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Standard Model

e Standard model has been rigorously tested and

works extremely well for describing interactions at

small scales

* However the SM is not a “theory of everything”
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Compact Muon Solenoi

e | HC is the best tool for studying
Interactions at small scales

e CMS is a general purpose detector

e Discovered the Higgs boson back in
2012

 Receiving a plethora of upgrades in
the next half decade that could open
many doors to new physics (HL-LHC)
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total weight : 14500 tonne B

overall diameter : 14.60m superconducting coil

:21.60m return y

C
magnetic field :4T

Summary of CMS HL-LHC Upgrades

Barrel ECAL/HCAL

¢ Replace FE/BE electronics =
o Lower ECAL operating temp. (8 °C)

T,

. 7 A 8N
Trigger/HLT/DAQ (8 &
® Track information in L1-Trigger
o L1-Trigger: 12.5 ms latency — output 750 kHz
® HLT output 7.5 kHz

Muon Systems s
« Replace DT & CSC FE/BE Electronics '
R ® Complete RPC coverage in region 1.5<h<2.4
New Fndcap g g ® Muon tagging 2.4<h<3
Calorimeters & N
\v

® Rad. tolerant — high granularity
® 3D capable

New Tracker

4

® Rad. tolerant - high granularity —
significant less material

® 40 MHz selective readout (pT>2 GeV)
in Outer Tracker for L1 -Trigger

¢ Extended coverage to h=4 v

MIP Precision Timing Detector

o Barrel: Crystal +SiPM =R
¢ Endcap: Low Gain Avalanche Diodes ):
L
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We Search RANGRS

muon chambers inner tracker ecal.

e Now we search for new physics at the

LHC

very forward
calorir

e [f we do not find anything we set a limit
on the rate at which that thing is
produced

N 'm;;;;—z}’%;;—le;;;- —;;;g,, e ‘

* Have done at lot more searching than
discovering Do Ao e

magnetic field :4T

total weight : 14500 tonne 7*21;’.;—,—_:%

pp — tt, t >t X0 July 2018

CMS 35.9 fo' (13 TeV)

— - Singlet T model -1;82'82%2‘ ?::E Egg; ---Expected
—— Observed 95% CL upper limit —171 1_007521 2-lep (stop) —QObserved
- o imi == 1805.05784, soft 1-lep + 0-lep

Expected 95% CL upper limit 1805.05784, Soft 1.lap (MVA)
P 68% expected

95% expected

35.9 b (13 TeV)

pp — (tH+tZ)bg, I'/m; = 0.3

1000 . 1200
m; [GeV]
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It’s Not Over Yet RANGRS

e All of the low hanging fruit has withered
away

* |Long-lived particles (LLPs) are one way
that we can start being more creative

KU PALOOZA, Zach Flowers, February 25th, 2021



L1 Ps RARRA

All of the low hanging fruit has withered
away

Long-lived particles (LLPs) are one way
that we can start being more creative

LLPs are particles that fly
for some significant
amount of time before
either decaying or being
detected

1

[] leptons

Lots of examples in the B
O mesons
standard model o barvone

s% bosons

10-20

adapted from

Why not in new physics? NS 102 mass [GeV]
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LLP Searches At The LHC

Tracker Tracker

Muon system -
emerging
® B I neutral iet BSM

= charged HSCP lepton
= 2Ny Charge quark

e Multi-Front Attack by _ Frvinng

. . i displaced
disappearin i
( ; M S Tracker ppearing / lepton(s)  Tracker
(. o " Muon system

* Many creative
. Tracker
searches but still ECAL displaced

HCAL jet(s) photon ECAL

have a lot of ground Muon system
to cover Sl

vertex

Tracker :
Tracker ECAL J. Antonelli

Overview of CMS long-lived particle searches

e HL-LHC presents new

RPV UDD, §-tbs, mz = 2200 GeV § 1808.03078 (Disp. vertices)  0.0006-0.08 m 38 fb~! (13 TeV)
[ ] n RPV UDD, §-tbs, mz = 2200 GeV § 1811.07991 (Displaced dijet) 0.0025-1.2 m 36 fb~! (13 TeV)
, f-dd, t 1808.03078 (Displaced vertices) 0.0004-0.1 m 38 fb~1 (13 TeV)
u I I u & 3 1811.07991 (Displaced dijet) 0.0014-1.55 m 36 fb~! (13 TeV)
RPV LQD, t-bl, mi =600 GeV 3 1808.05082 (2p + 2 jets) <0.031m 36 fb~! (13 Tev)
RPV LQD, t-bl, mi= 600 GeV i CMS-PAS-EX0-16-022 (Disp. e + disp. p) 0.0005-0.4 m 3 b1 (13 TeV)
" RPV LQD, t-bl, mi =1300 GeV f 1811.07991 (D. dijet) 0.0045—-0.2 m 36 fb~! (13 TeV)
GMSB, §-gG, mg=2100 GeV 5 1906.06441 (Delayed jet + MET) 0.32—-34 m 137 fb~! (13 TeV)

Split SUSY, §—qqgx?, mg = 1300 GeV 5 1802.02110 (Jets + MET) <lm 36 fb~1 (13 TeV)
Split SUSY (HSCP), fzg = 0.1, mz = 1600 GeV § CMS-PAS-EX0-16-036 (dE/dx) >0.7m 13 fb~* (13 TeV)
mGMSB (HSCP) tanB =10, u>0, m: =247 GeV ¢ CMS-PAS-EX0-16-036 (dE/dx + TOF) >75m 13 fb~1 (13 TeV)
Stopped £, £-tx?, i 1801.00359 (Delayed jet) 60—1.5e+13 m 39 fb~1 (13 TeV)
Stopped §, §~qGx?, fz = 0.1, mg = 1300 GeV § 1801.00359 (Delayed jet) 50—3e+13 m 39 fb~ (13 TeV)
Stopped g, G-qdx3(uux?), 1801.00359 (Delayed pp) 600—3.3e+12 m 39 fb1 (13 TeV)
AMSB, x *-xn*, m, 1804.07321 (Disappearing track) 0.15-18 m 38 fb~1 (13 TeV)
GMSB SPS8, XP-YG, myo B CMS-PAS-EX0-19-005 (Delayed y(y)) 0.2-6m 77 fb7* (13 TeV)

H-XX(10%), X—ee, my =125 GeV, mx =20 GeV  x 1411.6977 (Displaced ee) 0.00012-25 m 20 fb~* (8 TeV)
H-XX(10%), X=uu, my =125 GeV, mx=20 GeV x| [1411.6977 (Displaced pp) 0.00012-100 m 20 fb~* (8 TeV)
dark QCD, Mg, =5 GeV, my,, = 1200 GeV Xok 1810.10069 (Emerging jet + jet) 0.0022-0.3 m 16 fo~! (13 Tev)

1074 1073 1072 107t 10°

ct [m]

July 2019

Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included). The y-axis tick labels indicate the studied long-lived particle.
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Timing Detectors at the HL-LHCWR%

e CMS has been developing new

timing detectors for the HL-LHC ~ MTP design overview
CMS
* Pileup Mitigation _—
* Higgs Measurements { e — ==
* B-tagging Improvements S— !‘!r ‘-
* Determine the velocities of R
particles (Hint: LLPs) A —
™\
Displacement

Velocity

/

B =
NEW!
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LLP

e Going to
focus on
one
specific
type of
LLP case

searches at the LHC

Tracker
Muon system

B B peutral
mmmm charged HSCP
meswe 2N\ Charge

Tracker disappearing

track
(l n

Tracker

emerging
jet

BSM
lepton
quark
photon
anything

displaced
lepton(s) Tracker

Muon system

Tracker
ECAL displaced
HCAL  lets)
Muon system

displaced
vertex

Tracker

; displaced

conversion

Tracker
ECAL

KU PALOOZA, Zach Flowers, February 25th, 2021

displaced
photon ECAL

J. Antonelli




Neutral LLP Topology s

* Possibly most to
study something neutral
(invisible) that decays
semi-invisibly

e Typically studied by
counting displaced

secondary vertices (SV) in
ry vert (SV) ...?f//)y AN q .
events with invisible NS Ve
systems NI Q\
e This is under-constrained [

without timing

KU PALOOZA, Zach Flowers, February 25th, 2021 10



Math Happens i

e With this new timing information we will be able to measure LLP
masses and fully reconstruct events containing them

* Now, counting experiments can become bump hunts!

~O o~

X, RestFrames Event Generation X20 ;N(zoe y4101) )NQIOZb(ll) 5’(10

~

RestFrames Event Generation XZO ')“(20—> Za(ll) %be(ll)

0022 __L ........ } ....... J|. ....... || ........ I|L ........ |l ........ || ........ T T N R -
0.02F i YRR SN S— - - —0,;=300Dps

0.009 .I T T T | T T T T | T T T T | T T T | T T T | T T .
—ct=20cm =
0.008 : : 5 .

0.007

III|III|III|—

0.018 Frivf i
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N F b ; ; ; ; ; ;
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Summary KARISKS

e CMS has come a long way with respect to understanding
the really tiny stuff

e Need to be more creative to see cool, new, and more
relevant stuff

e The HL-LHC era presents new opportunities to rethink
searches with new tools

e With new information we can reconstruct events with
LLPs that were previously

KU PALOOZA, Zach Flowers, February 25th, 2021 12
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13-14 TeV 14 TeV

energy

Diodes Consolidation

splice consolidation cryolimit LIU Installation ) '
7 TeV _8 TeV button collimators interaction HL-LHC 5 to 7.5 x nominal Lumi
R2E project reg ons 11 T dipole coll. installation

Civil Eng. P1-P5
mmmmmmmmmmmmmmm IIIIIIE&»

ATLAS - CMS r ldl ation

experiment upgrade phase 1 damage ATLAS - CMS
beam pipes T v o HL upgrade
e ALICE - LHCb :

—_— . integrated ERINIIE{+ S|
m 190 fb™! m SR 4000 (ultimate)

HL-LHC TECHNICAL EQUIPMENT:

m | PROTOTYPES CONSTRUCTION INSTALLATION & COMM.

HL-LHC CIVIL ENGINEERING:

DEFINITION EXCAVATION / BUILDINGS

KU PALOOZA, Zach Flowers, February 25th, 2021
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arge Hadron Collider

* Large ring that accelerates protons to nearly the speed of light

* Hosts many different experiments

KU PALOOZA, Zach Flowers, February 25th, 2021 15



We Search RANGRS

* Now we search for new physics D e e

very forward
calorir

* |f we do not find anything we set
a limit on the rate at which that
thing is produced

* Have done at lot more searching

overall diameter : 14.60m
overall length  : 21.60m

than discovering

35.9 b (13 TeV)

pp — tt, t -t X9 July 2018

CMS 35.9 fo' (13 TeV)

=1707.03316, 0-lep (stop)
1706.04402, 1-lep (stop)
—1711.00752, 2-lep (stop) —Observed
=1805.05784, soft 1-lep + 0-lep
1805.05784, soft 1-lep (MVA)

— — Singlet T model ..Expected
—— Observed 95% CL upper limit
- - - - Expected 95% CL upper limit
P 68% expected

95% expected

pp — (tH+tZ)bg, I'/m; = 0.3

1000 . 1200
m; [GeV]

KU PALOOZA, Zach Flowers, February 25th, 2021 16



We Search And Search i

Now we search for new physics =

: : imi EPS 2019 957% CL exclusions
If we do not find anything#y 44444 oman:

----- Expected

a limit on the rate at whic
thing is produced /f oracs, 100503

T/ My <~10%

Boosted Dijet+y [arXiv:1905.1033
35.91b", 13 TeV

Have done at lot more se; | . seatodOm D00 8071
/ ?ge; %Eagsg_?gv[arXiv.'1802.06149];7:

t h an d I SCOve rl n g | 2 ' w Dijet scouting [arXiv:1604.08907]

19.7 fb", 8 TeV
] Dijet scouting [arXiv:1806.00843]
~ o~ O 7o 1 | 'y 35.91b", 13 TeV
pp - tt, t >t XS July2c 10 J (YA’ - Dijet [EXO-19-012]
137 fb™, 13 TeV

CMS 35.9 fo' (13 TeV) I,/ My <~30%

==1707.03316, O-lep (stop) " -
1706.04402, 1-lep (stop) +Expectec ‘ ~ Broad Dijet [arXiv:1806.00843]

—1711.00752, 2-lep (stop) —Observe: 35.9 b, 13 TeV
—1805.05784, soft 1-lep + 0-lep 'z /My <~100%

1805.05784, soft 1-lep (MVA) o
' 710 20 100 200 10002000 Dijet  [arXiv:1803.08030]

35.9fb" 13 TeV

"""""
- ‘.
¥
.....
Se L

......
s .

800 1000 1200
m; [GeV]

KU PALOOZA, Zach Flowers, February 25th, 2021 17



We Search And Search And ;.
Search Some More

CMS Preliminary 13-39fb ' (13 TeV) S ke W .

M r——rm

EPS 201 9 95% CL exclusions
T T —TT T )

/ Observed

g — q(jXO (BR=100%) Status: February 2018
(R-hadron cloud model) Jets + pIiss, arXiv:1802.02110

.©- Expected m, 0 = 100 GeV, charge suppressed

Jets + piss, arXiv:1802.02110

mgz — m,o = 100 GeV, charge suppressed

Stopped gluino, arXiv:1801.00359 }
mb - mx() > 160 GeV, f‘qq =0.1 ‘—_

Expected

—@— Observed T,/ M, < ~5%
tt resonance, [arXiv:1810.05905]
35.9fb", 13 TeV

Ty /My <~10%

Boosted Dijet+y [arXiv:1905.1033
35.9fb, 13 TeV

Boosted Dijet [EXO-18-012]
77.0fb", 13 TeV

Dijet b-tagged [arXiv:1802.06149]
19.7fb™, 8 TeV

Dijet scouting [arXiv:1604.08907]
19.7 fb", 8 TeV

HSCP, CMS-PAS-EXO-16-036
f50 =0.1

Lower limit (95% CL) on m3; [GeV]

Dijet scouting [arXiv:1806.00843]
35917, 13 TeV

Dijet [EXO-19-012]

137 fb", 13 TeV

',/ M, <~30%

~ Broad Dijet [arXiv:1806.00843]
35.9fb", 13 TeV
I,/ M, <~100%

Dijet x [arXiv:1803.08030]
35.9fb", 13 TeV

—
-
-
-
-
—
=
-
—
-
-
-
—
-
-
-

1 | | | 1 1
10-¢ 10-* 10~% '10% 10% 10* 10° 10® 10'° 10%2

| I lm ] l:. | l | | |
10-5 10-3 10-! 10! 108 10° 107 10° 101! 10%°

7 . .
27 : '
& R . »
. E
£ B .
s - R '

200 400 600 800 1000 1200
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We Search And Search And Search............
Some More

Sometimes we measure something again...

>
()
0
~
%
-
()
>
L
©
..Q_J,
-
f=)
=
)
+
2
S~
7))

e R
2,
(=T -
o O
OO

(0}
o
-
o

CMS Prellmmaly

35.9fb" (13 TeV)

l L I 1T 1T 1 I LI
— H—>W
Z 125 8 GeV

III|III|III|III|IIIIIII

IIIIIIIIIIIIIIIIIIIIIIII

All categories
S/(S+B) weighted
¢ Data
— S+B fit
B component
[ t1o
I EX;

IIIIIIIIIIllIIIIlIIllIllIIlIlI

lllllllllllllllllllllllllllllllll[llll

B component subtracted -

lllllllllll

Illlllf

BE

140 150 160 170 1
m,., (GeV

I“t LUUVJ

0

Vm

CMS

KANSAS

September 2019

CMS Run 1 legacy
PRD 93 (2016) 072004

2015, muon+jets
TOP-16-022 (2017), 2.2 fb™

Lepton+jets
EPJC 78 (2018) 891, 35.9 fb™

Dilepton
EPJC 79 (2019) 368, 35.9 fb™

All-jets
EPJC 79 (2019) 313, 35.9 fb™

Lepton+jets, all-jets
EPJC 79 (2019) 313, 35.9 fb™

Single jet, p; > 400 GeV

172.44 + 0.13 = 0.47 GeV
172.62 = 0.38 + 0.70 GeV
172,25 + 0.08 = 0.62 GeV
172.33 + 0.24 066 _ Gev

172.34 = 0.20 = 0.70 GeV

172.26 = 0.07 = 0.61 GeV

TOP-19-005 (2019), 35.9 fb™!

Tevatron combination
arXiv:1608.01881 (2016)

World combination
ATLAS, CDF, CMS, DO
arXiv:1403.4427 (2014)

172.56 = 0.41 = 2.44 GeV

o

174.30 = 0.35 = 0.54 GeV

173.34 =+ 0.27 = 0.71 GeV

165 170

KU PALOOZA, Zach Flowers, February 25th, 2021
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LLPs in General

* Particle that flies for
some significant amount
of time before either
decaying or being

detected
1
[] leptons
e | ots of examples in the 1010 4 | ol
standard model .

10-20

adapted from
Briafn Shuve 10-10 103 102 mass [GeV]

* Why not in new physics?

KU PALOOZA, Zach Flowers, February 25th, 2021 20



Timing Detectors at the HL-LHCW%F

* There will be challenges during
the High-Luminosity run of the {V‘TD design overview
LHC (inc. pileup) s

e CMS and ATLAS have been

Ar ENDCAPS
developing new timing detectors "C\__ SEE
to combat these issues ¥ |

e Thin layer between tracker and calorimeters
MIP sensitivity with time resolution of ~30 ps

* These detectors can also also be - remecwwesse i

used to determine the velocities —>
of particles! —> A f"'\

Velocity

Displacement

NEW!/

KU PALOOZA, Zach Flowers, February 25th, 2021 21



What Can We Do Now? ;e

 Higgs Physics

MTD design overview

e Self-coupling

CMS

e Precise mass measurements 'C
e B-tagging Performance | o r ‘ _
» Rare B-meson decays et il “‘

e Hermetic coverage for |n|<3

e Long-Lived Particles (LLPs) —>
—> JAN ™~
/8 Displacement

Velocity

KU PALOOZA, Zach Flowers, February 25th, 2021 )



LLPs in General

* Particle that flies for
some significant amount
of time before either
decaying or being

detected
1
[] leptons
e | ots of examples in the 1010 4 | ol
standard model .

10-20

adapted from
Briafn Shuve 10-10 103 102 mass [GeV]

* Why not in new physics?
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T

CMS preliminary

RPV UDD, g-tbs, mg = 2200 GeV
RPV UDD, g-tbs, mgz = 2200 GeV
RPV UDD, t-=dd, mi=1300 GeV
RPV UDD, {-»dd, mi;=1300 GeV
RPV LQD, t-bl, mi = 600 GeV
RPV LQD, -bl, m; =600 GeV
RPV LQD, t-bl, m;=1300 GeV

Q.

~r o ot o+ Q

GMSB, §—gG, m; = 2100 GeV

GMSB, §~gG, m; = 2100 GeV

Split SUSY, §-qdx?, mg = 1300 GeV

Split SUSY (HSCP), f;5 = 0.1, mgz = 1600 GeV

mGMSB (HSCP) tanB =10, u>0, m; =247 GeV
Stopped t, t>tx?, mi= 700 GeV

Stopped §, §-qgx?, f3o=0.1, mg=1300 GeV
Stopped §, §—qdx3(upx?), fzg=0.1, myg =940 GeV §
AMSB, x *-xn*, my= =505 GeV x*
GMSB SPS8, x2-YG, mys = 400 GeV X0

H-XX(10%), X—ee, my =125 GeV, my=20 GeV  x
H-XX(10%), X—uu, my =125 GeV, my =20 GeV  x
dark QCD, my,, =5 GeV, my,, = 1200 GeV Xox

1074

Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included). The y-axis tick labels indicate the studied long-lived particle.

he Story So Far

Overview of CMS long-lived particle searches

1808.03078 (Disp. vertices) 0.0006—-0.08 m
1811.07991 (Displaced dijet)
1808.03078 (Displaced vertices) 0.0004-0.1m
1811.07991 (Displaced dijet)
1808.05082 (2p + 2 jets) <0.031m
CMS-PAS-EXO-16-022 (Disp. e + disp. M) 0.0005-0.4 m
1811.07991 (D. dijet) 0.0045—0.2 m

0.0025-1.2 m

0.0014-1.55m

1811.07991 (Displaced dijet) 0.0041-0.81 m
1906.06441 (Delayed jet + MET)
<lm
CMS-PAS-EX0O-16-036 (dE/dx)
CMS-PAS-EX0O-16-036 (dE/dx + TOF)
1801.00359 (Delayed jet)
1801.00359 (Delayed jet)

1801.00359 (Delayed pp)

0.32-34 m

1802.02110 (Jets + MET)

>0.7m

>7.5m

60—1.5e+13 m

50—-3e+13 m

600—-3.3e+12 m
1804.07321 (Disappearing track)

CMS-PAS-EX0O-19-005 (Delayed y(y)) 0.2-6m

0.15-18 m

0.00012—-25m
0.00012—-100 m

1411.6977 (Displaced ee)
1411.6977 (Displaced pp)

1810.10069 (Emerging jet + jet) 0.0022—-0.3 m

100
ct [m]

1073 1072 107!

KU PALOOZA, Zach Flowers, February 25th, 2021

3-137fb~1 (8, 13 TeV)

38 fb~! (13 TeV)
36 fb~! (13 TeV)
38 fb~! (13 TeV)
36 fb~! (13 TeV)
36 fb~! (13 TeV)
3fb~! (13 TeV)

36 fb~! (13 TeV)

36 fb~! (13 TeV)
137 fb~1 (13 TeV)
36 fb~! (13 TeV)
13 fb~! (13 TeV)
13 fb~! (13 TeV)
39 fb~! (13 TeV)
39 fb~! (13 TeV)
39 fb~! (13 TeV)
38 fb~! (13 TeV)
77 fb~1 (13 TeV)

20 fb~! (8 TeV)
20 fb~! (8 TeV)
16 fb~1 (13 TeV)

July 2019

24



The Story So Far

PP — X9XT — (ll — (witR0R°

pPp — X9X; — Fvll — TvllROR°0

PP — X3%; — Tv7f — rrTRI

PP — X9x;7 — WHIY

PP — XoX1 — WZXINY

PP — X3xi — WZ/HY9x?
PP — V3% /XINT, X /X8 — (WH/Z)XY

PP — UGNt N — WP
PP — XiXi.Xi — (v/to) — il

PP — Xy Xi- X1 — (Fv/70) — Tvi}

PP — gL/RgL/Rv (— 555(1)
pp — (Ll { — (3
pp — (rlr,{ — (X3

CMS

July 2018

Overview of SUSY results: electroweak production
36 fb~! (13 TeV)

PP — XoXi

3/¢: arXiv:1709.05406

> 3¢ + 2( same-sign: arXiv:1709.05406

> 3¢ + 2( same-sign: arXiv:1709.05406

30/ arXiv:1709.05406

30/ arXiv:1709.05406

30/ arXiv:1709.05406

> 3(/m: arXiv:1709.05406

> 3(/m + 2¢ same-sign: arXiv:1709.05406

1/+4jets: arXiv:arXiv:1706.09933

h — 9: arXiv:1709.00384

combined: arXiv:1801.03957;1706.09933,1709.00384

2( opposite-sign: arXiv:1709.08908

3(: arXiv:1709.05406

2( soft: arXiv:1801.01846 AM =20 GeV

combined: arXiv:1801.03957;1709.08908,1801.01846

combined: arXiv:1801.03957

20 soft: arXiv:1801.01846 higgsino simplified model, AM = 15-20 GeV

7 dominated, = = 0.5

BF = 50%

~+ =+

PP — X1 X1
2( opposite-sign: arXiv:1807.07799 My =1 GeV
2( opposite-sign: arXiv:1807.07799 BF({v) = 50%, = = 0.5

ThThs €Th, UTh, €p: arXiv:1807.02048 BF(7v) = 50%, = = 0.5

ete™, pT s arXiv:1806.05264
ete™, uTpu~: arXiv:1806.05264
ete™, uT s arXiv:1806.05264

flavour democratic, z = 0.5

flavour democratic, z = 0.05

flavour democratic, z = 0.95

T enriched, x = 0.5
7 enriched, x = 0.05

7 enriched, x = 0.95

660
mass scale [GeV]

200 400

THE UNIVERSITY OF

KANSAS

Selection of observed limits at 95% C.L. (theory uncertainties are not included). Probe up to the quoted mass limit for light LSPs unless stated otherwise.
The quantities AM and z represent the absolute mass difference between the primary sparticle and the LSP, and the difference between the intermediate
sparticle and the LSP relative to AM, respectively, unless indicated otherwise.
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The Story So Far i
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LLP searches at the LHC
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displaced Kinked tracks
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LLP searches at the LHC

CMS MTD
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LLP searches at the LHC

CMS MTD
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Neutral LLP Topology s

* Possibly most to study
something neutral that decays
semi-invisibly

e Typically studied by counting R Ste
displaced secondary vertices @~ .
in events with large Missing
Transverse Momentum (MET)

e However, just by knowing the
velocity of the LLP, the MET,
and the energy/momentum of
the visible system we can PV
RECONSTRUCT the entire
event!
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Details of this Study ..

e SUSY Electroweakinos
e Detector smearing is modeled from a

* Masses of order 100s of GeV  ompination of MadGraph, Pythia and
and sometimes compressed Delphes
QLab State C :
e Analysis is performed with RestFrames
O Decay States

e Resolutions motivated by a public CMS

Olnvisible States @ HL-LHC run card from Delphes

@ * Primary vertex resolution ~ 20 pm

e Secondary vertex resolution ~ 65 pm

@ @ e Timing resolution ~ 30 ps unless

otherwise noted

H ! H ! e Timing layer in CMS is hermetic
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Mass Sensitive Variables .«
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in the LLP rest frame
other half of the event
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Measuring Absolute Masses ;...

KANSAS
RestFrames Event Generation 3220 5“(20* Za(ll) %be(ll) 5210
0.025—
* By incorporating the o onk
measured MET we can ~
now calculate an absolute 3| oot
mass sensitive quantity IZ‘6 o

0.005

BLLP,T - (BT + Pvyr)

—
Yorp ‘ 6 LLP,T‘

0

Mrprp = !
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Measuring Absolute Masses ;. .«
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Masses with two LLPs e

* Even with two LLPs we can still determine each LLP mass almost independently
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Masses with two LLPs

THE UNIVERSITY OF

KANSAS

* Even with two LLPs we can still determine each LSP mass almost independently
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Full Event Reconstruction

» Masses are the most interesting quantity but we can also
measure the decay angles

. ~0 ~0 ~0 ~0
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e LLP Mass = 400 GeV, LSP Mass = 350 GeV
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Full Event Reconstruction

* Masses are the most interesting quantity but we can also
measure the decay angles

* The cosine of one of these angles is correlated with mis-
measured events
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* LLP Mass =400 GeV, LSP Mass = 350 GeV
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Relative Mass Resolution

e Evaluated the mass resolution as a function of timing resolution and other uncertainties
* 30 ps time resolution is well motivated by these results!

 LSP mass resolution improves for larger LSP masses

0
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Outlook RANGAS

e Hermetic precision timing detectors during the HL-LHC will provide new information

e With timing information we are able to measure and see LLP masses in previously
under-constrained final states

 Now, counting experiments can become bump hunts!
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Summary KARISKS

e With new information we can reconstruct events that
were previously

* |n addition to determining masses in events with neutral
LLPs, this study has quantified how the performance of
the mass reconstruction depends on timing resolution

e Future work will consider how to best confront
backgrounds and incorporate full detector effects
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Reconstruction

Reconstruction Efficiency [%]
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