| ast but not Least:
CMS Contribution

J. Antonelll

on behalf of the CMS Exotica long-lived subgroup

I J THE OHIO STATE UNIVERSITY

cMS,




TL;DR*
)
CMS has a broad program of long-lived (LL) searches that complements other

experiments

Limited experimental personpower means it's crucial to prioritize and optimize our
interpretation-related efforts

More communication could help identify gaps and improve coverage
* pbetween LL analysis groups within an experiment

* pbetween LL and “prompt™ analysis groups in an experiment

e pbetween experiments

* pbetween experimentalists and theorists

Timing of communication is key (early and often)

It's nontrivial to effectively distribute (re)interpretation-related information

Long-lived searches face many challenges; input from the wider community could help

*https://en.wikipedia.org/wiki/Wikipedia:Too_long;_didn't read
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CMS has a broad, growing LL program

Final state targeted

7 TeV

8 TeV

As signature-driven searches,

displaced SF dilepton pairs 1211.2472 | 1411.6977 in’[erpre’[ation IS Not the primary
displaced p-p pairs in muon system 2005761 : L
ERS L 4 focus; we avoid optimizing to a
displaced e-p pairs 1409.4789 .
displaced p-p pairs (dark photons) 1506.00424 partlcular benchmark model
displaced photons using ECAL timing | 1212.1838 | 2063495
displaced photons using conversions | 1207.0627 | 2019862 We're in a d/scovery phase of
displaced vertices to appear .
_ P . PP LHC data-taking; background-
displaced dijets 1411.6530
short, highly ionizing disappearing tracks thesis free searches should be done
disappearing tracks 1411.6006 quickly
Kinked tracks thesis
fractionally charged particles 1210.2311 | 1305.0491 - " :
| As a result, “in-house” recasting
heavy stable charged particles (HSCP) 1205.0272 | 1305.0491 _ _
stopped particles 1207.0106 | 1501.05603 @nd exporting of recasting
out of time muons thesis Inputs have been relatively rare

#om direct searches 13 TeV HSCP: 2114818

#o Indirect searches
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Direct comparison within CMS is not easily achievable

CMS long-lived particle searches, lifetime exclusions at 95% CL

RPV SUSY, T — bl, m(f) = 420 GeV

8 TeV, 19.7 fb™! (displaced leptons) _ T KOl b e rg
H—>XX(100/0),X—>ee,m(H)=125‘SieV‘,m(X)=ZOGeV _ Most an alyses Only
8 TeV, 19.6 fb™" (displaced leptons)
H — XX (10%), X — uu, m(H) = 125 GeV, m(X) = 20 GeV ConS | d er a S | n g |e
8 TeV, 20.5 fb™' (displaced leptons) _ )
— iIndependently chosen
8 TeV, 19.7 fb" (disp. photon conv.) . . .
GMSB SPS8, %, — G 1, (%) = 250 GeV - ThlS plOt IS gOOd for Slgﬂa| mOdel
8 TeV, 19.1 fb™" (disp. photon timing) '
RPV SUSY, m(q) = 1000 GeV, m(i?):150GeV . ShOWIHQ the range Of
8 TeV, 18.5fb" (displaced dijets) | | fe‘t | m e S ta rg e‘te d
RPV SUSY, m(q) = 1000 GeV, m(i?) =500 GeV M a ke S fo r a n a p p | e S tO
8 TeV, 18.5fb" (displaced dijets) . . .
AMSB%T,;@—>;Z?+n*,m(§§):200GeV _ Onlons Comparlson
8 TeV, 19.5 b (disappearing tracks)
cloud model R-hadron, m(g) = 1000 GeV ( S O m e a n a | yS e S | OO k
artificially good/bad)
8 TeV, 18.8 fb™ (HSCP)
AMSB i, tan(p) = 5, u> 0, m(¢;) = 200 GeV
8 TeV, 18.8 fb™" (HSCP)

10* 10 1 10? 10* 10° 108 10'"° 10"
ct [m]

Exclusion comparison possibilities:

1. Lifetime exclusions for given mass (different models)

2. Mass exclusions for chosen lifetime (different models)

3. Exclusions in lifetime vs. mass plane (requires same model)

4. Exclusions in cross-section vs. lifetime plane (requires same model)
All choices have strengths/weaknesses

Simplified models would be very helpful, e.g. t=t+MET gives leptons and jets
a0
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Finding the gaps requires including prompt searches

prompt search(es)
displaced search(es)

Lifetime of X
Lifetime of X

ol

Mass of X

Mass of X

In principle, it's straightforward for
‘prompt” analysts to run over LL signal
samples, communication is the key

One example from CMS: y+MET search,
limits set on long-lived neutralino model
(1507.00359)

Examples of LHC LL recasting by theorists

t—t" G (GMSB) totv
10* g—r—ry ——— T T — 10% ‘ ‘ N
Theorists have room wE 105:/\ G|
. 10? ‘ %A : - 4- ‘ ATLAS—jet
for improvement NG . o 10°} NS
: : = 100 = e ] PR [0 SRR N N :SOCHLCS
in this area as well S S e SO i T
note gray boxes for P 10}
g y 107 S T E
10_4 F =102 TeV rom tsto ............................. -; 1 _./- --------------------------
prompt searches) R, W | |
200 400 600 800 1000 200 400 600 800 1000 1200
my (GeV) m: (GeV)
1503.05923 1505.00784
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Materials for recasting should be produced early

Recasting inputs are only useful if they're ;S s ot
available when recasting is happening . R B

e lepton reco. oo .

s efficiencies 04t .
Displaced e- (1409.4789) analysts produced % @s@functionofdo E

0 b.z“b!‘b.‘é‘b.‘é”%"Hfz“%féi‘%fg;gs;j;‘z[‘c‘r%z 06"b.‘z“b.‘ai‘b.‘é‘b.‘é‘“1”‘{2“ifai;re.‘it‘rgfga;z‘[;gjz

lepton flavor-specific efficiency curves as part

O f f|na| resu | 'I: %FO.; CMims:'mu/aﬁon Preliminary (8 TeV) %Jg()‘; CijijﬂiTy (8 TeV)
ort e
: . os |epton selection oe
Theorists recast preliminary result % efficiencies 2
(~1 year earlier) using information gathered 2 asafunctionofpr | e
from various other sources: mhon P (GeY erecton s, )

7 TeV tracking performance paper + S —

I + lteration 2
[ + lteration 3
Bl + lteration 4

ad hoc linear model Ny B

N

N

[amn 7
SF displaced dilepton search + 2By, o, mmtersiono

Track reconstruction efficiency

L

Earlier communication between

experimentalists and theorists

20 30 40 50 60
Radius (cm)

could improve recasting accuracy 1405.6569 1411.6977

B. Tweedie
x linearly-falling inefficiency vs Lz (to 55 cm)

and reduce the effort required
0

g
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it's challenging to effectively communicate our results

19.5 b (8 TeV)
Example 1: S40001- CMS Unpublished Constraints on the pMSSM
. . & sub-space (M = 3 TeV)
SUSY group, HSCP, and disappearing tracks search produced S —Unexcluded
[ rompt ct<10mm
separate pMSSM recasts 03000 — DiSs(a:p%. racks. )
! : : — 1 HSCP
It's good that we performed recasts for multiple signatures onto a =
. . . D) -
single model, but there are some limitations: =200
e . . C
1. Sensitivity of prompt searches to long-lived scenarios unknown »
: , : : . £10001
2. Potential duplication of effort having 3 recast efforts instead of 1 £
3. Because of differing timelines, recast comparison was not . N e o
: : : -15  -10 -5 0 5
included in any published document g, [ ot (m) ]
PhysicsResultsEXO 13006
3 19.7 b’ (8 TeV) .T;lun’!\"(lrgt::‘;_l loft. ) IEEESEN or as: input, plain text, AIDA, PyROOT, YODA, ROOT, mpl, DMeR,
510 E rrrrprrrr T T T e El:rcivonlrzuww impact paramotor distribution for data and oxpected round proCcessos after the presolction
5 E CMS éggﬁ&syst_ orrors mm'tmmwﬁwwwWMnmmr 10 acocount for the varying bin sizes.
Example 2: S10° = A —
0 mm Other EW
) 2 3 Top quark AE PP ->STOPSTOP
Analysts export bin contents & o5, T (or=0.1 om) s wono o
w AL i o ----tt(ct=1cm) i Cectonds INCM  @sta expected bachgreund 2+ te nr Other EW Top quark
. . - . —- 1t (ct=10cm) ~=r—Tl I= _ : : : :
Of DUb“C plOtS |nto HEPData; g -:" ey CTTTTIITITITIIIIIT o0 -0 & 90412 B4 404 a7 a1 622 4088
theorists use pdf parser moiponl ol e vmaam ommaems oo
iInstead, e.g. WebPlotDigitizer — 10%4 Fort L e T e o
10_3:| L N e |_ ?,‘ﬁ_o; — ?J:‘O'? ' 02:02 OC‘Y;:OC!‘ZS - 00.\;:0-(";
0 01 0-2 03 0-4 05 0~ 04 (SRS 2] Q08 » 004 om0 Q0T s 00T 0004 » O0CUS
Electron do [Cm] 04 -20 S 1900 008 107 s 0082 - 0044 4 D084

http://hepdata.cedar.ac.uk/view/ins1317640
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Long-lived searches face many unigque challenges

1. We often choose selections that reduce sensitivity to models we weren't considering
2. It's hard to know what material in what format is most useful for recasting

3. Developing trigger strategies is especially difficult

4. 1t's hard to know how recasting efforts should be divided between theorists and
experimentalists

On all of these issues, we would benefit from input from the wider LL community
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We should be planning for the future

We want to take full advantage of CMS upgrades for HL-LHC
* High granularity calorimetry

* Precise timing detectors

* Increased forward tracking acceptance

We want to retain sensitivity to LLPs at HL-LHC
* Ability to measure energy loss in tracker

* Track trigger acceptance for displaced tracks
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