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Questions for discussion:
1) is @ comparison on this plane reasonable?
2) what uncertainties (e.g. production uncertainties) uncorrelated with
non-collider results should be included in the EFT limits, and how?
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http://arxiv.org/abs/1502.01518
http://lanl.arxiv.org/abs/1408.3583
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Proposal slides from Bristol workshop (1407.8257)
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https://twiki.cern.ch/twiki/pub/LHCDMF/WebHome/proposal_vector_scalar_schannel.pdf

SIMP MODEL REINTERPRETATION (FEEDBACK FROM DARK MALT WORKSHOP)

Example of vector mediator (Z'-like)
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EFT VALIDITY, TRUNCATION AND USE J)

Commonly used benchmark at colliders:
Contact Interaction (Effective Field Theories)

" Cl approximation valid if
Qtr < I\—'{[uu':,f_l

(minimal constraint)

" DM

i

Truncation procedures available
EFT Operators (see backup, slides from this morning)

arxiv:1008.1783

Question for discussion:
1. Is this EFT/CI still a viable/useful benchmark for colliders?
If so, how to make sure its caveats are known =
Can/should we do something about its validity?
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http://arxiv.org/abs/1008.1783

SIMPLIFIED MODELS LIMITS AS EFT LIMITS? b

Question for discussion:
what about experimentalists only give an EFT-like limit coming from
simplified models with very high mass mediators?

,% S v mo50GeV.I- Mmedgn' ATLAS Simulation Internal — You don't want to use
= i —400GeV, M3 \S=14TeV, Ef'*>400 GeV - an EFT here (it would
= - =4 ~Mreq/8T f Lt=25f0" B be too conservative)
4— \ 9,9, contours i
- [__]non-perturbative regime /. : 7 ) )
Jf oo EFTms i Region of interest for
- : EFT limits: Mmed > X
: o ] 3. Find x. We would need to study
21 ' Lo, N M" the “turn-on”:
- ‘ o < generate more points
C Yere it 4o around on/off-shell region
1_
- You don't want to use
0_i| r— e i i N SAYANAYNN, \ an EFT here (lt WOUld
-1 D .
10 1 X 10 contain invalid events)
M. g [TEV]

Discussion on DM @ colliders — MITP Dark Matter



MAPPING OF SIMPLIFIED MODELS AND EFTS

Question for discussion:

s it easy for theorists to map simplified model back to an EFT?

Commonly used operators for collider searches

(distinct kinematics/ SD/ID differences)

Name | Initial state Type Operator

C1 qq scalar % xTxdq

C5 99 scalar Elfg-xfxas((}‘fw)?
D1 qq scalar %quq

D5 qq vector Wiv“xémq
D8 qq axial-vector ﬂf_}f XYHAP x@’m*ﬁ q
D9 qq tensor %2- XotY xqouvq
D11 gg scalar lef-)'(xcxs((?fw)Q
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PRIORITIZED LIST OF SIMPLIFIED MODELS FOR ATLAS/CMS 8

Prioritized list of models Prioritized list of models
for jet+MET search for W/Z/y+MET searches
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Question for
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EFT validity?
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Question for discussion:
Are we missing something?

What about colored vector t-channel / charged
(heavy fermion) mediators

",
o . X
5"5.?."..'3' "(

o X

More models for ttbar+MET
searches, single top+ MET searches
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SIMPLIFIED MODELS FOR ATLAS/CMS SEARCHES

Further questions for discussion:

1) Should we constrain the initial state partons to light quarks only
(done so far) or turn on heavy quarks?

2) is it useful to draw a distinction between mqg-dependent/ Yukawa EFT
coefficients and those without (= MFV)?
Are the variants well-motivated?

3) what about spin-2 mediators?’
|s this covered by combinations of tensor EFT?

4) if we see no signal, are there higher dimension mono-jet-like
operators that would become well-motivated?

5) how do we proceed in case of signal
(see Emanuele's talk, other ideas?)




REINTERPRETATION 10

ATLAS Exotics Searches* - 95% CL Exclusion ATLAS Preliminary

Status: March 2015 JL£dt=(1.0-203)fb? 5=7,8TeV
o r“ o 1

*Question for discussion:
s what we provide to theorists sufficient for reinterpretation?
Example: http://hepdata.cedar.ac.uk/view/ins 1308524

1) signal cut-flow (not always provided)
2) tabulated lists of backgrounds (different variables)
3) tabulated limit plots for benchmarks

On wishlist:
4) bin-to-bin background correlations

Tos Wt Ten 21025) v 200 |G Proiminay
w Excited quark g° — qy 1y 1] - 20.3 only u* and d*, A = mig") 1309.3230
E Excited quark g* — gg - 2] - 203 only u” and &, A = mig’) 14071376
Excited quark b* — Wt lor2epib 2jori] Yes 4.7 b" mass 870 GeV left-handed coupling 13011583
Excited lepton (* — £y 2e,uly - - 13.0 h=22TeV 13081364
Excited lepton v* — (W, vZ deurT = = 203 A=16TaV 1411.2921
LSTC a7 — Wy 1epu 1y - Yas 204 078150
LASM Majorana v Zeu 2 = 21 mi Wg) = 2 TeV, no mixing 1203.5420
Higas triplet H*= — ¢ 2 e u(588) - - 203 O production, BR(H' — ¢f)=1 141 2.0237
Higgs triplet H*= — i1 de,uT - - 20.3 DY production, BR{H — fr)=1 14112821
Monotop (non-res prod) 1eu 1b Yesg 20.% | spin-1invigible particlemass B57 GV a . =02 1410.5404
Multi-chargad particles - - - 203 O production, g = 5e Preliminary
Magnetic monopolas - - - 20 D production, |g] = 1go 1207.6411

M | M " " PRSI e | " M PR R S R | M M M "
10 1 10 Mass scale [TeV]

“Only a selection of the available mass limits on new states or phenomena is shown.
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http://hepdata.cedar.ac.uk/view/ins1308524

BACKUP SLIDES
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EFT OPERATORS FOR MET+X SEARCHES

12

Name | Initial state Type Operator

C1 qq scalar %‘%— XT Xqq

CbH qgg scalar jEXTXQS(Gﬁu)Q
D1 qq scalar :—;‘1’5 XXq9q

D5 qq vector %E— XY xqv..9
D8 qq axial-vector m_}"f XYH AP x@*m*y!aq
D9 qq tensor %E_ XM xqo v g
D11 qg scalar Wli,f)_(xﬁxs((?ﬁuﬁ

Caterina Doglioni — Dark Matter at ATLAS - MITP Dark Matter



MONO-JET PROSPECTS AND EFT VALIDITY aripuvs-pue 2012007 13

Early DM searches: what do we gain/lose from CoM increase?

@ Current monojet analysis: systematically limited at low MET, statistically
limited at high MET — How high can we reach in Mx* at 14 TeV?

@ Will we have problems with the EFT validity at a higher CoM energy?

Somehow counterintuitive results! Competing effects:  Qu < VgsmgpmM®
@ Higher MET = higher Qtr (weak correlation: MET smeared by detector)

@ Increase of reach in M* = higher limits to start with = increased validity
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2014-007/

EFT VALIDITY: IS TRUNCATING A SOLUTION?

ATLAS: arXiv:1502.01518
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Can we simply remove invalid events
and have conservative limits at all times?
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Coupling perturbativity + s-channel mediator
Antonio Boveia, Caterina Doglioni — ATLAS/CMS DM Forum - Exotics Plenary
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http://arxiv.org/abs/1502.01518

EFT VALIDITY TRUNCATION PROPOSAL (ATLAS) — aras-ecersozonsiz

q o o | Valid if Connect mediator mass and EFT scale A:
Eome” need information on theory completion
Qtr < ;\"Iulcd . ..
N _ — coupling-dependent condition,
(minimal constraint) | acise and well-defined within choices

7 " DM

Operator(s) Relation between Mmeq and M. Coupling term range

D1 Mued = /Ya8x VM2 /mgq 0 < /Vq8x < 4m
C1 Mumed = Ya A Cx M2 /myg 0 < yoACa < (7)°C
D5, D8, D9 Mined = 1/8q8x M. 0 < /B8y < 47
D11 Mmed = ¥/agyx M. 0 < ¥agy < V16w
C5 Mmed = v/a \Cx M. 0 < /aA O < 4/7n

Key parameter for truncation: Rﬁt . =fraction of events passing Qu < Mued

Two equivalent procedures:
cross-section truncation, corresponding only to valid events(used in 8 TeV papers)
iterative rescaling of M* limits after determining R (used in 14 TeV studies)

Antonio Boveia, Caterina Doglioni — ATLAS/CMS DM Forum - Exotics Plenary


http://arxiv.org/abs/1502.01518

ALTERNATIVE EFT VALIDITY TRUNCATION PROPOSAL .x.ismos: 16

do/dFE .
Naive EFT 1
s-channel mediator _ 5 — .5
t-channel mediator EEFT B _:l'ff (er 'r X) ( Z 7 Q’)
FFT flavours
|r'.-.-_m < .‘..r.-_u:
Mcut = g*M*
M,
Eem - only depends on
arameters of the EFT
» We restrict the signal to the events for which P

as opposed to needing
information on UV

El:m < il‘l‘fcut 7

where Em is the total invariant mass of the hard final states of th

completion
reaction: (still, physical
- )2 interpretation
Eem = V3 = \/(p“(DMl) +p#(DMa2) + prjet)) nterp |
requires assumptions)
» Indeed, the following always holds:
ignal ignal - can be scanned
J‘flrﬁzamodel > J-ilngrrrssp. EFT ) {Mcm'
Thus we obtain conservative but reliable limits.

Davide Racco

Robust collider limits on heavy-mediator Dark Matter

Antonio Boveia, Caterina Doglioni — ATLAS/CMS DM Forum - Exotics Plenary


http://arxiv.org/abs/1502.04701

MORE ON EFT VALIDITY TRUNCATION PROPOSAL oo 1

Comparison with the simplified model

1500

== Simplified Model
--- Naive EFT
— EFT, Moy =mpeq

Direct comparison with
simplified model:
shows very (too?)
1| conservative region after
- truncation

— e e mEm e

S

3000 4000 S000 6O00 T0O00
Mped [GEV]

1000 2000

@ Blue line: from model-independent limit, with the identification
2m _
_"'rf* = T, i"'ffcut = 1.
gpMm
@ Red lines: only from the resonant production of the mediator.

The EFT limit is complemented by the limit from the resonant production.
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http://arxiv.org/abs/1502.04701

MODELS WITH DIRECT BOSON-DM COUPLING FOR DIRAC DM 18

q v

Dimension-7 operators

v related by gauge invariance

— choose benchmark points for k1/k2
that are easy to reinterpret

q

k3
1. Dimension-5 model Jos. = A3
- Possible choice of 2ko
initial benchmark ~ gww = — AB
so, Ao
1 (kl Stzu kg(jgu)
9zz = +
4s2 A2\ 2 s2
Possible choice of 1 ky+ ko
initial benchmark vy = :
4c2 A2
scalar g 1 (1@ fﬂ)
Zy = 3 2 2
pseudoscalar, 2swCwlhz 5y, ¢
(can be reweighted Monophoton/monoZ: no different in kinematics
from scalar) from choice of k1, k2 = choose favourable x-sec point

UV-completion is possible, but not covered in Forum
Validity criteria under discussion — input?

Caterina Doglioni — Dark Matter at ATLAS - MITP Dark Matter
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