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Compressed dark sector

Decays to states that are ‘invisible’, due to
below-threshold energies and/or weak
couplings to the SM.
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WIMP miracle?
Weak multiplet with EIV splittings
O(amz) < GeV.
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Compressed dark sectors at hadron colliders

kinematic . .
Small long-lived particles (c.f. also

suppression LLPs@LHC + Kaustubh's talk)
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Compressed dark sectors at hadron colliders

kinematic

Small ) long-lived particles (c.f. also
splittings R LLPsOLHC + Kaustubh's talk)
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Disappearing Tracks 101

R=1082 mm
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Disappearing Tracks 101

R=1082 mm

TRT

Invisible
Invisible SCT{
"
Disappearing charged track p.xe.s{iiéﬁw
(decay within tracker) R=505mm

R=0mm

This talk: probing mm-range disappearing track at FCC-hh.



Disappearing Tracks 101

Charged state has:

Invisible
e ‘nominal decay length' c7

e lab frame decay length
do = Bryer

Invisible

Disappearing charged track

ey i () e £ of particles travelling

distance d,
N(d) = No exp (—d%)



Simplified model

We pair-produce a weak-doublet fermion y with hypercharge —1/2
and dirac mass m, at FCC-hh
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Simplified model

We pair-produce a weak-doublet fermion y with hypercharge —1/2
and dirac mass m, at FCC-hh

. . ., 1 _
LDix <¢— igW — lg’2Y$> X + My XX 5

Electroweak corrections

{W\q{;v N — .\
\ 0

Y 4 X I mX

/O

For weak doublet A, ~ 0.3 GeV = cT ~ 7Tmm"*.

*

Sensitivity ~ o(m,) x €(m,, c7)

Will vary and independently. 4



‘Conventional’ analysis

Production cross section (pb)

400

Inclusive NLO x pair-production cross section @ FCC-hh

600 800 1000 1200
Weak doublet mass, m, (GeV)

ST RL I = 5/

1400

Pre-selection

- lepton veto

- PT i ET > 1 TeV
- AgET S 15

min

Charged-track selection

- Isolated track

- PT,track > 1 TeV

- 10 cm < firack < 65 cm

01 < |ntrack| < 2



FCC-hh projection
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Backgrounds

- Subtracted using data-driven fit at
LHC.

- Dominated by mismeasured pr due
to “high density of silicon hits,
hadronic interactions & scattering”.

- Dependent on detector properties.

- We use ATLAS fit, normalized to
scaling of multijet/(Z+j) xs.
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FCC-

hh projection

20 limit =
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Subtracted using data-driven fit at
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News from Moriond

ATLAS reconstruct ‘charged tracklets’ with 4 hits in pixel detector,
including new insertable B-layer, sensitivity to tracks with r ~ 12
cm (previous 30 cm!)
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FCC-hh projection

20 limit =
50 limit

.7 (mm)
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Backgrounds

- Subtracted using data-driven fit at
LHC.

- Dominated by mismeasured pr due
to “high density of silicon hits,
hadronic interactions & scattering”.

- Dependent on detector properties.

- We use ATLAS fit, normalized to
scaling of multijet/(Z+j) xs.
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FCC Detector Wishlist

Good charged-track resolution close to beamline.
(Tracker granularity, radiation-hardness)



Kinematic interlude



Kinematics

X boost is crucial.

Conventional dark matter searches based on pr of radiated jet.

45 Boost distribution of pair-produced 1.1-TeV fermion

Boost factor 73
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Kinematics

X boost is crucial.

Conventional dark matter searches based on pr of radiated jet.

45 Boost distribution of pair-produced 1.1-TeV fermion

Boost factor 73

Lose particles with largest boost!

0 1000 2000 3000 4000
prj, (GeV)

5000

Move away from jet pr/MET-based searches?
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Alternatives to jet pr/MET

Hard (large-momentum) charged track?

Rate of energy loss?

dE 2mec252
x1— Io
& (-2
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FCC Detector Wishlist

Good charged-track resolution close to beamline.
(Tracker granularity, radiation-hardness)

Jet p7/MET-free trigger or triggerless operation
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Kinematics - boost distribution

Velocity of pair-produced 1.1-TeV fermion x

102 Transverse momentum of pair-produced 1.1 TeV fermion y 6
LIl 5,010 TeV i
- = 5 mmm 3, 0100 TeV g
:% Al s 5 @100 TeV 3

)

Normalized cross section
Normalized cross section
w

-

""‘_k

500 1000 1500 2000 2500 3000 35;00 0.0 0.2 0.4 0.6 0.8
pr (GeV) 8
Transverse momentum set by Relevant scale for longitudinal
mass scale. momentum /s
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Kinematics - boost distribution

35 Boost distribution of pair-produced 1.1-TeV fermion
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Kinematics - boost di

35 Boost distribution of pair-produced 1.1-TeV fermion
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Kinematics - boost distribution

35 Boost distribution of pair-produced 1.1-TeV fermion
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Boost factor v(3
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Kinematics - boost distribution

Boost distribution of pair-produced 1.1-TeV fermion

35¢

A

AL 00T =5,

s> ou

N(d) = exp (—ﬁ’ﬁ)

Boost factor v(3

7 range of large-boost particles not covered.

14



FCC Detector Wishlist

Good charged-track resolution close to beamline.
(Tracker granularity, radiation-hardness)

Jet p7/MET-free trigger or triggerless operation

Good forward tracking capability.

ii5)



End of kinematic interlude



Track-based analysis

(Assume triggering on pirack = a few TeV and dE/dx sufficient.)
Two non-overlapping signal regions:

Central Forward
- prr =3 TeV - pi > 8 TeV
_OS‘T]|S2 _2S|’r)|§nmax

- 10cm < r, < 65 cm
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Track-based analysis

(Assume triggering on pirack = a few TeV and dE/dx sufficient.)
Two non-overlapping signal regions:

Central Forward

- prr =3 TeV - pi > 8 TeV
_OS‘T]|S2 _2S|’r)|§nmax

- 10cm < r, < 65 cm

Central charged tracks for m, = 1.1 TeV, ¢7 = 6.6 mm Forward charged tracks for m, = 1.1 TeV, ¢7 = 6.6 mm

/°L 00T ©

Number of charged tracks
Number of charged tracks
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Track-based analysis

(Assume triggering on pirack = a few TeV and dE/dx sufficient.)
Two non-overlapping signal regions:

Central Forward
- prar = 3 TeV - pir > 8 TeV
_OS‘T]|S2 _2S|’r)|§nmax
- 10cm < r, < 65 cm -45cm < z, <70 cm
Central charged tracks for m, = 1.1 TeV, ¢ = 6.6 mm 20+ Tracker setup for forward TB analysis )
10?
15

APL 00T O ;_a) 000

Number of charged tracks

— prr>3 TV

~ Loy,
e,
= g Broprpn>1 TV \7104/41

=35

B =g
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Transverse distance r (mm)
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FCC-hh projection: track-based analysis

Number of charged tracks in FCC-hh central TB analysis

Number of charged tracks in FCC-hh forward TB analysis
0 ' '

207

¢t (mm)
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Weak doublet mass m, (GeV) Weak doublet mass m, (GeV)
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FCC-hh projection: track-based analysis

Number of charged tracks in FCC-hh central TB analysis
o * 3
900

500 600 700 800 900 1000 1100 1200 1300 1400
Weak doublet mass m, (GeV)

20 limit _ <
50 limit | =

Yoo 600 700 800 900 1000 1100 1200 1300 1400
Weak doublet mass m, (GeV)

500 600 700 800 900 1000 1100 1200 1300 1400
Weak doublet mass m, (GeV)

Each track-based analysis yields
~ 4-fold increase in number of

events over conventional analysis
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FCC Detector Wishlist

Good charged-track resolution close to beamline.
(Tracker granularity, radiation-hardness)

Jet p7/MET-free trigger or triggerless operation

Good forward tracking capability, radiation-hardness
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Shameless plug

Mono-Z @ FCC-hh

RM and Jose Zurita

coming soon!
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Cross Section Required

50, Effective cross section (fb) for 10 events @ r=10 cm, FCC-hh

560 600 760 800 900 1000 1100 1200 1300 1400
Charged particle mass m, (GeV)

50 , Effective cross section (fb) for 35 events @ r=10 cm, LHC14-HL
B . : [oprong lever Lo ; : .

7 (mm)

200 250 300 350 400 450 500 550 600
Charged particle mass m, (GeV)

cT (mm)

o Effective cross section (b) for 20 events in forward T8 analysis

:/

500 600 700 800 900 1000 1100 1200 1300 1400

Charged particle mass m, (GeV)



Higgsino Decay

X" branching ratios

X" nominal decay length
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Summary of Cuts

LHC14-HL FCC-hh

Conventional  TB Central Conventional TB Central TB Forward

lepton veto v v v v v
pr. (GeV) 150 1000
£, (GeV) 150 1000

AghET 15 15
pr.r (GeV) 350 1000 1000 3000

per (GeV) 8000

[t | (0.1, 2) (0.1, 2) (0, 2) (0, 2) (2, 4)
ke (cm) r =(10, 65)  r =(10, 65) r =(10, 65)  r =(10, 65) z =(45, 70)




Disappearing Charged Track: the problem

R=1082 mm 1
= F T T T >
£ 1000l ATLAS Simulation K §
TRT 5 F 0.8 =
E - w
& soof-
TRT F 06
600/
r 04
400~
scT [
200 0.2
ke 0 L 1 1 L 1 o}
2 1 0 T 2
R=1225 - o Pixels ) n
Pixels {R =865 mm | b= arXiv:1310.3675
R=50.5 mm -

R=0mm

ATLAS required*:
5 hits in Pixel and SCT for reco.

Veto on tracks with many TRT hits.

100% acceptance @ r > 30 cm.



Disappearing Charged Track: the problem

400 Charged track distribution for my = 1.1 TeV, er = 6.6 mm

— A =100%
= 350

For hard prj,, Et cuton

chargino with ¢7 ~ O(mm),

nothing gets out to large r.

L 001

£ z
E.1000 ©
5 0.8 é
3 r o
&£ 800|
0.6
600)
0.4
400)
200) 0.2
o L L f i 1 N

arXiv:1310.3675
ATLAS required*:
5 hits in Pixel and SCT for reco.

Veto on tracks with many TRT hits.

100% acceptance @ r > 30 cm.



Disappearing Charged Track: the problem

~ Charged track distribution for m, = 1.1 TeV, cr = 6.6 mm

400 EmOOiATLA‘S Simulal‘ion TR ] g
< 350 A= 100% o H ~ A s 2
& 800 "
L 0.6
6005
400(— o4
200 0.2
o 2 T 5 1 B 0
arXiv:1310.3675 !
5 *.
For hard pr,, E7 cut on ATLAS required*:
chargino with cr ~ O(mm), 5 hits in Pixel and SCT for reco.
nothing gets out to large r. Veto on tracks with many TRT hits.

100% acceptance @ r > 30 cm.
*LHC13 Moriond update uses IBL and pixel tracklets to reach r > 12 cm
(ATLAS-CONF-2017-017)
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Thermal Higgsino Window
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Comparison with LHC14-HL: Conventional

LHC sensitivity at high Number of events and FCC-hh sensitivity @ r=10cm
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Comparison with LHC14-HL: Conventional

200 LHC sensitivity at high 20 Number of events and FCC-hh sensitivity @ r=10cm
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Modified central tracking can

improve reach in ¢7 by a factor
of 2 at LHC.



Comparison with LHC14-HL:

200 LHC sensitivity at high
100l ;2\;}:3 8 TeV Wino exclusion 20 limit
| w50 limit || =
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E 20+ e
5 ! R i R
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Weak doublet mass 1, (GeV)

Modified central tracking can

improve reach in ¢7 by a factor
of 2 at LHC.

Conventional

Number of events and FCC-hh sensitivity @ r=10cm
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w
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500

600
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Can double that gain at FCC-hh



Comparison with LHC14-HL:

Track-based

200 Number of charged tracks in LHC14-HL central TB analysis

200 250 300 350 400 450 500 550 600
Weak doublet mass 1, (GeV)

Central TB analysis gives 2-fold
enhancement in number of signal

events

300 350 400 450 500 550
Weak doublet mass 1, (GeV)

Forward TB not as powerful, due
to smaller overall boost



	Appendix

