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Scalar Simplitied Models

 Dark matter interactions mediated by a (pseudo)scalar

_ Yy =
L2 —g Hxx— gv\/—%Hff

LD —g AXY X — gv%flfv5f

see also Haisch et al 1208.4605, Harris et al 1411.0535 and others
* Minimal Flavor Violation: choose SM fermion couplings o< m ¢
 “Easy’ to imagine this as part of extended Higgs sector
 Couplings to top quark dominate

* But should keep in mind couplings to b-quarks
e e.g.large tan 8 limit of 2-Higgs Doublet Models
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Scalar Simplitied Models

e Four parameter model:

”1X7Tnfﬂh4agv7gx

Also need to specity additional decay channels: FH/A

* [orreasonable couplings
U'p/a <mpg a

collider search efficiencies

independent of 'y, 4

* Serves only to rescale
number of dark matter events
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Scalar Production

e [wo production modes:
* gluon-tfusion and associated heavy flavor

g g X g
| B
g X g
“loop”




Assoclated Proauction

 CMS dileptonic tops: 2 leptons, no b-tag (B2G-13-004)
 Signal region £+ > 320 GeV
* semileptonic tops: 1 lepton (B2G-14-004)

 ATLAS b-tagged search. No leptons (1410.4031)
¢ SR1:2jets (1+ b-tag) pp — bb+ (¢ — xX)
¢ SR2: 3-4 jets (1+ b-tag) pp —tt+ (¢ — xX)
* Both require F; > 300 GeV
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| oops vs. Assoclated
Production

e At present, loop-induced gluon-fusion leads to stronger
bounds than associated production
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* Associated production measures tree-level coupling
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e
R}

e i
e

1072 L

Monojet (MCFM)
Monojet (MG)
Top

Bottom _
Width Consistency ||
Direct Detection

1073

1072

Buckley, Feld, Goncalves 1407.6497

10t

Iy /mpy




e At present, loop-induced gluon-fusion leads to stronger

e+ "

| oops vs. Assoclated
Production

bounds than associated production

* Associated production measures tree-level couplings.
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| oops vs. Assoclated

e At present, loop-induced gluon-fusion leads to stronger

Production

bounds than associated production

* Associated production measures tree-level couplings.
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Non-Collider Searches

e Scalar mediators give spin-independent direct detection

Cross sections

 Pseudoscalars give velocity-independent indirect

detection cross sections

e Keep in mind these have astrophysical assumptions
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Scalar vs. Pseudoscalar

e (Constraints on CP-even and CP-odd mediators are not

the same (for otherwise identical parameters)
* Larger production cross section for pseudoscalars

* Also have orthogonal predictions

for non-collider searches.

CP-even | CP-odd
Direct Det. YES NO
Indirect Det. NO YES

* But can we measure this directly?
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Additional useful information in ot

Example: Direct measurement of
associated top channel similar to measurement of Higgs-
top CP-structure

Lots of work done In this area.

e Variables tend to have low
sensitivity when integrated
over all phase space.

 But we're already in a restricted
phase-space: large pr.p/a ~ Er

ner distri
the CP of
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| epton Spin Correlations

Background reduction via cuts on MET.
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CP-Sensitive Leptons

 In dileptonic pp — tt(H/A — xx) events, Ady, is a
proxy for A¢, and sensitive to CP of H/A at large

e (see 1507.07926 for applications to Higgs)
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Distinguishing CP

* Mild improvements on discovery of dark matter in scalar/
pseudoscalar Simplified Model with Agy,

* Here we assume BR(H/A — xx) =1
e But if we find a signal, we can use that to measure CP

10_ IIIIII BT T TT T T | IIIIIIIIIIII | T 1T lo_ IIIIIIIIIIIIIIII | IIIIIIIIIIII | I_I_I_L_—

I 95/ CL exlu5|on i _ 95/ CL e)dus10' -
g, [ observables (£;," ! ) 9, [ ’_,Qbsefr S (F"! )
ttH 10fb™ | I ttA 10fb™
................ ttH 100fb™ g o ttA 100fb7

indirect detection
————— thermal relic

direct detection T
————— thermal relic

m,=10 GeV m,=10 GeV

IIII|IIII|IIII|IIII|IIII|IIII|IIII| IIIIIIII |IIII|IIII|IIII|IIII|IIII|IIII|IIII
100 150 200 250 300 350 400 450 500 100 150 200 250 300 350 400 450 500

mH/A = 100 GeV my, [GeV] m, [GeV]
Buckley, Goncalves 1511.06451




Distinguishing CP

* Mild improvements on discovery of dark matter in scalar/
pseudoscalar simplified Model with Ay,

* Here we assume BR(H/A — xx) =1
e But if we find a signal, we can use that to measure CP
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Conclusions

* Associated heavy flavor production in general slightly less
constraining than loop-production.

* This should not deprioritize associated searches.

 Measures tree-level couplings to variety of fermions,
rather than loop-level interaction. ™
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suggest scans of Mg 4, My
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« Kinematic effects of width minimal 2

e Combine with non-collider _- Monojet (MO)

— Monojet (MCFM)
experiments to begin to _2 - oo |
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