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Outline of the workshops
MIAPP: Dark MALT MITP: Effective Theories and DM

This Science Coffee: 
an ATLAS experimentalist's perspective on DM

after presentations and discussions 
with theory/Direct Detection researchers

Invited by the organizers 
to present and discuss Run-1 

ATLAS results on DM

Applied to discuss interplay 
between theory, collider and  

other experiments in DM 
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My (formal) interests in these workshops

● ATLAS Astroparticle Forum:

– Mandate: 
● Enhance contribution of ATLAS searches and measurements to 

open problems in cosmology and astrophysics
● Perform joint measurements with other experiments towards 

answers to those problems
● ATLAS/CMS Dark Matter Forum

– Mandate: 
● Agree upon benchmarks models for DM searches at ATLAS and 

CMS for the upcoming LHC run
● Establish solid grounds of comparisons between experiments for 

Contact Interaction benchmark theories (“Effective Theories”)
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Recap  What we know about dark matter:
F. Zwicky – Coma cluster: mass vs light output V. Rubin – Velocity of gas near Andromeda galaxy

Source: NASA Source: NOAO

Chandra/Hubble (NASA) – Visible mass of bullet cluster
vs dark mass inferred from gravitational lensing

Planck – Dark matter vs standard  matter standard  matter composition
using CMB (temperature) fluctuations

1930

2006
2013
-now

1970s
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What we don t know about dark matter'
Tim Tait, DM@LHC 2013

https://kicp-workshops.uchicago.edu/DM-LHC2013/depot/talk-tait-tim.pdf
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What we don t know about dark matter'
Tim Tait, DM@LHC 2013

Source: NASA

What the h*** are you

https://kicp-workshops.uchicago.edu/DM-LHC2013/depot/talk-tait-tim.pdf
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What we would like dark matter to be

Source: NASA Source: NOAO

(Our) preferred DM candidate 
matches cosmological observations (e.g. thermal relic density):

dark, stable, cold, weakly interacting with SM 
particles, mass of up to a few TeV  a → WIMP

Complementarity between different experiments:
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Keeping our minds open
http://en.wikipedia.org/wiki/Streetlight_effect

A story that an Iranian neutrino physicist told 
me during one lunch at MIAPP: (credits also to A. Boveia)

One late evening Nasreddin found himself walking home. It was only a 
very short way and upon arrival he can be seen to be upset about 
something. Alas, just then a young man comes along and sees the 
Mullah's distress.

"Mullah, pray tell me: what is wrong?"

"Ah, my friend, I seem to have lost my keys. Would you help me search 
them? I know I had them when I left the tea house."

So, he helps Nasreddin with the search for the keys. For quite a while the 
man is searching here and there but no keys are to be found. He looks over 
to Nasreddin and finds him searching only a small area around a street 
lamp.

"Mullah, why are you only searching there?"

"Why would I search where there is no light?"

"Nasreddin (17th-century miniature)"
 Topkapi Palace Museum Library

http://en.wikipedia.org/wiki/Streetlight_effect
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Searching for DM under/away from streetlights 

Another workshop needed:
http://tomerv.wix.com/lightdm

Selected topics in today's talk: 
● Interpretation of hints from the galaxy

– Galaxy center photon excess

– 3.5 keV photon line
● Details of WIMP dark matter 

– Comparison of Colliders and Direct 
Detection experiments

● Contact interactions and their validity
● Low-WIMP-mass results from CRESST

– Searches for DM (and mediators) at 
colliders 

http://tomerv.wix.com/lightdm


Hints from the galaxy ?

Science Coffee, Lund University, 16/04/2015

Slides and pictures taken from:
● C. Weniger - Annihilation Phenomenology (MITP Workshop)
● C. Weniger - Fermi Gamma Ray Excess (MIAPP workshop)
● H. Min Lee - SUSY Higgs portal and gamma-ray lines (MIAPP workshop)

https://indico.mitp.uni-mainz.de/getFile.py/access?contribId=22&sessionId=31&resId=0&materialId=slides&confId=25
http://users.ph.tum.de/ga24wax/2015_W1_slides/Weniger.pdf
http://users.ph.tum.de/ga24wax/2015_W1_slides/Lee.pdf
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Photons from dark matter

C. Weniger
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Where/how to look for photons from dm

Fermi Large Area Telescope
https://www-glast.stanford.edu/

C. Weniger

https://www-glast.stanford.edu/
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Searches in the Center of galaxy  in a nutshell,

C. Weniger
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history and characterization of an excess

First paper: http://arxiv.org/abs/1010.2752 Residuals can be
fitted with signal from 

DM annihilation into b-quarks
 fueled b-flavored →

Dark Matter models

More recent analysis presented
at MITP workshop:

http://arxiv.org/abs/1409.0042

http://arxiv.org/abs/1010.2752
http://arxiv.org/abs/1409.0042


C. Doglioni - DM Workshop Summary - Lund Science Coffee 15

Updated study of the excess
http://arxiv.org/abs/1409.0042
http://arxiv.org/abs/1411.4647

● Excess morphology: 
– Excess is spherical, uniform, behaves like a power law

● Uncertainties on spectrum: 
– New estimation of theoretical and empirical systematics
– Treatment of correlated uncertainties in fits

● Characterization of excess in terms of DM annihilation: 
– Good fit for gluon and (heavy) quark final states, but preference 

for higher DM masses wrt previous studies
– Exclusion of WW/ZZ-annihilating DM (w/caveats), but not HH
– Not excluded: point sources, lepton burst events

http://arxiv.org/abs/1409.0042
http://arxiv.org/abs/1411.4647


C. Doglioni - DM Workshop Summary - Lund Science Coffee 16

Example Results  fits with uncertainties:
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Searching for x ray lines-

H. Minh Lee

XMM Newton
http://xmm.esac.esa.int/

http://xmm.esac.esa.int/
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The x ray line at - 3.55 kev
H. Minh Lee

Possible interpretations:  Sterile neutrinos, Axion-like scalars, Magnetic DM, 
SUSY Higgs-portal models...or none of them? http://arxiv.org/abs/1408.1699

http://arxiv.org/abs/1408.1699
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Fun from A popular hep blog...
http://resonaances.blogspot.com.br/2014/03/weekend-plot-all-of-dark-matter.html

http://resonaances.blogspot.com.br/2014/03/weekend-plot-all-of-dark-matter.html


Wimp dark matter

Science Coffee, Lund University, 16/04/2015

● Slides and pictures taken from:
● R. Strauss - CRESST low-mass results (MIAPP Workshop)
● Discussion on DM at colliders (MITP workshop)
● Mini-workshop on DM at colliders (MIAPP Workshop)

http://users.ph.tum.de/ga24wax/2015_W1_slides/Strauss.pdfhttp://users.ph.tum.de/ga24wax/2015_W1_slides/Strauss.pdf
https://indico.mitp.uni-mainz.de/getFile.py/access?contribId=40&sessionId=29&resId=0&materialId=slides&confId=25
http://users.ph.tum.de/ga24wax/2015_W1_slides/collider.pdf
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cresst direct detection in a nutshell

R. Strauss

CRESST
http://www.cresst.de/exp_overview.php

Larger 
detector

Better
performance

Talk by J. Schiech

http://www.cresst.de/exp_overview.php
http://www.dkpi.at/wp-content/manual-uploads/vces2014_talks/01-fr/10-Schieck.pdf
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Detector improvements for low mass search-
http://arxiv.org/abs/1407.3146

● Upgrade towards CRESST-II:
– Radio-pure, scintillating support structure

● Backgrounds from previous Pb support structure problematic

– New design for scintillating target (at TUM)
– Veto of low-energy surface backgrounds

● Using scintillating module shell signaling alpha particles

– Low trigger threshold (0.60 keV)
– Background-free from 12 keV

● Using a single upgraded detector module, 
29.35 kg/live days (2013)

http://arxiv.org/abs/1407.3146
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Principle and practice of recoil detection

R. Strauss

● Exploit light yield to distinguish recoil types

● Much less background than previous run (Run32)
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Recoil results in region of interest

● 79 events in red found in acceptance region

● No reliable background simulation yet: set limit, treat as signal

● Bonus: previous CRESST excess has been excluded and understood 
(possible background from support structure)
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new cresst limits for low wimp masses

Bonus: previous CRESST excess has been excluded and understood 
(possible background from support structure)



C. Doglioni - DM Workshop Summary - Lund Science Coffee 26

Projections for full cresst II- /upgrades

Talk by J. Schiech

http://www.dkpi.at/wp-content/manual-uploads/vces2014_talks/01-fr/10-Schieck.pdf


C. Doglioni - DM Workshop Summary - Lund Science Coffee 27

Projections for full cresst II- /upgrades

Talk by J. Schiech

My (ATLAS) question at both workshops: 
why are there no collider limits in this plots?

http://www.dkpi.at/wp-content/manual-uploads/vces2014_talks/01-fr/10-Schieck.pdf
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Complementarity of dark matter searches

Caveat:
Model-dependent comparison 

Needs agreement 
on benchmarks and assumptions

especially on contact interaction 
benchmark models: only valid if

Complementarity of DD/ID and colliders:
this plot can still outline strengths of each of the 

experiments

ATLAS: arXiv:1502.01518
CMS: arXiv:1408.3583

(a problem for LHC energies, not for Direct Detection)

http://arxiv.org/abs/1502.01518
http://lanl.arxiv.org/abs/1408.3583
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Eft validity at colliders: Options discussed
● Do not consider EFT as a benchmark at all

Pros: Focus on simplified models
Cons: Theory community appreciates simplicity of EFT

● Keep EFT, untruncated
Pros: Keeps things simple for whoever knows how to use it
Cons: Will be misinterpreted, can't be compared to direct detection

● Truncate EFT (two methods available)
Pros: Consistent procedure, established within ATLAS
Cons: Model-dependent, takes away from EFT simplicity

● Only provide high-mediator-mass limit for simplified models
Pros: Equivalent to EFT to all effects, avoids validity problem by explicitly 
mentioning presence of mediator
Cons: Needs EFT for models without clear UV completion/limit
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Favored Option by mitp workshop participants 

Suggestion: experimentalists only give a Contact Interaction limit 
from models with explicit mediator, with very high mass mediators?

Don't want to use CI 
model here (it would 
be too conservative)

Cannot use an EFT 
here (it would contain 

invalid events)

Region of interest for 
EFT limits: Mmed > X

We would need to study 
the “turn-on”

X
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More on contact interactions at colliders

L. Bryngemark, from arxiv:1303.3348

Graphics by N. Zhou, F. Ruehr

   Dijet angular distributions
probe contact interactions

       → can reinterpret constraints 
in EFT framework for DM:

http://arxiv.org/abs/1504.00357

http://arxiv.org/abs/1303.3348
http://arxiv.org/abs/1504.00357
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Take home message for collider searches-
● Guiding principle for choice of Run-2 benchmarks:

How would a DM signal look at colliders? 

Additional handles at colliders
in presence of mediators:
 Direct searches for mediators

 Constraints on existing mediators
 Additional search signatures

EFT validity 
issues: 

 → sensitivity of 
LHC to explicit 

mediators

Run 2 searches 
shift focus to
simplified 

models
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Searches for mediators (lund atlas group)
   Dijet and dilepton searches

probe mediators directly

If it bleeds decays
in quarks, gluons 

or leptons
we can kill discover it

ATLAS arxiv: 1407.1376

http://arxiv.org/abs/1407.1376
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Searches for mediators (lund atlas group)
   Dijet and dilepton searches

probe mediators directly

If it bleeds decays
in quarks, gluons 

or leptons
we can kill discover it

DD constraints

Jet+MET
constraint

Relic density

LHC jj 
searches

perturbativity

http://arxiv.org/abs/1503.05916

Low-mediator-mass region 
(not covered by high-mass

dijet searches) will be investigated
by Lund ATLAS group

(see my Nov 6th Science Coffee)

Level-1
Coarse jets

Level-2
Simple jets

High Level Trigger

Event Filter
Full-fledged jets

http://arxiv.org/abs/1503.05916
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Searches for wide mediators (lund atlas group)
Problem: dijet search background estimation fitted to data 

may not be sensitive to wide resonances
 Dijet angular searches → are good tools to also look 

for wide s-channel DM mediators
arXiv:1210.1718

0.6)

1.7)

Graphics by F. Ruehr

http://arxiv.org/abs/1210.1718
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More on Lhc run-2 simplified models  DM forum:

Many possibilities 
to be used as building blocks:

 
This Forum will agree upon:

 

 - Prioritized set 
of simplified models

- Common model implementation 
and details (e.g. matching, scales)

towards MC generation of benchmarks 
 

- EFT validity assessment procedure
 

This Forum will document:
 

models and choices
(arXiv write-up + SVN repository)

ATLAS/CMS Dark Matter Forum:
experiment/theory discussion towards early Run-2 DM searches 
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● Does the kinematics change between model/model points
● Does the model add new, uncovered signatures? 

If so, we need to generate these models/model points
If not, we give theorists sufficient information to reinterpret

List of simplified models and parameter scan

● First guiding principle: how will (WIMP) DM look like?
● Further guiding principles for benchmark model choices: 

– Practical for experimentalists (MC generation)

– Useful for theorists and DM community as a whole

Write-up: outline other benchmarks and possibilities to be investigated in future searches
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Example  jet: +MET  List of simplified models,

1. s-channel vector/axial vector mediator

2. s-channel scalar/pseudoscalar mediator
(top loop explicitly calculated)

3. t-channel colored scalar mediator

Benchmark models for jet+MET searches:
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jet+MET  scan for s channel mediators: -
Free parameters: mediator width, couplings,  m

DM
, m

Mediator
 

D. Salek's talk at DM Forum 12/03/2015

3. DM/mediator masses: 
- scan based on on/off-shell regions
- scalar and pseudoscalar grid takes into account ttbar threshold

https://indico.cern.ch/event/379191/session/2/contribution/8/material/slides/0.pdf
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jet+MET  scan for s channel mediators: -

D. Salek's talk at DM Forum 12/03/2015

Free parameters: mediator width, couplings,  m
DM

, m
Mediator

 

1. mediator width: 
- use minimal width (no additional visible/invisible decays except 
for quarks and DM), for all MET+X searches
- upper bound on width  upper bound on couplings→

2. couplings: 
- no dependence on kinematics on coupling chirality
- cross-section scaling along lines of constant width  fix one →
coupling, scan on other coupling 

https://indico.cern.ch/event/379191/session/2/contribution/8/material/slides/0.pdf
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Dm complementarity with simplified models
Suggestion from MIAPP discussion: 

complement DM-nucleon plots with the following plots

Proposal slides from Bristol workshop (1407.8257)

https://twiki.cern.ch/twiki/pub/LHCDMF/WebHome/proposal_vector_scalar_schannel.pdf
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conclusions

Dark Matter: extremely active topic in HEP
all researchers benefit from cross-talk for dedicated period of time

 → workshop format very useful in bringing together theorists and 
experimentalists (shall we try and organize one ourselves?)

Selected messages from today's talk: 
● Interpretation of hints from the galaxy:

– Non-understood excesses and interpretations exist: 
let's use them as guidance for searches, while still keeping the 
door open for non-standard-WIMP DM (model-independent)

●  Details of WIMP dark matter, colliders and DD
– Discussion of benchmarks crucial to fully exploit complementarity
– Colliders are best suited to search for DM mediators: eagerly 

awaiting for Run-2!
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Most Important lesson learned

MIAPP: Dark MALT

Don't follow Dark Matter theorists to breakfast 
or this will happen at 9 am:

MITP: Effective Theories and DM



Backup slides
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Theory experiment interaction for jet MET- +
arXiv:1310.4491, Emanuele Re's talk

1 jet

2 jets

3 jets

4 jets LO

NLO

NLO reduces uncertainties

ATLAS 8 TeV analysis: 
use NLO signals, release jet veto  (but keep monojet-like topology)

 improvements in EFT limits→

ATLAS: arXiv:1502.01518

Naive monojet 
doesn't quite capture

all QCD effects

http://arxiv.org/pdf/1310.4491.pdf
http://arxiv.org/abs/1502.01518
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Contact interaction validity  truncation atlas: ( )
Valid if

Connect mediator mass and EFT scale Λ:
need information on theory completion

 coupling-dependent condition,→
precise and well-defined within choices 

Λ

Key parameter for truncation:                = fraction of events passing 

(minimal constraint)

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)
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Alternative ci truncation

Mcut = g*M*

- only depends on 
parameters of the EFT
as opposed to needing 

information on UV completion 
(still, physical interpretation

requires assumptions)

- can be scanned

arXiv:1502.01518

http://arxiv.org/abs/1502.04701
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Alternative ci truncation

Direct comparison with
simplified model:

shows very (too?) conservative 
region after truncation

T-channel (squark) mediator

arXiv:1502.01518

http://arxiv.org/abs/1502.04701
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