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Ensuring Validity of EFTs

¥ For a given choice of\,/9,9x , only use events that satisfy

M = \/gquM* Z Qtr
Qtr=(gqu)%M*




Ensuring Validity of EFTs

SISSA
Thomas Jacques

¥ For a given choice of\,/9,9x , only use events that satisfy
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Moving Beyond EFTs SISSA N

Thomas Jacques

* EFTs remain a useful as a benchmark, as a general
constraint on DM as long as we are careful not to over-
Interpret the results

¥ A more general set of models Is required:

+ EFTs are only a valid description of simplibed models
for heavy mediators and large couplings

+ EFTs are designed to be as model-independent as
possible and give a generic hard MET spectrum,
leaving us blind to other signatures of the dark sector



Moving Beyond EFTs SISSA

Thomas Jacques

== Simplified Model |
— EFT, Ecn<Meyw ]

¥ Constraints apply to lower mediator

masses ;1500_ — EFT, Qy<My
%1000 ______________________
* Increased phenomenology! =
500

Model A (M y;=mz)

.e . mx=50 GeV
’ Dljet’ dllepton resonances 71000 2000 3000 4000 5000 6000 7000
mz [GeV]
v Resonant enhancement of rate around )
mediator mass \\ /
< u,
oo
« Increased number of channels y@y

+ Comes at the cost of increased parameter
space

{mDM7 M*} — {le\/h Mmeda g(J7 QDM}
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Thomas Jacques
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Benchmark
coupling
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Benchmark
coupling
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Benchmark Coupling
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DM Mass [TeV]

DM Simplified Model Exclusions ATLAS Preliminary August 2016
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DM Simplified Model Exclusnons ATLAS PrellmlnarLAugust 2016
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DM Simplified Model Exclusions ATLAS Preliminary August 2016
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DM Simplified Model Exclusions ATLAS Preliminary August 2016
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Solving the 4D Problem: Rescaling “SISSA”

Thomas Jacques

{mDM, M med, 9DM; gSM} | {mDM, M eds 9pm-Osm, Gpm/g SM}

For each {mpm, Mned, 2/€pM}, SiImulate signal cross sectionsin, for
a range ofgq.gpm, compare with the experimental limitoim,

Value ofg, gpm Where osim= 61im dePnes the constraint ongg.gpwm.

12
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SISSA

Thomas Jacques

Solving the 4D Problem: Rescaling

If we know how osim Varies withgq.gpm, We can
simulate for one (or few) value(s) @f.gpm, avoiding
the full scan

!l sim ' Fixed Mpu, Mmed, gq/ goMm 2
+ sim!(gq.g0M)

S o A e —— — - . u |II I I
_— —==— =

V3,V Gou :
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Solving the 4D Problem: Rescaling

If we know how osim Varies withgq.gpm, We can
simulate for one (or few) value(s) @f.gpm, avoiding
the full scan

!sim |

Fixed mpw, Mmed, 94/ gom

| sim! (gqogDM)Z

' lim

‘[Qq-‘@DM 1



Solving the 4D Problem: TestingRescaling “gjssa

<

What is the rescaling relation?

ggg%M /FOS it M > 2Mmpm

| # ,
ggg%M it M < 2mpwm

Holds only if the width factorises out; ie,
kinematic distribution of missing energy Is
iIndependent of the width

Kinematic behaviour not greatly affected for
on-shell s-channel models when! /M ;,64<0.5

t-channel: additional monojet diagrams with
on-shell mediator

v+ Peak shape strongly depends on! /Mped!
Coupling scan absolutely needed

Normalised

Normalised

Thomas Jacques
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Solving the 4D Problem: Testing Rescaling

Thomas Jacques

#

Generate constraints on axial-vector model using these two techniques:

+ Full scan over 3D space, Scan over 2D space and rescale

.|.K

Take ratio of these limits to measure validity of rescaling

.l.K

Best in central region where constraints are strong and width is small

#

Breaks down in and transition regions

5 aTey
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1000

800
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N
o
o

1.5

400

N
o
95% C.L. upper limiton /g, gpy

200 [~ . ] 0.5 200!

100 200 300 400 500 600 100 200 300 400 500 600
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Predictabllity of Rescaling Validity

Thomas Jacques

1oy 9298m /Tos if M > 2mpw ///
;. ggg[z)M lf M < QmDM ”,¢’ mDM:].O GeV
(g:I gDM)Z/I 2 ”’,¢’
’// Mpv=400 GeV
%\\‘,””’

: @9?3“/ Mov=500 GeV
§ ,¢”’
b B

mMpv=7/00 GeV

gg | s=8 TeV

& Axial-vector mediator

l & Mmed=1TeV
gom=20q

( Iqu-g%M f (9,/9 o™ ))

M med 16
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Predictabllity of Rescaling Validity

Thomas Jacques
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¥ Rescaling breaks down when width is large and when mediator mass is small 17



Morphing SISSA

Thomas Jacques

¥ Method for estimating physical distributions as a continuous function of an
arbitrary number of theoretical parameters using non-linear interpolation
between a number of input distributions, or factorising out dependence on
mediator mass before generation

> N R B ]

¥ Would a.”OW regions! 8 1400— e Simulated data —

] ] © B Reference template 7

where rescaling fails to bel S 1200F Prediction (m, =125 GeV) =

investigat_ed for a reasonablé g J000E et (M, 1249800 GeY) E

computational cost, and to ! O aoob E

transition between regions of 6005 -

different running - -

400 —

¥ Only works in regions! 200} -

with smooth change in! i N .
22 12 128

distribution
Baak et al, arXiv:1410.7388



Conclusion SISSA

Thomas Jacques

+ Effective operators remain a useful benchmark for DM
searches at the LHC If used and interpreted with caution

¥ SiImpliPed models are the natural next step, but can lead to
reduced coverage of the parameter space

¥ Rescaling + morphing can overcome this issue, and allow
constraints to be presented in a full 3D plane

19
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Rescaling operatorconstraints

Thomas Jacques

¥ Some hidden assumptions now made explicit,
but should still be interpreted with caution

<r‘1028 L 1 LA ] L 1 llll]l 1 L TIIIIT] F1026 L | LA ) 1 1 III!]I | L L l]ll[l’
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Ensuring Validity of EFTs SISSA w

Thomas Jacques

¥ This technigue relies on a clear debnition of the momentun
transfer, and a relationship betweerM, and the parameters

of an underlying simplibed modele.gM !  g,g,M,
¥ Breaks down if there Is no simple UV completion
9 DM
g DM
g DM

22



Model-independent Rescaling

SISSA

Thomas Jacques

¥ An alternative, conservative, model independent approach:

¥ debne a free parametep,

v Substitute Q¢ — Ecmn = Qg

v Condition becomesE., <g M,

¥ Weaker constraints than the model-dependent method
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