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outline

1. work-in-progress on monojet and t£ + [+ signatures for scalar and
pseudoscalar mediators [Haisch,ER, preliminary results]

2. the jj + £ signature [Haisch, Hibbs, ER '13]
3. what is there and what will be there in POWHEG
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introduction

dark-matter top-quark interactions
» study spin-0 mediators and LHC discovery/exclusion potential
» if MFV assumed, the most relevant DM-SM interactions are those involving top quarks

» we wanted to look how searches in monojets and ¢f + ;- compare (and how they
compare with direct-detection limits)

» we have explored this both in the EFT limit and with a simplified model

simplified model

_ m _ . _ . m, _
L5 gom (Xx) S +g5m Y. e COER igbn (X75X) P +igsn Y. ~H@so) P
q q

EFT description
m, m, vM? 1/3
0% = 9 o~ A , 04 = 9 - =, A=
s Agé XX a9 P Ag},g XV5Xq759 g5 gDM

» unless stated, we always keep full top-mass dependence

> for simplicity, same factors for up-down type families: g&/° = g25; = g4 oy
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available searches

b > monojet:
gy ! 05 _-x t @ - 1408.3583 (CMS)
g O g w P tt dileptonic:
" t\\ X ol X q -132'G-13-004 (CMS)
TY—X tt single-lepton:
i@ﬁ@' M b T1410.4013 (ATLAS)
) ¢ a tt hadronic:
b - 1410.4013 (ATLAS)
b » tt + [ analysis not
+ ¢ totally straightforward
g W v g W v (especi_ally with 1 or 2
o < % 0L ther— % hadronic decays)
X o~ T ; » validated successfully
g W P i g W v (our EFT results match
4 t ATLAS paper)



EFT an a|y3iS (with exact top mass dependence)
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» bands from scale uncertainties
> bounds from monojet search currently provide the best constraints

» from tt + Ep, the single-lepton search seems to be the more promising

» difference between P and S at low m,: Ap = (3/2)/?Ag

» m, 2 100 GeV: S bound falls faster because of scaling property of cross-section

(P: Bvs S: 3, where B = \/1-4m2 [m?2 )
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simplified model

L > gon (XX) S + giu Z vq (@q) S +igbm (X1sX) P +igsn Z 7 (qvsq) P

» 4 free parameters: gpar, gsm, my, Mg/p
width always computed: include S — x¥, S — t, S — gg and S — bb

v

v

this is the minimal width, within the simplified model we are considering

» no approximate NLO/LO K-factor for monojet x-section, since NLO for H/A + j
with top-mass dependence is not known (if m; — oo, K ~ 1.6)

» PDF: MSTW2008LO
= Hr/2, where Hr = \/m3 ¢ +p3.  +pr;
Pythiab
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scalar: results
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» left: m, = 100 GeV, Ms = 300 GeV.
» right: g = 4 (not very weak, but within perturbative regime)

» LHC8 can exclude g5y 2 3 and gpy 2 0.2
» weakly-coupled scalar mediators seem hard to probe
» direct-detection (LUX) much more constraining
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scalar: results
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> left: Mg =300 GeV, right: m, =100 GeV.

0 2 4 6 8 10

8s

7115



pseudoscalar: results
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» my =100 GeV, Ms = 300 GeV.

» again can exclude couplings, but not when they are quite small

» no direct-detection (spin-dependent DM-nucleon x-section is momentum
suppressed)
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pseudoscalar: results
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> left: Ms =300 GeV, right: m, =100 GeV.

» overall picture looks similar to scalar case, but more exclusion potential, since
x-section is larger:
- matrix-element different (e.g. (3/2)° ennhancement...)

- if 2m,, > M different scaling with §: offshellness production for P case much
less suppressed
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tt + fr: single-lepton final state
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» using same analyses validated succesfully in EFT case

» with current cuts, they don’t allow to extend the parameter space already
probed by monojet searches

» should an excess be found, correlations (e.g. among b-jets) would allow to study
the nature of the mediator (see later...)
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status/summary

» we are also studying prospects at 14 TeV...
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left: LHC8 right: LHC14, cuts in recent ATLAS “future-prospects” study, 25 invfb
pr,j; > 300 GeV, pr ; > 50 GeV, jet-veto, £ > 800 GeV, ...

» seem difficult to test weakly-coupled regime (or heavy mediators) for these
models

» LHC14 will improve (although control on SM backgrounds uncertainties will start
to play an important role)

11/15



structure of the interaction

CMS
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» shapes of spectra are always extremely similar

» different operators will give different x-sections, but it seems impossible to
distinguish between Oy, 04, Os, Og, ... just by using monojets.

» what about looking into 2-jets events?
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DM + 2 jets (EFT)

v

we looked at the case where DM-SM
interactions take place via

Os =25 () () or Op = 15 (F35t) (153)

» bounds from j + Er miss @nd ¢ + E7 e
A 2150-170 GeV [my = 50 GeV]

o
°

» (normalized) azimuthal correlation A®;;: =
& 50F
=" distinguish between background and signal = ast
hypothesis S a0
¥ distinguish between Og and Op (and Oy/4) % ss
g 3.0F
» LHC 14 TeV w/ CMS cuts + m;; > 600 GeV: 2t
(BT miss +37) 2 0.30 (BT miss +J), 05 2 0B Ll
= 09
0.8
0.7
0.0 0.5 1.0 1.5 2.0 25

13/15



DM + 2 jets (EFT)

» we looked at the case where DM-SM
interactions take place via

Os =25 () () or Op = 15 (F35t) (153)

» bounds from j + Er miss @nd ¢ + E7 e
A 2150-170 GeV [my = 50 GeV]

» (normalized) azimuthal correlation A®;;: 3

=" distinguish between background and signal
hypothesis
K¥" distinguish between Og and Op (and Oy 4)

b
=Y
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35F
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» LHC 14 TeV w/ tighter cuts + m;; > 600 GeV: 25f
0(ET,miss +JJ) 2 0.30(Er miss +J), 05 2 0B '

1o dorfdAg;,;, [107']
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DM + 2 jets (EFT)

» we looked at the case where DM-SM
interactions take place via

Os =25 () () or Op = 15 (F35t) (153)

» bounds from j + Er miss @nd ¢ + E7 e
A 2150-170 GeV [my = 50 GeV]

v

(normalized) azimuthal correlation A®;;:

=" distinguish between background and signal
hypothesis
K¥" distinguish between Og and Op (and Oy 4)

1o dorfdAg;,;, [107']

» LHC 14 TeV w/ tighter cuts + m;; > 600 GeV:
U(ET,miss +]j) ~ 0.30(ET7m;SS +j), 0s ~0B

v
R

pattern visible also in heavy-top limit [G .. G*" xx]

(although x-section overestimated (factor 10))
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DM + 2 jets (full theory)

v

with previous settings, EFT validity
questionable

studied specific case with simplified s-channel
model:

v
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Ls=g3 (XX)S+g7 % (tt) S

1/o dojdAd;;, [107']
S

- (pseudo)-scalar mediator, Mp, g = 500 GeV,
my =200 GeV,g=1
all constraints from LHC and cosmology
satisified

» width explicitly computed (here turns out
/M ~3-6%)

w

v

BZ" modulation pattern survives

14/15



Conclusions

v

studied scalar/pseudoscalar mediators, both in EFT and simplified models

» main conclusion: LHC effective in probing parameter space, but only if couplings are not
very weak (different wrt /A mediators, where weaker couplings probed)

» monojet searches seem to be the more competitive, although from more complex
topologies or different signatures, complementary informations might be extracted

v

in particular mono-jet searches good for discovery or to set bounds, not to characterise a
signal
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monojet searches seem to be the more competitive, although from more complex
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in particular mono-jet searches good for discovery or to set bounds, not to characterise a
signal

I'll keep updated as much as possible the POWHEG BOX code...
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main conclusion: LHC effective in probing parameter space, but only if couplings are not
very weak (different wrt /A mediators, where weaker couplings probed)

monojet searches seem to be the more competitive, although from more complex
topologies or different signatures, complementary informations might be extracted

in particular mono-jet searches good for discovery or to set bounds, not to characterise a
signal

I'll keep updated as much as possible the POWHEG BOX code...

Thank you for your attention!
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validation for ¢ + F
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