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Conclusions

» Besides jet+MET: Search for DM from interference effects e.g.
Dilepton kinematical distributions (models with t-channel

mediators).

» We also get information about DM properties e.g.

 Dilepton invariant mass: DM mass (fermionic), DM spin (almost
degenerate DM-mediators).

 Dilepton angular distribution: SM chiralities (mediators’ quantum
numbers).

» Dilepton distributions provide competitive bounds with those
from jets+MET and Direct Detection searches.
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The LHC:

SUPERCONDUCTING
MAGNET

* Energy Frontier:
(Ecpy = 13 TeV)

* Sensitivity Frontier:
( 0 =10* pb)
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What can the LHC tell us about Dark
Matter?

1. Can we discover DM?

2. Can we learn something about DM properties?
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Jets + MEET Searches

If DM is produced,
we have Missing

Transverse Energy
(MET)
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Jets + MEET Searches

SM

If DM is produced,
we have Missing

Transverse Energy

- (MET)

SM

SM

Search for physics beyond the standard model in events with two leptons of same sign, missing transverse momentum, and jets in
proton-proton collisions at \/E =13 TeV

CMS Collaboration
24 April 2017
Submitted to Eur. Phys. J. C

Search for supersymmetry in multijet events with missing transverse momentum in proton-proton collisions at 13 TeV
CMS Collaboration
25 April 2017
Submitted to Phys. Rev. D
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Jets + MEET Searches

But, what happens when DM is produced
with low energy (low MET)?

Rodolfo M. Capdevilla, University of Notre Dame



Jets + MEET Searches

e.g.
Intermediate
state nearly

degenerate with
DM
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Can we perform other types of searches?

How about interference effects?

SM\ /SM
O

SM DM SM

SM / \ DM // \ SM
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Can we perform other types of searches?

How about interference effects?

Very well understood
SM SM

\\ . - final states!
SM//Q\\ SM

™

SM SM

My e DM\ e
Seel
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Can we perform other types of searches?

How about interference effects?
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Dilepton Production
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How can DM produce dilepton signals?

DM with t-channel mediators:

Quark portal — colored mediator

X —————¢

K
____>.____

X -t L =3 q

DM production in pp collider
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Dilepton Distributions at the LHC
(what do we measure?)

* Drell-Yan production
Partonic scattering

p amplitude
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1) Dilepton Invariant Mass
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2) Dilepton Angular Distribution

Outgoing lepton

Incoming quark Ajﬁl
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Dilepton Angular Distribution

P2

AM

But, in pp collisions

we do not know the direction of the
incoming quark!
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Dilepton Angular Distribution
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Parton Distribution Functions

CT14 NNLO
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Collin-Soper Frame
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Collin-Soper Frame
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Collin-Soper Frame
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backward event!
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How can we calculate 0.?

do
dCo /(1‘11(112[fq(11)fq(l2)‘|‘fq(12)fq(11>]

A ])
791

P1 \ P2

Split integration: A)él

(X;>X,) and (X;<X,)

do
dCH

A w
Here quark carries Here quark carries
X1 XZ
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Lepton Angular Distribution

Backward events

Forward events
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Models to Study:

Model | DM Spin | Lepton Chirality Interactions

pDRrRr 1/2 right-handed u (uPrx) + € (ePrx)
pDgr 1/2 left-handed u(uPrx) + € (ePrx)
pCSRrRr 0 right-handed X (uPru) + x (ePre)
pCSRkrL 0 left-handed X (uPru) + x (ePre)

« Two DM particles X and XC

 If same masses —> Dirac,
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if mixing —> Majorana
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Models to Study:

Model | DM Spin | Lepton Chirality Interactions

pDRrRr 1/2 right-handed u (uPrx) + € (ePrx)
pDgr 1/2 left-handed u(uPrx) + € (ePrx)
pCSRrRr 0 right-handed X (uPru) + x (ePre)
pCSRkrL 0 left-handed X (uPru) + x (ePre)

« Two DM particles X and XC

* If same masses —> Dirac, if mixing —>» Majorana

Mass spectrum a

(GeV)
DM eigenstates almost U e
degenerate (1 MeV
g ( ) \ Y2
— X1
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Models to Study:

Model | DM Spin | Lepton Chirality Interactions

pDRrpr 1/2 right-handed u(uPrx)+ e (ePrx)

pDRL 12 left-handed U (’l_LPLX) + e (éPRX)
pC SRR 0 right-handed X (uPru) + x (ePre)
pCSRkrL 0 left-handed X (uPru) + x (ePre)

- Two DM particles X and X"

 If same masses —> Dirac,

Mass spectrum 4
(GeV)

DM eigenstates almost
degenerate (1 MeV)
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U

!

P~
M

l ’

X2
— X1

if mixing —> Majorana

Vary DM-mediator
Splitting (10-100%)
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Model | DM Spin | Lepton Chirality Interactions
pDRrpr 1/2 right-handed u(uPrx)+ e (ePrx)
pDRL 12 left-handed U (’l_LPLX) + e (éPRX)
pC SRR 0 right-handed X (uPru) + x (ePre)
pCSRkrL 0 left-handed X (uPru) + x (ePre)
Discussion:

 For agiven DM spin, what happens if we change the
lepton’s chirality?

 For agiven lepton’s chirality, what happens if we change
DM spin?
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Contributions to dilepton production

pCS :

q
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Contributions to dilepton production

q A
Drell-Yan, SM v/ Z
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Contributions to dilepton production
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do/dmge [pb/GeV]

Results: Invariant Mass -]
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Results: Invariant Mass

Fermionic DM;
Monocline feature

N. Raj et al Phys. Rev. D 91,

115006 (2015)
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Case pDrr, m, =500 GeV

Results: Invariant Mass s~
Fermionic DM, s
m 5.x10
Monocline feature g‘
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Case pDrr, m, =500 GeV

Results: Invariant Mass -
) . X _4__
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do/dmge [pb/GeV]

Results: Invariant Mass

Case pCSgrr, my =300 GeV
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The invariant mass identifies:
The MASS (fermion case)

the SPIN (very compressed
spectrum)
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Events

(Model U)
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Results: Angular '
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Events

(Model U)

Results: Angular 200 [ '
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Events

(Model U)

Results: Angular ' '
. . . 400 < Mee (GeV) < 4500 Iyl <247, pr >40 GeV
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Other Bounds: | |
e Direct Detection of DM

Region Excluded by PDBR’" 'm‘ff 3 '1 1mx

Direct Detection 207
1.5}
< 1.0
0.5}
- | 2
Bounds disappear for _ Qh,® > 0.12
100% splitting! A

400 600 800 1000 1200 1400
m, [Ge
X[42 Vi
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Other Bounds:

* Searches for jets+MET at the LHC

q = P q
Y
X X
A
q = ———ep—————- ('j
g g
g v
\‘\
g g
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e Jets+ MET

CMS,L=195f" (s=8TeV
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me =1.1m,
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0 . = T
PP —>QQ.q—> QX N exclusion == =
600/ = Observed = 1 41 5
=== Expected =/ 0,4 ment S
500 7 )
7]
4 O
4 1o 2
1 c
4 o
11 E
1 1 ©
\ . 5 B 2 %
‘l\ “' E = —E 10 =
- b | E -
100 ~ \\\ E E — E O
h o P S
- Az e % Tp)
P PR\ S S IO NN AU BT i ll:‘_l_;_L] 1030’
00 400 500 600 700 800 900 1000
my [GeV]

Rodolfo M. Capdevilla, University of Notre Dame

mg = 2.0 m,
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e Jets+ MET
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Bounds:

e Bounds for Fermionic DM cases
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Bounds:

e Bounds for Fermionic DM cases
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Conclusions

Dilepton distributions can give bounds for DM
simplified models with t-channel mediators. These
bounds are competitive | with those from jets+MET
and direct detection searches.

The dileptonic invariant mass distribution can provide
information about the mass and spin of DM in the
limit of almost degenerate DM-mediator masses.

The dileptonic angular distribution can provide
information about the relative chirality of the SM
fermions that interact with DM (Telling us something

about the quantum numbers of the mediators ).
50
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Conclusions

Dilepton distributions can give bounds for DM
simplified models with t-channel mediators. These
bounds are competitive with those from jets+MET
and direct detection searches.

The dileptonic invariant mass distribution can provide
information about the mass and spin of DM |in the
limit of almost degenerate DM-mediator masses.

The dileptonic angular distribution can provide
information about the relative chirality of the SM
fermions that interact with DM (Telling us something

about the quantum numbers of the mediators ).
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Conclusions

Dilepton distributions can give bounds for DM
simplified models with t-channel mediators. These
bounds are competitive with those from jets+MET
and direct detection searches.

The dileptonic invariant mass distribution can provide
information about the mass and spin of DM in the
limit of almost degenerate DM-mediator masses.

The dileptonic angular distribution can provide
information about the relative chirality| of the SM
fermions that interact with DM (Telling us something

about the/guantum numbers of the mediators|).
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What can the LHC tell us about Dark

Matter?
Yes, we

1. Can we discover DM? can ’”

2. Can we learn something about DM properties?
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What can the LHC tell us about Dark

Matter?

1. Can we discover DM ?

2. Can we learn something about DM properties?
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Yes, we
can!l!!




THANK YOU!



Similar bounds;
° + . . . .
Jets + MET As mediator is heavier, the cross section
drops but bounds also decrease
PDgr, My = X PDrr, Mg = 2.0 my
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1) Threshold Effects
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Optical theorem
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Breakdown of rates
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Breakdown of rates
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Breakdown of rates
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Breakdown of rates
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The signal (again)
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Mass information
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A large: doy.x dominance
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2) Numeric of Box
Diagrams
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Scalar vs. Fermion Boxes

Assuming f = 0, one can expand the functions dopp and do,cs (using Package-X)

1

dopp (t=0) = o

1

dUpCS (f: 0) = 647T4

where, for the Dirac case:
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Arg (m?,) =

mjyA*Re[Ap + Bp + CD]2 .

mi 8 Re [Acs + Bes + Cesl?

For degenerate
DM-mediator
masses, this
contribution
vanishes!
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3) Forward-Backward
Asymmetry
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Forward-backward asymmetry
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Forward-backward asymmetry
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Forward-backward asymmetry
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