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Dark shower process at collider

M. Strassler and K. Zurek (06")

Light mesons with
A, high multiplicity

77@ and low momentum

Mediator

W,y < SM

Charge neutral states
Shower.mg.& may have displaced
Hadronization decays back into SM




See talk from Martino Borsato

LLP to jet jet

LHCb-PAPER-2016-065
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Our goal: covering the light dark shower regime

My, > 25GeV | —» | m,; <10GeV




Why LHCDb?

Excellent vertex resolution

Good mass measurement

No hardware trigger in the Run 3 data

Low pT cut on signals, only cut on the momentum

=> good for light mediator boosted forwardly



Displaced muon search at LHCb

We adopt cuts from the displaced A’ analysis

P. Ilten, Y. Soreq, J. Thaler, M. Williams, W. Xue, 1603.08926

n(p*) € [2,5], p(p™) > 10GeV, pr(p™) > 0.5GeV
Muon id efficiency ei ~ (.00
n(wy) € [2,5], pr(w,) > 1GeV {7 € [6mm, 22 mm|




Dominant backgrounds

Combinatorial bg: rescaling this bg from Kg — p" 1~ search gives
~ 25 events/mass bin at 15/ fb. Use this for the number of background

Fake muons: mainly from charged pions, which is suppressed by the

low pion misID rate €2 ~ 10~°
7 TeV, 1/fb, 1209.0429
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Do we understand the dark showering?




Multiplicity varies a lot between models
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A less multiplicity-dependent bound

Signal efficiency is almost proportional to v-meson multiplcity

# dark shower events (seeing 1 displaced decay into muons)

=L x0(Z") x Br(Z" = qudy) X Br(w, — pp) x (N,) X

T

Efficiency
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Bounds on mediator production
X v-meson multiplicity

LHCb 15/fb , 95% C.L.
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Pythia HV + Running, the result is quite insensitive to meson multiplcity



Different showering /hadronization

LHCb 15/fb , 95% C.L.
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Constraint on v-quark production

LHCb 15/fb , 95% C.L.
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Light twin-meson at the LHCb

Chacko, Goh, Harnik (05")

Dark showers from the exotic Higgs decay

T A 4 ]_O_ SGGV
CTyy ~ - < A
w_zocm(mOGev) ( . ) ( A ) Ma <




Exotic Higgs decay in Twin Higgs model

R LHCb 15/fb,95% CL.
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With a Z2-symm Twin yukawa

Yy = Yb f/v=4
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Displace decay into D-mesons

Consider DT — KtgTxgT DO s K 9xtr—

(9.5% Br) (8% Br)

2 reconstructed D-mesons  track pT > 0.1 GeV, sum D-meson pT >5 GeV
DV momentum > 10 GeV, 7, > 6cm

1 D-meson + 1 DV (>= 3 tracks)

2 DV (>= 3 tracks)




2 D-mesons

1 D-meson
+ 1DV

2DV

HYV decay into D-mesons
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5000

M =500GeV mg = 3GeV

LHCDb vs ATLAS/CMS
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Reconstruct 2 DV,
each muon pT > 10 GeV,
assume background free

Both ATLAS/CMS & LHCb play important roles of the search




Summary and outlook

Dark showers can produce HV mesons with high multiplicity,
low mass, soft energy, and a long decay length

LHCDb is a good place to look for low mass displaced decays

The displaced muon search at the LHCb (Run 3) will cover
interesting scenarios such as the Twin Higgs model

Can present data in a less showering/hadronization dependent way



Backup Slides



Showering /Hadronization

More reasonable showering + Lund string model:

Pythia8 + RG running in Hidden Valley module
Use the patch from Schwaller, Stolarski, and Weiler (15)

Less reasonable showering + Lund string model:
Pythia8 wihout coupling running

Quark combination model + Longitudinal phase space approx:
Assume a Possion-distributed multiplicity, uniformly distributed
meson rapidity, and Gaussian-distributed transverse momenta

See the discussion in Han, Si, Zurek, and Strassler (08’)



Bounds on cross section times multiplicity

v-quark production x avg # vector meson

LHCb 15/fb , 95% C.L.
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Pythia HV + Running, the result is quite insensitive to meson multiplcity



Let’s search for the following signal

Let’s compare the experimental constraints on a benchmark model

My, = my, =3GeV  mz = 500GeV
meson multiplicity (Nw,) =20 —40  (Ny,) = 3(N,,)

The events contain few displaced muons + MET



Trigger the signal: MET + monojet trigger

From the ATLAS displaced jets search
Can use MET trigger Pr(J1) = 110GeV  Ep 55 > 75 GeV

=> monojet + MET + displaced muons search

Submitted to: Phys. Rev. D CERN-PH-EP-2015-071
April 17, 2015

Search for long-lived, weakly interacting particles that
decay to displaced hadronic jets in proton—proton collisions
at /s = 8 TeV with the ATLAS detector

The ATLAS Collaboration



Monojet + MET + displaced muons

Motivated by the displaced jets and the di-lepton searches

e Leading jet pr > 120 GeV and EX' > 200 GeV.

o |n(jet, u¥)| < 2.5, pr(p*) > 10 GeV.

e Each pion has AR > 0.4 away from the leading jet.
e Reconstruct > 1 DVs, each with 47 € [1,30] cm.

e A 40% efficiency for reconstructing one displaced vertex.

Assume ATLAS/CMS can veto background from charged mesons

(a generous assumption, the existing search requires DV > 10 GeV)



Energy Spectrum
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Slightly harder spectrum if not including
the running of the strong coupling




Signal etficiency vs. meson multiplicity

Signal Efficiency OC Prob (1 decay inside VELO)

X Average Number of v-mesons
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