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Searches for Dark Matter @ LHC

a IS the EFT approach reliable?

a dead end? improvements in sight?
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Integrate out the UV physics LHC can access regions beyond
connecting DM-SM and describe the validity of the eff. description
interactions with eff. ops.: B, S SR
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—— need to use EFT carefully and consistently
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= the momentum transfer in the relevant process mustbe Q. < A

q heavy DM
mediator
1
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|m (tower of ops.)
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= Q. /A measures the badness of the truncation of the tower of
effective ops to the lowest dimensional ones

= Usually, lowest order is OK. Not a problem for direct/indirect searches.
Situation can be different @ LHC.
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mediator mass M > m,, 2 O
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400 ]
f Ldt =105 fb
. . 200 effectiye theor
Actual limits can be stronger M;g%#
(depending on the process) WIMP mass m, [GeV]

[ATLAS-CONF-2012-147]
2—2 process

q

Qi > 4mi ——> A > 2m,
_ below this bound, the contribution of
q higher-dim ops becomes important
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2—3 process

Qir = (pl T P2 — k)Q — X1L2S5 — \/EPT (33‘16_77 + :1326n)
for s-channel momentum transfer
n=_0

— pr = 120 GeV
2000 -=— p7r = 220 GeV

— pr =350 GeV the momentum trasnfer is larger
— pr = 500 GeV
’ for larger DM mass

A. DE SIMONE -



eff. operator Ogs = —(xx)(qq)

parton-level differential cross section:
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heavy
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differential cross section:
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1.What is the difference between interpreting data with an
effective operator and with its UV completion?

2.In what regions of the parameter space {A, mow} is the
effective description accurate/reliable?
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tot _ 9UVIQ, <M  error of using EFT (truncated at dim-6)
iInstead of full theory

O-eﬂ: Qtr <A

120 GeV =< pr <1 TeV

Inl <2
— mpMm=10 GeV

— mppm=200 GeV
— IHDMZSOO GeV
- MpM= 1000 GeV

120 GeV < pr <1 TeV \/g

] <2 = 8TeV

A=1TeV

mono-jet data can place more stringent

ouv easily larger than Oes .
yiar bounds on mediator masses

direct exclusion bounds from negative searches of heavy mediators?
(e.g. di-jet searches)
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Rtot — O eff ‘Qtr<A fraction of eff. cross section
A= at low momentum transfer

Vs =8TeV

120 GeV < pr <1 TeV
Il <2

— mpm=10 GeV
I7’ZDM:200 GeV
mpym =500 GeV
mpy=1000 GeV

10°
mpym [GeV]

Ratio ~ 1: negligible contribution from higher-dim ops.
Accurate cross sections can be extracted without considering the cutoff on

the momentum transfer.

EFT works better for larger A and smaller mpw
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Rtot — Oeff ‘Qtr<A fraction of eff. cross section
O off at low momentum transfer

120 GeV < pr <1 TeV
Il <2

Vs = 8TeV

RA©'= 75%

10
mpm [GGV] mpm [GGV]

Cross sections are measured experimentally with ~O(10%) accuracy.
Worry about EFT validity is justified.

The precise definition of cutoff scale is somewhat arbitrary (A2, 2A?)
Most conservative choice: Qi < 4mA

Numerical simulations: see next talk by J. Gramling.
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1-1 correspondence:
eff ops «—> simple toy models

X 1 or 2 more parameters (g’s) V' exploit other searches for mediators

X direct detection limits must be (€.g. di-jet), complementary to mono-jet
re-expressed V' theoretically consistent,

no worries about EFT, widths, etc.

PROPOSAL

provide upper limits on g (or M/g)

g (90% CL)

- for each simplified model
- for given mpwm

—> complete and reliable information
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Preferentially:

q\ DM

q DM

because of parton luminosities

Vs =8TeV, pr = 120 GeV
mpm = 10 GeV

q—jet / g—jet
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Main bkg: Z/ — viv

Q|

q nu

| | _ ~ ~1/4 for SIGNAL
Ratio g-jet/g-jet can be: 5 for BKG

Challenge: distinguish g/g jets

This observation can help improving
bounds with 14 TeV data
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. = stat and syst errors are already comparable
14 TeV data = expect stronger bounds on A but also larger Qy

= work in progress (analytically)

?

other ops: = for numerics, see Gramling’s talk

t - channel? = experimental results only for contact s-channel
' interactions

Scalar DM? = anybody working on it?
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LHC searches for DM using effective
operators must be handled with care

without resorting to an explicit model,
info about the validity of EFT
can be extracted

— take it into account when
placing bounds

- : stronger/complementary limits
use explicit UV completions .
ﬁ
e R [l from direct searches of

heavy mediators

LHC can discover mediators more . TIME TO SHIFT FROM EFT
easily than effective operators TO SIMPLIFIED MODELS
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