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Mono-jet event from ATLAS (credit: CERN courier)
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why LHCDb
iIntroduction to dark photon

dark photon search from meson decay
( PRD 2015, P. llten, J. Thaler, M. Williams, WX )

dark photon search from inclusive di-muon
(1603.08926 P. llten, Y. Soreq, J. Thaler, M. Williams, WX)

conclusion



Why LHCb 1)

* no pile-up
e good vertexing :VELO detector (10 pm)

* good invariant mass resolution
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Why LHCb 2)

* Run 3 triggerless readout:
removing the first-level hardware trigger
realtime calibration

no hardware limited
only disk space limitation

triggerless readout opens new possibilities for particle
physics search in Run3

we should test it right now!



Dark Photons

* U(1) dark photon can kinetically mix with photon

Standard Model matter fields, dark matter
Higgs & & dark force
g,W,Z, y
Lol v
5 FWF
e effective Lagrangian
L=" %FJVF’“” + %mi/ALA'“ +'eA Jpu

» focusing : mass range of ma (€ MeV - 10 GeV)
e~ 103, 106
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LHCb searches
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Very Promising Channel:
Charm Meson

e decay to photon ( dark photon )

Large Branching ratio
(phase space suppression of D*° = D° n1°)

clean decay modes

e MeV decay width
well reconstructed , to reduce backgrounds

D*(2007)° 1(JPy = 3a7)

I, J, P need conbrmation.

Massm = 2006.96 + 0.10 MeV
Mp.«0 — Mpo = 142.12 + 0.07 MeV
Full width T < 2.1 MeV, CL = 90%

5*(2007)0 modes are charge conjugates of modes below.

D*(2007)0 DECAY MODES Fraction (I';/T) p (MeV/c)
DO 70 (61.94+2.9) % 43
DO~ (38.1£2.9) % 137

o e
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D*0 Production

e How many D% in LHCb Run3 (15 fb-1)?
~5 x101?  ( pythia simulation)

e How many moin NA48/2 ? ~1010 193
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Comparison to Other Experiments
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* why this region is hard?
production rate Is low

$! %" ! %

1 LI

0.005 0.01 0.0 005 0.1 Ol.2 0.5 1 2 5 10 20
mea [GeV]

50




iNclusive dimuon search

* dark photon mix with photon and also vector mesons

* Background from EM process

‘Ll+
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Background and Signal Rate

 amplitude generating dark photon
iMx oy =ice(Y | Tl | Xe(k),

* amplitude generating off-shell photon

— iA2n p! !
IM yo yue =ie™"Y|JE, X #(k1+ k2)21915(k1)$ v(Kz)
e ratio ( form factor are cancelled )
4
d#pps XA '$ xp ¢ My

.. 2 v 2 \2 1L "2 2
dfpps x 1#8 Xy * (ME " Mz )%+ Ama.
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LHCDb pu prompt

HPS
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Possible improvement
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Conclusion
VELO

Triggerless readout

dark photon search at LHCb

DO* > DO + y and inclusive search

prompt search and displaced search

the (di-muon) data-drive method can be apply to
other experiments

LHCb search for new physics

20
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Introduction

LHCb Trigger [JINST 8 (2013) P04022]
L.O HLT1 HLT?2

p: pr > 4.8(1) GeV
0.7(5) kHz

pw: pr > 1.5 GeV
340 kHz

p: pt > 10(4.8) GeV

pp: m > 2.7(1)GeV
1.2(1.3) kHz

[T TE /p,lTp,2I, > 1.3 GeV

75 kHz

1 MHz 50 kHz
h: Ep > 3.5 GeV track: pp > 1.7 GeV
displaced vertex
405 kHz — 33 kHz —_—
e: Ep > 2.5 GeV
160 kHz
v: ET > 2.5 GeV
80 kHz

[ « movable LO thresholds and
M

pp: m > 4.8(3) GeV

inclusive topological

e: pr > 10 GeV
beauty BBDT

inclusive and

exclusive charm

software HLU'T

» low pr leptons/photons and
Hz tracks (IP > 0.1 mm) 5 kHz
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VELO

(vertex locator)

Interaction point

p—> —

22 mm
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transverse
distance



VELO

(vertex locator)

Interaction point A’ Invariant mass
—_—_———p t—
g prompt P

6 mMm
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transverse
distance

events




VELO
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VELO

(vertex locator)

Interaction point
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Resonant Search

10°
. 0 |
* Displaced D® and Prompt A 1000l ’
. g 1o
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10"4_1 . | |'23 - T - | - ™
* How do we know et*e” from DO* N g e
10 °h '
decay? -. . :
reconstruct e+ e DO to DO* g 7l :
$ 50 MeV < AmII’DeCO $ AmD < 20 MeV 10"7:“ LHCD: reSOI’]an},’ i
. . | Toggel | TTmmmmmmmmmmentT __
e |nvariant mass constraint |
DY et e inv mass = m(D") 10°% —-
the decay width of DO* ~ MeV 10/1] __
matters here B
10 11—

20 40 60 80 100 120 140
ma: [MeV]
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Displaced Search

In addition to D° giving a DO at
displaced decay, A’ can give Z )
displaced decay Do
- p ® P
good vertex resolution
~ 10 HIm 10, | . . .
i (g— e (g—2)u>5" _*
. 107} ;
small e+e- opening angle L :
~ 3 mrad ot Il X
1071 ' \ LHCDb: resona'nt' )
Large boost factor 108l _
- O e, pre-moduld
,~16cm (- © 107k S,
o (55) (5 ) () N\ postmociia
Tl S
nearly background free f
107!

20 40 60 80 100 120 140
my [MeV]
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Displaced Search

In addition to DO giving a DO at
displaced decay, A’ can give A .
. e
displaced decay Do
good vertex resolution P P
~ 10 HIm 107 . . . .
T: (g— e (g—2)u>5" _*
. 107} '
small e+e- opening angle ] . :
62 '
~ 3 mrad 10°8 o Il \
107:‘~ LHCDb: resona'nt' ]
Large boost factor opening 1§} d?d
- : ISp ace
te=tsen () (M) (500) angle ol \ 0%, ot Q*m kinetic
102 €2 mar 3 post- module
10-10L ) —
nearly background free | ¥
wul__ ., ., stat
20 40 60 80 100 120 140
my [MeV]
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* dark matter energy density ~25%

Temperature fluctuations [ ¢ K?]

Dark Matter

Multipole moment, ¢

1500 2000

2500

/\
f \
|

A

-

e 1
\ VAVA
920" 18 o 02° 0.1° &

Angular scale

27

0.07°

llllllllllllllIIlllll]llI][][

SNe: Knop et al. (2003)
CMB: Spergel et al. (2003) -

Clusters: Allen et al. (2002)

No Big Bang

Supernovae
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Intensity Frontier vs Energy Frontier

* L HC good at energy frontier
it Is searching for new particles with m~ TeV,

coupling about SM size

e hard for a <106, m~ GeV

o After Run 3, L

C will reach the intensity frontier

* dark photon is a promising example

28



Events per 10 MeV
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Measured Di-muon Spectrum

2011 Run,L=1.11b" | 4
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Dark Photon Production in collider

Whenever a photon is produced, a dark
photon can also be produced, but with
different coupling and mass

A. Bremsstrahlung

B. Drell-Yan like ;

C. Meson decay
(T[O Y et e_)
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Data driven method

e the continuous dimuon spectrum that LHC have is the
background.

* per mass bin

S AT mA 31 m 4 €’

~ € —

BEM 8FA’O-mMM - 8 Om,,, O‘EM(@ + R,u)

O¢+e— —hadrons

number of leptons with
mass below mag

Octe——putpu—
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Displaced search Backgrounad

* pre-module :
DO0*— DO e+ -, DO*—=DO 110 (yet+e)
due to a hard electron scatter in material.
method to remove: A’ vertex occurring in the proper decay
plane

e post-module:
DO*—=DOy, gamma covert to e+e- by interacting with the
detector material.
method to remove: vertex of e+e- will not consistent with any
detector material
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Comparison to Other Experiments

« HPS ( Heavy Photon Search ) @ Jefferson Lab
HPS has a state-of-the-art tracking and vertax detector
but

fixed target: pushing A’ flight direction into detection
10 40—

LHCb access to smaller opening angles 13
10 ok

LHCb Larger Lorentz boosts ( 3 times ) -]

[QV

10 8f
10 oL

10 0}

10l
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Why LHCb 1)

* No pile-up
e good vertexing :VELO detector (10 pm)

* good invariant mass resolution

R sensors _ 1m

& Sensors

cross section at y=0 <«
o

It
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stations view of c=53cm
most upstream
VELO station

VELO fully closed
(stable beam)
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iNclusive dimuon search

* dark photon mix with photon and also vector mesons

* Background from EM process
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