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Workshop Structure

This Intro
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Outlook
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Davy 2
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Searches
(at colliders and
beyond) -

with focus on
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+ Day 1 — An Overiew of the Landscape

Higgs boson production at the LHC

Dark Matter

ADVANTAGES DISADVANTAGES

Definitely there e We can only see it
gravitationally
There is so much, we can
see it gravitationally ¢ We mostly know what it is
not
It is stable
e Notevensureitisa

Points to a whole new particle
sector - o
S| O"eﬂl\iﬂ
eot no
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* Day 2 - Direct BSM Searches

OB DR Comnarison of Collider and Direct Detection

Spin-independent
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Tina Potter, University of Cambridge 12 Ben A”anach
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e Can we directly discover the Z’ particles responible?
e Simplified models

e Third Family Hypercharge Model N\om
e General SMxU (1) model

anes

Cambridge Pheno Working Group

Science & Technology
Where data and theory collide Facilities Council




T Day 2 — (Non-EFT) SM Approach to BSM

Advantages

> Can compare directly to MC

without simulating the detector

Grow

Monte Carls a
o Quick and CPU-cheap Modelling ‘Z‘a'i
o Easy toscan wide parameter
space

o Accessible to everyone
o Canupdate if SM modelling

L]
. |
improves Interpretations: Dark Matter
> Not targeting specific process ATLAS Vs=13TeV,3.21b"
. . egs o s 3 Axial-vector mediator
o Malnta_ln sensitivity to many & 350 = Dirac fermion DM
scenarios e J g =025g =1
£ 300 =
3 O Py + jets)
B PLNIT777770 A — e oI+ jets)
200 T === Expimit 95% CL (+1G,yy)
o === Obs. limit 95% CL (+10jur ")
150 — 4555%: Perturbativity limit
- Relic density
100 — e Exp. PRD94 (2016) 032005
Jeemee Obs. PRD94 (2016) 032005
50 —
0 =

o 500 1000
m, [GeV]

S-channel WIMP production

> Scan over mediator mass and DM mass

> Limits competitive with existing reconstruction-level analysis in mono-jet final
state

> Use 95% CLs method and include correlations between all bins of all
distributions in covariance matrix 27




+
Strategy for LHC Run3 and Beyond

Strategy for Run3 and beyond

| think that our community is becoming more data-driven. Experimental results will
have to guide the HEP community to the next stages of exploration. T\\ ‘Bﬁe'ﬂ.
i 1

Anything missing in search programmes?

+ | am not aware of significant gaps in model / parameter space,
perhaps not surprising given large community effort (~2 x 3000 exp physicists +
th community) over past ~decade.

* New triggers for Run3 and beyond may create opportunities ... requires good
ideas and hard work!

» Long-lived particle searches:

» | am a very excited about the LLP programme,

) + but | often hear: “There’s still a lot of missing analyses / model space to be
As long as no clear signs of NP = covered”. | have not found many significant ‘holes’.

broad and diversified search and measurement programme. + For example, SUSY search coverage of LLP appears fairly robust.
Example, study of sensitivity (gaps) between searches for prompt and long-lived
particles in ATLAS-CONF-2018-003.

- Eifert - Drect searches for LTC Run 3 end beyond - Workehop at Durham - Sep 2012 - Exotica offers, as often, many crazy signatures. Are there signatures that we are

not yet covering (i.e. completely uncovered ground)? Please let me know if you
know one!

» New detectors (incl. LHC det. upgrades) can extend BSM reach.
+ | haven’t considered much FIPs ...

I. Eifert - Direct searches for LHC Run 3 and beyond - Workshop at Durham - Sep 2019
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Theory Uncertainties

JET-VETO RESUMMATIONS

< The zero-jet cross section is an example of a two-scale observable, affected
by logarithms L = In(M/p; veto) that need to be resummed at all orders

o = o0 (1-20, 202 L)
t,veto

Lgi(asL) 1o ok o, Bt
O0—jet ~ 00 € LL X Gg(asL) + asG3 (aaL) Sroan
e A

NLL NNLL

S
R
OO0 A,Jg.n'b.l

22

CONFIDENCE IN THEORY

« One can assign a degree of belief to theory uncertainty under the

assumption it is dominated by the lowest missing PT order
[Cacciari Houdeau 1105.5152]

Bagnaschi Cacciari Guffanti Jenniches 1409.5036]

i [pb] ey
k=2
[ T =06)
201 n DoB =068
Dot =058
. -10 -5 B 10 \SA-"IN
10 pp_ 2L i) st 1
@ CH (4, =06, DoB =095) s e k=4
o= CH (A, = 0.6, DoB = 0.68)
5 - Scale Variation (r=4)
e Scale Variation (=2)
T k=2 k=3 k=4 L N e e LU

perturbative order

« In general, there is no established procedure to translate scale
variations into confidence intervals for theory predictions

29
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Day 3 — EFT (Theory & Experiments)

© Nick Wardle 2019
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Day 3 — EFT (Theory & Experiments) l
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Early Career Researchers

Excellent ECR session #1

(Julia Staedle, Daniela
Koeck, Joey Reiness)

Equally excellent ECR
session #2

(Fabrizio Trovato, Elliot Reid,
Jonathon Langford)

Thank you and
well done - the
future 1is yours!




*.
Thank You and Goodbye

goodbye

m Our warmest we e goes to all participants and
particularly to all our speakers

m Thank you for joining us at a busy time of the year

m A special thank you goes to IPPP
m For the excellent organization and hospitality

m And for their generous financial contribution to the
organization of this workshop through my Senior
Experimental Fellowship (2018-19) award

m https://www.ippp.dur.ac.uk/senior-experimental-fellowships2018-2019
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* The Best Slide Prize

We are happy with any beyond the Standard Model
roof

© Ben Allanach 2019



We are happy with any beyond the Standard Model
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Until next time!




