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What are they good for? Are they good for things?? Let’s find out!
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o What does this search actually constrain? Needs a translator!
e What if | don’t care about mSUGRA?
e What if my sleptons are above LEP limit?
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What are they good for? Are they good for things?? Let’s find out!
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e What does this search actually constrain? Needs a translator!
e What if | don’t care about mSUGRA?
e What if my sleptons are above LEP limit?
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What are they good for? Are they good for things?? Let’s find out!

1 M H I I T, production, T~ b 117 /T~ ¢ 7, /T~ Wb, /T~ % Status: Moriond 2017
. Motivated by complete models B A
3 700/— ATLAS Preliminary \s=13 TeV 4
= r Tt 7 T~ WHE 10L 36.1 fo"! [CONF-2017-020] ]
g,: r T3 L 13.2 fo [CONF-2016-050] b
600— Wby 2L 13.3 1! [CONF-2016-076] =
A MJ 321" [1604.07773) B
[~ \s=8Tev,201" Run 1[1506.08616] ]
500(— 4
[ — Observed limits ---- Expected limits Al limits at 95% CL 3]
o S ]
400— —
00 e, ]
Loy, ]
100~ i;
[ wex”
ooty P OO OO PN oo
200 300 400 500 700

m;, [GeV]
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What are they good for? Are they good for things?? Let’s find out!

1. Motivated by complete models

2. Clear & Minimal
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What are they good for? Are they good for things?? Let’s find out!
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What are they good for? Are they good for things?? Let’s find out!
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What are they good for? Are they good for things?? Let’s find out!

T, production, T~ b 117 /T~ ¢ 7 /T~ Wb, /T~ 1% Status: Moriond 2017
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What are they good for? Are they good for things?? Let’s find out!

T, production, T~ b 117 /T~ ¢ 7 /T~ Wb, /T~ 1% Status: Moriond 2017

1. Motivated by complete models
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Ideal simplified model does all — what should be prioritized for LLPs?



Motivation

Motivated Simplified Models: tie into “motivated” models

Gauge Mediation

Higgs Portal
Anomaly Mediation

Hidden Sectors
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Motivation

Motivated Simplified Models: tie into “motivated” models

Gauge Mediation

Higgs Portal
Anomaly Mediation

Motivation: useful for choosing a model, but don’t take too seriously
Evans (UIUC) LLP Simplified Models April 24, 2017 4/14

Hidden Sectors

But the LLP signature is motivation enough!



Minimal Simplified Models: few parameters, simple decay paths
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Minimality
Minimal Simplified Models: few parameters, simple decay paths

Comes for free! Decay mode set by signal of interest. Parameters:

e LLP decay path (b) X1

® CTLLP

* myp X2 X
X2.® *

e o (may be set by Q# & mass)
Moo vl s
X

Associated particles
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Minimality
Minimal Simplified Models: few parameters, simple decay paths

Comes for free! Decay mode set by signal of interest. Parameters:
e LLP decay path

® CTIIP di - b
e Myp - fl_ b
o (may be set by Q# & mass) < d;

# <
® Mprod d; ! d;

Associated particles

Single production? Models more subtle, but same idea holds
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Complementarity

Complementary Searches for Simplified Models

§-iii (RPV) Liu, Tweedie — 2015 JAE, Shelton — 2016
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Complementarity

Complementary Searches for Simplified Models
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e Complementarity is good!

o Allows for comparison of search strengths and weaknesses!
¢ (and nice multi-search summary plots)
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emnterpretations

Just the Data €

T

Pt SR
N G (150G, m v
[EFES EN)
L PO T N S — = S— T —
“aon i

o om o oar Ex

EXC R o som om0 s

o 1 T T s Ton o EX3
EEED B (R QT EX

= i e ED
PO Lz e o

- T - T rom o [
EEE T A Tnion o I

O e om0 T ion pey B
sibup e w0 ondg o 2500 oaz00s s
P T Lsoan 1750 s
sbes 20w el o 1500 am0a sws

LLP Simplified Models

o
[=|
=
A
el
=

> All possible models

BN EIR]



Heln!erpre!a!lons

Just the Data € > All possible models
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More ways of saying

We don’t see anything we don't see anything
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Reinterpretations

A Few Good Models .
Just the Data € > All possible models
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Reinterpretations
A Few Good Models

Just the Data € . — All possible models
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 Judicious choice of simplified models limits need to reinterpret!

e Shrink model space where educated guesses aren’t enough
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Reinterpretations
A Few Good Models

Just the Data € . — All possible models
PP PP e [
- AE B 4 A
1Y HAGIADAAE
il A A
22 4 L o [
A AP AAS L 44

m; (GeV)

 Judicious choice of simplified models limits need to reinterpret!
e Shrink model space where educated guesses aren’t enough

e What choice is most valuable???
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limitatons

° Many papers on expanding T, production, T~ b 177 /T~ o %, /T~ Wb % /T~ t%] Status: Moriond 2017
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° Many papers on expanding T, production, T~ b 177 /T~ o %, /T~ Wb % /T~ t%] Status: Moriond 2017
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° Many papers on expanding T, production, T~ b 177 /T~ o %, /T~ Wb % /T~ t%] Status: Moriond 2017
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Elmltatlons

e Many papers on expanding

T, production, T~ b 177 /T~ o %, /T~ Wb % /T~ t%] Status: Moriond 2017
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Limitations

e Many papers on expanding

T, production, T~ b 177 /T~ o %, /T~ Wb % /T~ t%] Status: Moriond 2017
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LLP Simplified Model Proposal

Choose a few simplified models that highlight the limitations of the
search and clearly illustrate where sensitivity is lost
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Along what axes could searches lose sensitivity?

Low cross-section

Short lifetime most searches cover these already
Long lifetime

Low LLP mass

High LLP boost (i.e. collimated decay products)

Low LLP boost
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Along what axes could searches lose sensitivity?

Low cross-section

Short lifetime most searches cover these already
Long lifetime

Low LLP mass

High LLP boost (i.e. collimated decay products)

Low LLP boost

Soft decay products (compression or low mass)

N o a s~ b~



Losing Sensitivity

Along what axes could searches lose sensitivity?

[y
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. Low cross-section

Short lifetime most searches cover these already
Long lifetime

Low LLP mass

High LLP boost (i.e. collimated decay products)

Low LLP boost

Soft decay products (compression or low mass)

Low overall visible event energy
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Along what axes could searches lose sensitivity?

[y

© © N o kA~ D

. Low cross-section

Short lifetime most searches cover these already
Long lifetime

Low LLP mass

High LLP boost (i.e. collimated decay products)

Low LLP boost

Soft decay products (compression or low mass)

Low overall visible event energy

{other issue specific to your search here}
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Losing Sensitivity

Along what axes could searches lose sensitivity?

[y

. Low cross-section

Short lifetime most searches cover these already
Long lifetime

Low LLP mass

High LLP boost (i.e. collimated decay products)

Low LLP boost

Soft decay products (compression or low mass)

Low overall visible event energy

© © N o kA~ D

{other issue specific to your search here}

Simplified Model is only useful if it shows the search losing sensitivity!!!

Evans (UIUC) LLP Simplified Models April 24, 2017 9/14



“e !'reaay RHOW | ”a!

§g production; §-gqx’

500 ‘ ‘ ;
| ATLAS
[ O-lepton +2-6 jets + E 1
4000 [ =13Tev, 3.2 "
S 300r ]
e EXCLUDED
£ 200} :
100}
ok ...
700 800 900 1000 1100 1200
mg (GeV)

Completely correct... but missing vital information



Displaced Dilepton

Many models can produce the displaced dilepton signature (u" ™)
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4. Soft decay products
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An Example

Displaced Dilepton
Many models can produce the displaced dilepton signature (u" ™)
Where can this search lose sensitivity?

1. Low cross-section / long or short lifetime
Almost any benchmark will do! Pick the “most motivated” one!

2 Low LLP mass Complementarity with lepton-jets?

3. High LLP boost (i.e. collimated decay products) l

Scalar resonance to two pseudoscalars pp —+ S — aa, a— p*pu~
for fixed xsec and lifetime (or vc7), (1) mavs ¢, (2) mg vs €

4. Soft decay products
SUSY higgsino + singlino, {° — S(Z* — ¢+¢7), fixed mg, Amvs e
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Once signal is below trigger thresholds restoring sensitivity requires
¢ Involving heavier states (if they exist)

e ISR

e Boost

Min/Zero bias

New trigger
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Triggering is a HUGE issue!!!

Several talks tomorrow and an entire working group focused on this...

Once signal is below trigger thresholds restoring sensitivity requires
¢ Involving heavier states (if they exist)

e ISR

e Boost

Min/Zero bias

New trigger <« this prescription may help identify paths forward!
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BUT...!?

Preempting some objections

1. Won't theorists just do these reinterpretations anyway?
Likely, but long timescale (and no one will / should believe us)

2. ltis hard to come up with a new benchmark
Ask a theorist! (Rinse. Repeat.)

3. The simplified model to highlight X is very contrived
Introduce as many elucidons as needed!

4. The simplified model to highlight X is excluded by Y and Z
If no other model exists, go for it (future generations benefit)

5. This is a lot of important work that makes the result more useful!



Conclusions

o Simplified models can clearly illustrate where a search is sensitive

e Use simplified models to highlight weak points in LLP searches

o Strengthens the understanding of what is covered

Reduces the need for theorist reinterpretations

Spurs innovative techniques to access challenging regions

May motivate new triggering strategies

Moves toward complete coverage via complementary approaches
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¢ Working Group 1 will work on simplified models for LLP
searches this afternoon! Come join us!
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