

JHEP 1712 (2017) 094 10"
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HNL that mixes predominantly with v,

Dib, Helo, Nayak, Neill, AS, Zamora-Saa, in preparation

X{ = prompt n¥(z%/mtn™) Enough constraints to obtain HNL
X, = displaced u*u~ mass with 2-fold ambiguity
(smeared b/c of detector resolution)
*
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Points for discussion / personal thoughts

 LHCb and Belle II (will) have unique LLP sensitivities

 LHCDb has probed:
— a LL dark y in the difficult, vector-portal-only scenario
— muonic decays of LLPs from B-meson decays
 ATLAS & CMS can probably compete (given success with By = uu)
— Higgs - LLP decays, exploiting soft-trigger capability
 ATLAS & CMS compete with VH/VBF, and ggF + dedicated triggers
— EW-scale SUSY scenarios
» comparison to ATLAS/CMS not clear to me (but probably known at LHCDb)
* Belle II has best sensitivity in:
— mono-photon scenarios
— LLPs related to the 7 lepton
— (probably) non-muonic decays of LLPs from B /D-meson decays

 Additional ideas sure to arise

* E.g., see talks at previous LLP workshops
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