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MonoPhoton @ LEP

4§, DELPHI

P. J. Fox, R. Harnik, J. Kopp, and YT, 1103.0240
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Effective coupling description
Collider Direct Indirect
| l | | l | | |
q X q q b% l q
e independent of astrophysical and experimental assumptions.
e good bounds on light DM.

e good bounds on spin dependent case.
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Effective coupling description

* independent of astrophysical and experimental assumptions.

WIMP-nucleon cross section oy [cm?
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e good bounds on light DM.

e good bounds on spin dependent case.
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Mono-photon search at LEP

e |n search of Large Extra Dimension (ADD)
e New physics channels: ee — v G

"= e Experiment: DELPHI
Epeam: 90 — 105 GeV
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We use CompHEP.

a1
2

e,

02 04 06 08 10
X, = E,/Eean

[1] DELPHI Collaboration, hep-ex/0406019.
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Direct Detection Bound

e Assume DM particle is a Dirac fermion.

e Use shape analysis (x?) to contraint the size the coupling

500 Tyxere 90%C.L.

40
WIMP massm, [GeV]
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Direct Detection Bound

e Assume DM particle is a Dirac fermion.

e Use shape analysis (x?) to contraint the size the coupling

500} Xyxeye 90% CL

et

WIMP massm, [GeV]

Need the coupling to quarks!
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Direct Detection Bound

e Assume DM particle is a Dirac fermion.

e Use shape analysis (x?) to contraint the size the coupling

500} Xyxeye 90% CL

et

WIMP massm, [GeV]

Need the coupling to quarks!

consider two possibilities:
e Equal Coupling: to quarks and leptons.
e Leptophilic: coupling to leptons only.
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Equal couplings

Equal couplingsto all SM fermions Equal couplingsto al SM fermions
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Leptophilic: no tree-level coupling to q's

e Get loop suppression. Ox, Os vanish at one loop.

e Leptophilic model proposed to explain DAMA or CoGeNt is
ruled out.

Couplings to leptons only
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MonoPhoton at LHC

The CMS MonoPhoton search: arXiv:1204.0821

CMS Result: 73 (75.1 £9.4)

Lo [ T T N & A T A
IS L (a) Spin Independent 4 € L (b) CMS,\s=7TeV _|
S o0 === CMS (90%CL) == cOMS 112011 | & .| 50" 1
5 107 -CDF - CDMSNI2010 & 10°F ! =
=z E XENON100 CoGeNT2011 — = - =
ol : 2l © 1037 ~7 ]
%] 1 » F
2 E 4 8 E
S10%°E 4 g% ——————
I8} L 16 ./———-n X
£ oal g el ]
8 = 4 10" =
2 r 313 [ Spin Dependent ,
] 10ef 1 2 {g4a L~ CMS (90%CL) ... COUPP 2011 ]
LY F 501! 2 L'V —-coF IceCube Gr—W'W) q
- T CMS,\s=7 'I;ev ‘ T " i — - SIMPLE 2010 ==== Super-K I+I+1ll (xxaw'wv*‘f
1 10 10? 1 10 10?

10°
M, [GeV]

3
M, [Ge{I(i

Yuhsin Tsai  Cornell LEP Constraints & The Bounds on DM/Higgs Coupling



Bounds for Indirect Detections

Two things we can compare to:
e Thermal-relic bound

e Fermi observation bounds.
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Bounds for Indirect Detections
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What happens if the mediator is light?

e When it is heavy, we consider contact operators only:
Myled > 2Ebeam

e

e+ X e+ X
e When it can be on-shell, the kinematics is important:
Mped < 2Ebeam

e

et X
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Direct Detection with light mediator
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Indirect Detection with Light Mediators
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DM coupling to Higgs

Based on: P. Fox et al. 1109.4398

See also:
M. Pospelov et al. 1109.4872; |. Low et al. 1110.4405; C. Englert et all.
1111.1719; O. Lebedev et al. 1111.4482; A. Djouadi et al. 1112.3299.
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Direct detection through the Higgs portal

Benefits from the additional suppressions

yukawa suppression loop suppression

X Q X X Q X

Get the x — h — x bound from:
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Direct detection through the Higgs portal

Benefits from the additional suppressions

yukawa suppression loop suppression

X Q X X Q X

Get the x — h — x bound from:

e mono-jet search? = light mediator, not good.
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Direct detection through the Higgs portal

Benefits from the additional suppressions

yukawa suppression loop suppression

X Q X X Q X

Get the x — h — x bound from:

e mono-jet search? = light mediator, not good.

e other higgs searches? e.g. invisible Higgs search.
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Invisible-higgs search at LHC : Future bounds
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Invisible-higgs search at LHC : Current bounds

Current LOWER bounds under the assumption:

e Higgs was missed at LHC due to its large invisible width.

CMS Higgs combined lower bound
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Conclusion
Mono-photon search at LEP gives:

e important direct detection bounds
e good constrains on indirect detections

e interesting bounds for light mediators

Direct detection bounds for DM coupling through the Higgs:

e get upper bounds from the invisible Higgs search

e get lower bounds from the current Higgs search
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From raw data to direct detection bounds

do
d Eg

—:Nrfi—i/vr:d% v f(v)

® DM density pg ~ 0.3GeVcem™3

® Recoil energy Eg = Egpy / quenching gna, = 0.3 &+ 0.1,
gr = 0.09 &+ 0.03

® Velocity distribution f(v) Maxwell-Boltzman
® Escape velocity Ve ~ 650 kms™!

® Vi, (in-)elastic scattering?

® Spin Independent o, Spin Dependent o(v).
® XXXX
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Annihilation cross sections

os and o4 are velocity suppressed:

OsVeet = f3 (mi - mf) Vr2e/ )
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Few remarks about the loop calculation
(show this if people stay awake)

The loop-suppressed cross section is

O1—loop ==

40z
1827r3/\4 [

qu mz}

l=e,u,T

where f(q?, my) =

% 5¢°+12m2+6(g°+2m3?)4/1 — 4%% coth™* (wl = ) —3¢°1In (

Take the most conservative case (the largest o):
Vy = Vesc = D00 km/sec, scattering angle 180°.

)]

® This gives g> = —4u§v;‘;

Take the cutoff A,e, from the loop integral the same as the operator
cutoff A.
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Direct Detection bounds w/ light mediator
2 — —
A o qz—i;fj—iMF - qL/\%HMrg;/ﬁX = (RxN)7? = Aexp 2.

A: the cutoff in the plot. A, the collider constrained cutoff.
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® Forany M: A = \/ﬁ/\exp.
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Direct Detection bounds w/ light mediator

8e 8 _ M2 8e8x — -2 _ -2
A X oy = gt e = (RXA)" = Nexp™2.

A: the cutoff in the plot. A, the collider constrained cutoff.

xeey

S-channel 0 90% CL. |
e M > 2Ebeam: A= Aexp- 31037
<
¢ M >2E,cam: N~ LAexp g contact op.
M? —q? g T IATITIIIINIIISnmm—-am
. £ M2 500 Gev TRy
1 %
® 2m, < M < 2Epeam: N~ (%)U\exp_ S 10t \
o M<2my: A~ 2Ny
X exp
i 05 20 40 60 8

® Forany M: A = \/ﬁ/\exp.

Yuhsin Tsai  Cornell LEP Constraints & The Bounds on DM/Higgs Coupling



