
MULTIPURPOSE 
MONOJETS AT THE LHC: 

NEUTRINOS 
& DARK MATTER

Ian M. Shoemaker
April 13, 2012

[arXiv: 1111.5331, PLB in press] Alex Friedland, Michael Graesser, IMS, and Luca Vecchi

[arXiv: 1112.5457] IMS and Luca Vecchi

Friday, April 13, 2012



More complementarity

q

q

DM

DM

g

BSM

q q

DM DM

BSM

Colliders Direct Detection
See talks online by
 Yu-Hsin and Roni

Friday, April 13, 2012



More complementarity

q

q

DM

DM

g

BSM

q q

DM DM

BSM

Colliders Direct Detection

q

q

nu

nu

g

BSM

Colliders
q q

nu nu

BSM

Oscillation experiments

See talks online by
 Yu-Hsin and Roni

Friday, April 13, 2012



Why do you care?

• Neutrinos certainly exist in Nature.

• Solar neutrino hints.

• Weakly constrained so far.

• The LHC can set world’s best limits.
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Generalizing Fermi

LNSI = −2
√
2GF �fPαβ (ναγ

ρνβ)(fγρPf)

Neutrino Flavor f =SM fermion 
P=L,R 

Laid the foundation for the MSW effect and pointed out 
that NSI can modify neutrino propagation.
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Solar Neutrinos and the 
LHC: a UV-IR duality?
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Recently, both SNO and 
Super-K lowered 
thresholds to discover 
the MSW “upturn:” 

neither see it
Borexino recently 
targeted 8B neutrinos 
and also found no 
evidence.

Combined >2σ discrepancy.
Palazzo [arXiv:1101.3875]

MSW

NSI

|ε| � 0.05
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A SNO-ball’s chance? 19
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FIG. 18. Various solar νe survival probability measurements
compared to the LMA prediction for 8B neutrino. Using the
results from Section VI of this paper, the dashed line is the
best fit LMA solution for 8B neutrinos and the gray shaded
band is the 1σ uncertainty. The corresponding bands for νes
from the pp and 7Be reactions (not shown) are almost iden-
tical in the region of those measurements. The blue shaded
band is the result of the measurement the 8B neutrino νe sur-
vival probability reported here. The red point is the result of
the Borexino measurement [43] of the survival probability for
νes produced by 7Be+e− → 7Li+νe reactions in the Sun. The
blue point is the result of various measurements [41] of the
survival probability for νes produced by p+p → 2H+ e++ νe
reactions in the Sun; note that these measurements did not
exclusively measure this reaction, so the contribution from
other reactions were removed assuming the best fit LMA so-
lution, and so actually depends on all solar neutrino results.
The uncertainty in absolute flux of the subtracted reactions
was included in the calculation of the total uncertainty of
this point, but the uncertainty due to the neutrino oscillation
probability of these reactions was not. The uncertainty due to
the normalization of the two points by the expected flux was
included. For clarity, this plot illustrates the LMA solution
relative to only a subset of the solar neutrino experimental
results.

A two-flavor neutrino oscillation analysis yielded
∆m2

21 = (5.6+1.9
−1.4)×10−5 eV2 and tan2 θ12 = 0.427+0.033

−0.029.
A three-flavor neutrino oscillation analysis combining
this result with results of all other solar neutrino exper-

iments and the KamLAND experiment yielded ∆m2
21 =

(7.41+0.21
−0.19) × 10−5 eV2, tan2 θ12 = 0.446+0.030

−0.029, and
sin2 θ13 = (2.5+1.8

−1.5)×10−2. This implied an upper bound
of sin2 θ13 < 0.053 at the 95% C.L.
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“This could be the 
discovery of the century. 
Depending, of course, on 

how far down it goes.”
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“This could be the 
discovery of the century. 
Depending, of course, on 

how far down it goes.”

LHC?
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Not all MET is created equal

Jets + MET searches can bound many invisible things, like 
ADD gravitons, DM, (sterile) neutrinos, unparticles.

1) Yet, only SM neutrinos can interfere with the SM:

2) SM neutrinos have nonzero electroweak charge.

σ(pp/pp → j+MET) = σSM + �σint + �2σNSI
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MadGraph for 
parton-level signal. 

Pass to Pythia for 
hadronization/
showering and 

ultimately analysis.

The nitty gritty
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MadGraph for 
parton-level signal. 

Pass to Pythia for 
hadronization/
showering and 

ultimately analysis.

The nitty gritty
Bounds obtained via a 

simple counting experiment.

For example, ATLAS 
HighPt found:

Nobs = 965

Nbkg = 1010± 37± 65

NBSM < 192

@ 95% CL
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LNSI = −2
√
2GF �fPαβ (ναγ

ρνβ)(fγρPf)

Tevatron and LHC constraints on NSI
di

ag
on

al
of

f-d
ia

g.

95 % CL
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LNSI = −2
√
2GF �fPαβ (ναγ

ρνβ)(fγρPf)

Tevatron and LHC constraints on NSI
di

ag
on

al
of

f-d
ia

g.

•Most stringent bounds to date on electron 
and tau-type NSIs.
E.g. previously                 from DIS at CHARM 
(Davidson et al., 2003).

εeeuR < 0.7

95 % CL

•Up-quark couplings more constrained.

•Off-diagonal couplings stronger by        .  (
√
2)

In agreement with
[Fox, Harnik, Kopp, 

Tsai (2011)]
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On-shellness
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More model-independent, BUT only valid as long as the 
new physics scale is large compared to LHC energies.
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On-shellness
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More model-independent, BUT only valid as long as the 
new physics scale is large compared to LHC energies.

What if it’s not?
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A simple leptophobic 
Z’ model

q

q

ν

ν

Z �

Minimal width, Z’ only 
couples to one quark 
flavor, chirality and a 

neutrino pair. 

ε ∼ g2Z�/M2
Z�
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Const. acceptance

Broad resonance
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Broad resonance

100 101 102 103 104 105
10�6

10�5

10�4

10�3

10�2

10�1

100

101

MZ ' �GeV�

�

√
s = 7 TeV veryHighPT

A simple leptophobic 
Z’ model

q

q

ν

ν

Z �

Minimal width, Z’ only 
couples to one quark 
flavor, chirality and a 

neutrino pair. 

Contact

resonance

“massless” Z’

ε ∼ g2Z�/M2
Z�
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Beating the LHC from beyond 
the grave
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-Tevatron data is more 
constraining for

mZ� � 200 GeV
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Beating the LHC from beyond 
the grave
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-Would a yet softer cut 
yield better bounds?

-Tevatron data is more 
constraining for

mZ� � 200 GeV
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Latest CMS results
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σBSM < 0.015 pb1/fb ATLAS veryHighPt:
σBSM < 0.018 pb4.7/fb CMS:

EXO-11-059 
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Multileptons vs. monojets

W+

lβ

lα

W−

N4� = 0.9×
�
εuPαα
0.17

�2

Not as constraining as monojets

NSI also produce...
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Multileptons vs. monojets

W+

lβ

lα

W−

N4� = 0.9×
�
εuPαα
0.17

�2

Not as constraining as monojets

- Needs very high luminosity (~10 fb-1) to 
compete with monojets.

- Clean lepton final states offer a probe on NSI 
with different systematics than monojets

NSI also produce...
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Part Two:
Dark Matter
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Validity of Effective 
Description

Suppose by analogy to the NSI case, we wish to 
constrain DM-quark interactions of the form:

O =
qγµqXγµX

Λ2
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Validity of Effective 
Description

Suppose by analogy to the NSI case, we wish to 
constrain DM-quark interactions of the form:

O =
qγµqXγµX

Λ2

When          , other operators become important 
and our effective description breaks down.

E ∼ Λ
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Validity of Effective 
Description

Suppose by analogy to the NSI case, we wish to 
constrain DM-quark interactions of the form:

O =
qγµqXγµX

Λ2

When          , other operators become important 
and our effective description breaks down.

E ∼ Λ

Can we be more rigorous than E ∼ Λ?
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Partial-wave unitarity

M = 16π
�

j

(2j + 1)Pj (cos θ) aJ(s)

Unitarity:

Re(aJ)

Im(aJ)

(Re(aJ))
2 + (Im(aJ)− 1/2)2 ≤ 1/4

physical
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Partial-wave unitarity

M = 16π
�

j

(2j + 1)Pj (cos θ) aJ(s)

Unitarity:

Re(aJ)

Im(aJ)

E.g. Higgs mass (Lee, Quigg, Thacker 1977)

W+W− → W+W− mh ≤

�
8π

5
√
2GF

≈ 780 GeV

(Re(aJ))
2 + (Im(aJ)− 1/2)2 ≤ 1/4

physical
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Effective dark matter 
interactions

O =
qγµq XγµX

Λ2

Assume heavy particles can be 
integrated out:

Unitarity implies: 

⇒ M(qq → XX) = 2
�
Nc

s

Λ2

Λ � 2 TeV
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Effective dark matter 
interactions

O =
qγµq XγµX

Λ2

Assume heavy particles can be 
integrated out:

Unitarity implies: 

⇒ M(qq → XX) = 2
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Λ � 2 TeV

Said differently, an effective 
DM theory with a 500 GeV 

cutoff is consistent if: 
s � 1.3 TeV
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Accessible Z’s
With a Z’ coupling to DM and a single quark 
flavor there are 4 parameters in the full parameter 
space: �

mX ,mZ� ,
√
gXgq,ΓZ�

�

light DM

ν

ν

q

q

g

Z �

light Z’

ν

ν

gq

q

Z �∗ X

X

σ ∝ g2qg
2
Xσ ∝ g2q × BR

�
Z � → XX

�
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Tevatron wins even in the off-shell 
regime
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Soft cuts are good 
for light particles. 
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Upper bounds on quark-DM coupling

mZ� � 2mX
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Quark-DM bounds
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constraining when 
Z’ is on-shell.
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Take aways

✦ Neutrinos aren’t just a background. Could hide 
new physics. 

✦ Solar data give hints. Test this hypothesis at the 
LHC.

✦ The Tevatron 1/fb reigns supreme at low masses. 
Who can beat them?
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