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The energy frontier
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@ Energy frontier exploration has
greatly advanced particle physics
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e Often guided by indirect signs in
lower energy processes 10°

o Example: CPV — third family =
@ The LHC is our front runner 12 3 4 5 6)[TeV]7
e Discovery of the Higgs ZL -—-) ﬂ (140 ' (13 Tev, o
. : 10 e 5
» Exploration of the multi-TeV range A —— Obs. 95% CL limi E
O FTEIEUNL . e Xp. 95% imit, median 7
e So far no hint of new heavy objects =~ 10° _ EXE ?:;/)CL' hmeden ]
e Lower limits up to several TeV S E Exp. (95%) e e-
— — T 107k Z' o =
@ What if the new particles have : —7 ]
smaller couplings to the SM? 107 ¢ E
10-8;— _

1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 N
1000 2000 3000 4000 5000
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Dark Forces

@ Astrophysics + Cosmology — there
must be Dark Matter

e Dark = only gravitational effect detected
— does not interact e.m. or strongly

e No candidate particle in the SM

Dark Matter

@ The weak solution: Dark Energy

e Dark Matter interact via the weak force

e Then its mass should be above the weak
scale (100 GeV)

@ Alternative solution: Photon Dark photon

e Dark Matter interacts via new force

e Couples indirectly to ordinary matter
(through quantum loops)

* Very small couplings, lighter masses

Martino Borsato - Heidelberg U.



Dark Forces

Kinetic mixing
Small coupling K o/tt - Q- z ”
Small cross section
Need high luminosity ‘

Could have escaped previous
experiments (intensity frontier)

Lighter mass
Cheap to produce at LHC

Production mostly in the
forward region

Comes with large background
of SM particles

Small coupling + Light mass

Can have sizeable lifetime!

Displaced vertex signature

Martino Borsato - Heidelberg U.



Dijets : TLA spectrum

Dijet Rate:

Level-1 Trigger ~30 MHz

= Reduced Granularity
Reconstruction

q q E+>100 (75) GeV

(Up)]
4+
K -
* A R A
i RN 9a 94 High-Level-Trigger
%, _ , = Cell-level jet
. q q .
% reconstruction

No tracks/muons )

pr > 380 GeV

Offline

m  Cell-level reconstruction
=  Full event information

Trigger Jets

530 (400) GeV

1 TeV mjj—/

Pavel Starovoitov (KIP HD) Physics at the LHC University Heidelberg 21/55
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All dijet searches

O 1 _| T T T
© ) [ ATLAS Preliminary Vs = 13 TeV, 3.6-80.5 ft’

CUPLING [i/m=015 July 2019
0.5 H/my=01 ..

m.=0.07 et oo —— Boosted dijet + ISR

[ T e s e - e 36.1 10 '
LT I T pepupu W, 1 Sy (S Phys. Lett. B 788 (2019) 316

— Boosted di-b + ISR
0.3F

I I I LI | | L IIIIIlllllllllllllllllllllll
’

—1 95% CL upper limits
] Observed

-1 --- Expected

_ 8051 '
ATLAS-CONF-2018-052

—— Dijet + ISR

79.8& 7661
Phys. Lett. B 795 (2019) 56

Di-b + ISR

79.88& 7661
Phys. Lett. B 795 (2019) 56

— bb resonance
243 & 36.1 fb

Phvs.Rev D 98 (2018) 032016

z — Dijet TLA
3.68&29.7 "
— Phys. Rev. Lett. 121 (2018) 081801

— — tt resonance
36.1 b

— Eur. Phys. J. C 78 (2018) 565
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Phys. Rev. D 96, 052004 (2017)
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trigger trigger
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LHCb vs ATLAS/CMS

.C. .....................................
@ Lower luminosity (low pile-up) “ “ “ |==:
o ~1/8 of ATLAS/CMS in Run 1 f I II || |.‘
o ~1/20 of ATLAS/CMS in Run 2 — L
@ Capable of very soft triggers! S II || |I

o At hardware level (L0): : “ “ “

@Wﬁh\m> 15Gey) S s ru e SRS 5
» Calo deposits with Et > 3 GeV i s

o At Software level (HLT):

» Displaced vertex triggers 6/ A'
» Real-time calibration in Run 2: ;ﬁ’ —
» Allowed “real time analysis” i.e.
keep only interesting part of event

Martino Borsato - USC
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Dark photon search
b LHC)



Dark photons phenomenology

Kinetic mixing

Dark photon (A’) mediates dark matter (y) interaction

If m(A") > 2m,, then invisible decay A" — yy dominant /_,_<

If m(A’) < 2m, then visible decay A’ — #"¢~ dominant

Production from mixing with virtual photon
Can oscillate to a dark photon with probability €?

Dark photon lifetime proportional to 1/(e*m,)
Light, rarely produced dark photons are displaced

Martino Borsato - Heidelberg U.
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Visible A" — LHCDb

Ao A
/ ’
DRELL -YAN

Al § 2 N
o pachtd N (mA‘,%’) =N (m)-& M)




Prompt ppu trigger

(\101011_ T T T T T1T]
S 10 10 L LHCDb Preliminary
O - 2016 data
(D [ Single muon
%3 1 08 | Charmonium
o B Bottomonium
é — [ Other triggers
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Prompt ppu trigger

@ Removed prescale thanks to real-time alignment
and reduced event size (turbo stream)

I SN
3 06 _ pr(p) > 1Gev p(u) > e

Ea Vs = 13TeV @(ZS)

£ 10° | 1 / r ‘-—-@ p

S (5

(\ 10° 10* 10°
m(pp) [MeV ]

2 m.
r TETL_\)/\Jr
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. S
Measuring N’

prompt 4t~ — the NV we want to measure Using templates
B N HQlhQ — muons from heavy flavour decays for min|y%p]|
B Ah+ hpg — mis-identified pions as muons (small mass dep)
s [ r LHCb ] S LHCb 1 S 0f —+—rHCH .
$ 20000~ L . g 1o . E % 1505_ E
= i m(A)=05GV] 2 00k m(A)=5GeV § = - —t— (4 = 50 Gev ]
3 C 1 & : 1 & 100— =
O 10000 - 4 © . 1 O - _ ]
. i E 50 =
* [EP— ] ] C —— .
0 0 . (2)' : : .
= 3 ] = 2F = 3
: _§0§ 05 i I 15 p) o= _80%_ 05 i 15 I ; _85_ 05 i 15 p) :
| l ~ minfy, ()] | * minfy, ()] | ~ minfy, ()]
; v v
10 E 1 1 1 1 1 1 1 Il 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 I ?
109 - LHCb ‘= jsolation prompt-like sample _:I
E § 4 3 | E
e /s=13Tev } & applied | pr(p) > 1GeV,p(p) > 20GeV 3
10° E A L f — ¥
E/_\ N prompt Iu-l-D r
o' L ; HQHQ ‘

1 IIEJ-I l.:l-lull 1 IIII|,|,|| 1 IIII|,|,||
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Visible A’ limits

PRL 124 (2020) 041801
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~prompt in LHCb
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Displaced Vertices at LHCDb

~ T-tracker

PV 5m 10m
LHCb-DP-2018-002 VELO envelope
20 - -

//H\\

X [mm)]

""" |

LHCb

s
§
g

10

0 y=0mm

7—§

-10

........
-205 20

VELO modules
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10°

10?

10

@ Currently only within VELO

e Displacement <20 cm (but with boost)

@ Could extend to upstream tracker
e Displacement <200 cm

e Worse vertex and p resolution
(m(7tt) resolution 2X larger)

e Not yet available in trigger

Backgrounds in VELO

® Heavy Flavour displaced decays
e 1(B)~1.5 ps, fy~10 = few mm
@ Thin VELO envelope

e <5 mm: background mainly from
heavy-flavour background

e >5 mm: background mainly from

material interaction
15


https://inspirehep.net/record/1663389

VELO material ma

¥

, NAANANN
® VELO material map

e based on material interactions
from hadrons produced in beam-
gas collisions

e Assign probability of material
interaction hypothesis to each uu

pLHCb-DP-ZOlS—OOZ
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https://inspirehep.net/record/1663389

Displaced dark photon
3¢-<

® Much lower background

e No long-lived SM particle decaying to u{

e Main background from y — uu
conversions in the VELO vetoed

CIHULATIGN
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Visible A’ limits

PRL 124 (2020) 041801

i "

@ ~prompt in LHCb

107§ : 19 ) o)
2006 He/ ~ 2 ’VVL/A
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Dark Photons below Zmﬂ

=/ " L, e
Rm(Pr_,)D*%DOK)LHCL: 0.+ M’L{% e

) HER
CONSTRANI m(Dm) ”"\(D°) /\IZ m( *‘) KBELS’OfUT(O‘\/
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Dark Photons below ZmM
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