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Working Group B:
Charges

® Craft a vision for the suite of future dark
matter search experiments needed, which
cover the parameter space described by our
benchmark models.

® Review the impact of direct searches for dark
matter on our knowledge of the generic
properties of dark matter.
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Dirac VWIMP

Name| Operator |Coefficient
XXqq mg /M3
XY°xqq | img/M;
XT7°q img/M;
X x@°q | mg/M

XY XAV 1/M?

In the limit of heavy particles
mediating the interaction between e | 1
DM and quarks or gluons, there are gyl 1/

|4 leading Lorentz structures. xor

XUH,V’Y‘BXQUWCJ Z/J\IE
WG G| s /AM?

XYY XGYLg | 1/ M2

X CjO‘ jny q 1 / ]\[*2

XV XGuwGHY | s [AM?

YXGWG™ | ias/4M3

)‘(’y5xGl,‘,,C~?“’” s /4M3

) XM xF M
Goodman, Ibe, Rajaraman, Shepherd, TMPT, Yu

PRD 82, 116010 (2010) [1008.1783] XY X Fpw D




Dirac VWIMP

Name| Operator |Coefficient
Xq mg /M3

Y7’ Xxqq img /M. 3
YXGY°q img/M;
XVxa’q | me/M;
XY XGVuq 1/M?
XYY Xqyug | 1M
XYXqwY’q | 1/M?
XY xqv’q| 1/M;
Xo"'xqowg | 1/M;
X0 Xqouwq| i/ M
WG G| s /AM?
XV XGuwGHY | s [AM?

YXGWG™ | ias/4M3

X’YVSXG;W GHv Qs /4]\[3
XM xF M

X’O‘MV’}/S X D




Dirac VWIMP

Name| Operator |Coefficient
Xq mg /M3
X7°xqq imq/M;
YXGY°q img/M;
XVX@°q | mg/M;
XY XGVuq 1/M?
XY xqvg | 1M
XVxa’e | 1/ME
XY xqv’q| 1/M;
Xo"'xqowg | 1/M;
X0 Xqouwq| i/ M
WXGuwGH | as/AM]
XV XGuwGHY | s [AM?

YXGWG™ | ias/4M3

XV XG WGP | s JAM
XM X Fy M

X’O‘MV’Y5 X D
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Dirac VWIMP

Name| Operator |Coefficient
YXaq mg /M3
X7°xqq imq/M;
YXGY°q img/M;
XVX@°q | mg/M;
XY XAV 1/M?
XYY x@yeg | 1/M;
Well Understood gnee | 1/M2
XYY xav el 1/M;
X0 xqouwq | 1/M;
XOuw Y’ Xqouq| i/ M
WXGuwGH | as/AM]
XV XGuwGHY | s [AM?

YXGWG™ | ias/4M3

XV XG WGP | s JAM
Need Work! Lo\ Fy M

E/M DIPOle s XY X Epw D




Dirac VWIMP

All direct detection experiments are
sensitive to finite momentum
transfer. They can say something
about these interactions, even if
they are suppressed at low velocity.
What are they telling us about
them?

It's not clear which experiments are
providing the best limits on these
types of interactions.

Need Work!

E/M Dipole <<

Name| Operator |Coefficient
Xq mg /M3

Y7’ Xxqq img /M. 3
YXGY°q img/M;
XVxa’q | me/M;
XY XGVuq 1/M?
XYY Xqyug | 1M
XYXqwY’q | 1/M?
XY xqv’q| 1/M;
Xo"'xqowg | 1/M;
X0 Xqouwq| i/ M
WG G| s /AM?
XV XGuwGHY | s [AM?

YXGWG™ | ias/4M3

X’YVSXG;W GHv Qs /4]\[3
XM xF M

XO VX F D




Nuclear Response

O; Nucleon Scattering

There are five different nuclear
responses to low energy scattering
with dark matter.

(The usual Sl is one and SD is a linear
combination of two others).

Oy Proton Scattering

Different target materials are sensitive  [HHnans
. . R 6

to different combinations of the

various response types.

A large part of understanding those
momentum-suppressed interactions
on the previous slides would be
captured by understanding how they
map onto the response functions and : :

.. ) Fitzpatrick, Haxton, Katz, Lubbers, Xu
how eXIStIng and future eXperImentS JCAP 302,4 (2013 [1203.3542]
map them out. & [1211.2818]




Dipole Interactions

Dipole interactions are
very challenging at
colliders, but are
effectively probed by -COMS-I

- XENONI100

direct searches. | bANA

JF Fortin, TMPT
PRD85, 063506 (2012)
[arXiv:1103.3289]

Magnetic Dipole (D15)



Lepton Interactions!?

® [epton interactions are difficult for
direct detection, because the electron
wave functions are too diffuse at the
characteristic momentum scale.

® But there are interesting things to be
said! See Peter Graham’s talk from
this morning!

® There are also connections between
lepton couplings and the E/M dipole
interactions.

® Direct detection can be better than
LEP for some masses!

(\’l—|
=
2
b&
=
o
=
Q
O
9]
72]
7]
o
=
O
o=
Q
+—
o
=
T
A
E

Fox, Harnik, Kopp, Tsai
PRD 84,014028 (201 1)
[1103.0240]

WIMP mass m, [GeV]




More Interrelations...

Haisch, Kahlhoefer

= === CDMS-II Ge (low) [1302.4454]
— == XENON100 2012

— ATLAS 4.7 fb~!
Relic density
m—— Fermi—LAT

Some of the quark interactions such as D9 feed into Sl interaction types
and get stronger bounds from DD than one would naively have guessed.

These also improve our predictions for signals (see Richard Hill’s talk from
this morning).



There’s lots of work to do!

® A very positive step toward answering parts of the
charges would be to flesh out these ideas and more.

® | et me emphasize the “more”. These are random
ideas for directions | am writing down... there are a
lot more to discuss!

® Please send an email to me (ttait@uci.edu) with
ideas for contributions. I'll try to put like-minded
people together and coordinate.

® We’ll start having semi-regular meetings to discuss.


mailto:ttait@uci.edu
mailto:ttait@uci.edu
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Bonus Material



Sketches Can Be Useful

bg' VE BEEN AND WE HAVE A K
STUDYING MATTER rlr'E UNDERSTANDING AND ALL OF A SUDDEN WE
FOR A COUPLE OF CHEMLCALG ETC... DISCOVER TUAT ALL THAT
won WE'VE BEEN DONG,
S

HUNDRED /mzs
{ IS ONLY ON A )
TINY FRACTION

OF WUAT TUE
UNIVERSE 1S
MADE OuUT OF!

PILED HIGHER & DEEPER

TRUE TALES

DARK
MATTERS

A CONVERSATION WI(TH DANIEL
WHITESON AND JONATHAN FENG

BY JORGE CHAM

WWW.PHDCOMICS.COM
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How about Simpler Theories?

Less Complete

Can we meet in the middle?

Effective Field Theories

Simplified
Models

Y N Models
Higgs ..

portal w o

UV Complete

Sketches of Models Models

Little

? Higgs More

Are sketches of models useful? .
omplete



Contact Interactions

A

Most of the work so far on the “less

complete” end of the spectrum has been in
the language of contact interactions ;
describing ultra-heavy mediators. :

This is a natural place to start, since
effective field theory tells us that many
theories will show common low energy
behavior when the mediating particles are

heavy compared to the energies involved. X
The drawback to a less complete theory is Y !
that it can’t answer every question.
2
® E.g Quark interactions are disconnected l % — Gepy
7

from lepton interactions.

X
Outside of its domain of validity (at high )
enough energy), it just breaks down. X



Majorana VWIMP

As an example, we can write down
the operators of interest for a
Majorana WIMP interacting with
quarks and/or gluons.

There are 10 leading operators
consistent with Lorentz and SU(3) x
U(1)em gauge invariance coupling the
WIMP to quarks and gluons.

Gluon operators are normalized by
s, consistent with their having been
induced by loops of some heavy
colored state.

Each operator has a (separate)

coefficient M+ which parametrizes its
strength. cher operat.ors may be rewrltterf in
this form by using Fierz transformations.




EFT Cartoon

® Here are some cartoons for how a SUSY-like Majorana WIMP can pick up
couplings to quarks and/or gluons.

® (Quarks:
X 92 1 X
TM2 A2 )
f ! X
X
® Gluons
C 2
S B : as g~ s _
C : ~J 5 <> 3 p—
X S 47 MCMév Ag

® Fach requires new states with masses heavier than the WIMP.



The point is to

Photons fill in the puzzle!

Anti-matter

Gamma Rays

LHC X LEP

Neutrinos

Leptons

Direct Scattering




From Mono-jets into Direct
Detection
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(See also: CMS for D5 and D8 from mono-jets/photons)
Original Theory mappings:

Beltran, Hooper, Kolb, Krusberg, TMPT JHEP [1002.4137]
Goodman, Ibe, Rajaraman, Shepherd, TMPT, Yu  PLB [1005.1286] and PRD [1008.1783]
Rajaraman, Shepherd, TMPT, Wijangco PRD [1108.1196]
Bai, Fox, Harnik  JHEP [1005.3797]
Fox, Harnik, Kopp, Tsai PRD [1109.4398]




