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Dark Matter Paradigms

(apologies to axions)

fermions

SM and DM particles are part of a . No direct SM-DM connections.

larger unified theory at the TeV scale.

physics) — but that's another talk.

Hidden Sector(s)

dark
forces?

dark
higgs?

LHCb searches for indirect evidence LHCD searches for this directly, ana

of this via quantum effects (flavor : has world-leading sensitivity In

. certain regimes. (This talk is only A’.)
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| HCb Detector

LHCDb is a forward Spectrometer (2 < n < 5)
(roughly 1-159)

JINST 3 (2008) S08005
Int.J.Mod.Phys. A 30(2015) 1530022

.MUON




Real-Time Processing (Run 2)

1 TB/s ; 40 MHz

[ FPGA-based hardware J

50 GB/s l 1 MHz

(

.

Real-time reconstruction for
all charged particles with
ot > 0.5 GeV (25k cores).

~\

8 GB/s ¢ 100 kHz

(

Data buffered on 10 PB
disk while alignment/
calibration done.

|

e

.

Full real-time reconstruction
for all particles available to
select events.

~\

J

Precision measurements benefit greatly
from using the final/best reconstruction in
the online event selection—need real-time
calibration!

Final event selection done with access to
best-quality data, removing the need (but
perhaps not the desire) to retain the ability
to re-reconstruct the data offline.

This approach provides huge benefits to
light BSM searches as well.

Heavy use of machine learning algorithms.

V.Gligorov, MW, JINST 8 (2012) PO2013.

= 5 PB/year (mix of full events & ones

where only high-level info kept)



Real-Time Processing (Run 3)

5 TB/s 40 MHz

p
Real-time reconstruction for

all charged particles with
_PT> 0.5 GeV.

~\

|

p
Data buffered on disk while
alignment/calibration done.

~\

J

\ _
(
Full real-time reconstruction

for all particles available to

select events.
\_

~\

J

Need for a hardware stage is being
removed for Run 3, while simultaneously
increasing the luminosity by a factor of 5.

Huge potential gains for low-mass
physics, including dark photons.

l—p 20 PB/year (mostly only high-level info

kept, few RAW events to be stored)



Dark Photons

SM SM



Visible A" Decays

Leverage LHCDb’s world-leading t resolution and planned move to a triggerless readout.

1077
10 l l ' “
£ -

LHCb Run 3 predictions: -

Inclusive A" =y
llten, Soreq, Thaler, MW, Xue ]
[1603.08926] -

Radiative Charm Decays

10-10 Orsay, U70 lten, Thaler, MW, Xue =~ _
[1509.06765] 5
1071 E
T=1pSs :
. Charm,Nu Cal E137 LSND
- ] I T I ] ] I T I I 1 1 il I |
10 O 005 O 01 0 02 0 05 0 1 O 2 0.5 1 2 5 10 20 50

ma [GeV]



) | HCb-PAPER-2017-038
Prompt A

Major hurdles: suppressing misidentified (non-muon) backgrounds and reducing the
event size enough to record the prompt dimuon sample. Accomplished these by moving

to real-time

Candidates / o[m(uup)]/ 2

Candidates / a[m(utu=)]/ 2

calibration in Run 2.

trigger output

10’ LHCb | Ipromf)t—likle salumf)lel |
10° V5 = 13TeV pr(p) > 1GeV,p(p) > 20 GeV
10° - phus
NG
10*
10°
10
10° 10% 10°
m(pp) [MeV]
final prompt A’ sample (isolation applied above 1.1 GeV, backgrounds determined)
10’ ' ' ' T ' ' : — 1 T ] |
10° LHCb }E:> isolation prompt-like sample j
Vs = 13TeV 5 applied i pr(p) > 1GeV,p(p) > 20 GeV 3
5 3 o | :
o prompt utp~  §
10° | B g =
3 - hh + h,MQ _::". .
10 it
Fa Y 2
107 ;.'."’f y
, A R I
10° 10* 10°
m(pp”) [MeV]



P rom pt A’ | HCb-PAPER-2017-038
1710.02867

Even though the 2016 data sample is 10x smaller than the expected one in Run 3 — and

the current trigger is only 1-2% efficient at low masses — we still roughly equal BaBar as

the best limits. Above 10 GeV, these are the most stringent limits. (N.b., these results are
consistent with our predictions after accounting for hardware trigger & luminosity.)

90% CL exclusion regions on [m(A’), ]

1073

N
W

10~

107

107° [ ] LHCD prompt-like

107’

m(A") [GeV |

N.b., the bump hunt follows MW, 1705.03587. This is a completely generic method that |
show produces valid Cls (and limits) with minimal effort/input from the analysts.
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Long-Lived A

Major hurdle: building a high-precision map of the VELO material to enable vetoing ALL
photon conversions. (Of course, this was easy using simulation for the predictions!)
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D. Dosset, P. liten, T. Latham, C. Wallace, MW (to appear very soon).
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L ong-Lived A

Developed a data-driven method to determine the p-value for the from-material
hypothesis for any vertex. Conversion-dominated data region found to be consistent with
only conversions (expect < 10 A’ signal event in this region for any mass, lifetime).

T 1 S I R | | :
S P LHCb Jae
E —— 1
0 107 = E
S - -
L - -
= 107 F Jj
: =« Dam 3
10 T
s — y conversion 3
107 =
; — (A" =1ps :
10_6'2_ v
= — 7(A") =10 psj
B [T R S T SR S T S S S S T T
10 6 4 2 0
logo[material p-value]
Good separation between conversions and signal — but much better performance

expected in the Run 3 VELO (for several reasons).
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. )
LHCD-PAPER 2017038 | on 0- | ived A Long-lived sample

t [ps]

After applying the material veto, the
sample is ~conversion free, with some
remaining backgrounds from heavy-
flavor at short lifetimes, and the low-
mass tail of KS-to-pipi double mislD at
large lifetimes and masses.

/

90% CL upper limit on n’ [m(A’),e?] / nfx/ m(A'),
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Achieve first sensitivity using a displaced-
vertex signature by performing 3-D fits in
the bump hunt.

Large regions of parameter space are
nearly accessible in this sample. (Results
are better than our predictions here.)

N.b., have a plan to greatly reduce the
backgrounds in next update.
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L HCb-PAPER-2017-038
A Results
The 2016 dimuon results are consistent with (better than) our predictions for prompt
(long-lived) dark photons. We implemented huge improvements in the 2017 triggers for

low masses (~2.5 gain for prompt, 4x looser IP cuts for displaced), so plan quick turn
around on 2017 dimuon search — then onto electrons.

90% CL exclusion regions on [m(A’), £?]

107~
107 M
107 b
dikdiuil, g
. R LHCh
10
10°° llten, Soreq;, Thaler, MW, Xue [1603.08926]
9 scaled to 2016 data sample LUMI & trigger
10™
10710 [ ] LHCB
10°11 - Previous Experiments
10_12 1 1 1 1 L1 11 I 1 1 1 1 L1

1072 107! 1 10
m(A") [GeV |

Best guess: the Run 3 dimuon predictions are quite good, assuming that the Run 3

detector performs as expected.
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Long lerm Plans

Phase 1a
Upgrade

Run 1
2010-2012

Run 2
2015-2018

Run 3
2021-2023

/-8 TeV

3/fb
Phase 1b Phase 2
Upgrade Upgrade
Run 4 Run 5 o
2026-2029 2031-2033 2035-77"
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summary

LHCDb is now officially a dark-photon experiment with unique sensitivity that is
expected to improve greatly in the (near and far) future.




