
Cosmic Antiproton Constraints on 
Dark Matter Effective Interaction

Tzu-Chiang Yuan
Academia Sinica, Taipei, Taiwan

Talk at Portorož 2011 -- The Role of  Heavy Fermions in Fundamental Physics, 
April 11 - 14 (2011), Portorož, Slovenia

Based on Kingman Cheung, Po-Yan Tseng and TCY, arXiv:1011.2310[hep-ph] JCAP01 (2011) 004

Tuesday, April 12, 2011



!"#$%&'(#)%"

! "#$%&'$($)*%+,((%-$)(.*/%01%203-%45%6/%7589%2033,60',*.0)%.(:

.(%*#$%+,((%-$)(.*/%01%;45%)0'+,3.<$-%6/%*#$%2'.*.2,3%-$)(.*/=%%%%%%.(%*#$%>?663$%

20)(*,)*%.)%?).*(%01%%%%%%%%%%%%%%%%%%%%@%

! A1%*#$%45%B,(%&'0-?2$-%!"#$%&''().)%*#$%$,'3/%C).D$'($=%*#$%45%

,)).#.3,*.0)%2'0((%($2*.0)%.(%,60?*%*#$%0'-$'%01%*#&+),-!#$&.!,/-0

.(%*#$%45%&,'*.23$=%%%%%%%%.(%*#$%,)).#.3,*.0)%2'0((%($2*.0)=%%% .(%'$3,*.D$%D$302.*/=%%%%%%

.(%*#$%*#$'+,3%,D$',E$@%

!
"#$"%% "#""&!!"# $! " #

!"#! $
$"" ' '%& ' #()

! "#$
( "#%$*

(+
$ , (+

,
$

$
! ! !

* $ , ,$

% &$

% &!

Tuesday, April 12, 2011



! "#$%&'($)*#$+,-./)-)/'&-0$&-)1,#$'2$345$61)$(#$%&'($-$0/))0#$-6'1)$

/)7$8-,)/90#$&-)1,#:

! ;&$)*/7$(',%5$(#$17#$)*#$!""!#$%&!'%($!)*#$%+( )'$<#79,/6#$)*#$

/&)#,-9)/'&7$6#)(##&$34$-&<$=4$8-,)/90#7:$34$#>/7)7$/&$-$*/<<#&$

7#9)',$-&<$/&)#,-9)$(/)*$=4$8-,)/90#$./-$-$*#-.?$@#</-)',:

! A',$#>-@80#5$)*#$/&)#,-9)/'&7$6#)(##&$-$2#,@/'&/9 34$$$$$$-&<$)*#$

0/+*)$B1-,%7$B$C15<575956D$9-&$6#$<#79,/6#<$6?$$$$$$$$$$$$$$$$$$ 5$(*#,#$$

! E*#,#$*-.#$6##&$7'@#$(',%7$)'$9'&7),-/&$)*#7#$#22#9)/.#$

/&)#,-9)/'&7$6?$8,#7#&)$-&<$21)1,#$9'00/<#, #>8#,/@#&)75$-&<$+-@@-F

,-?$#>8#,/@#&)7:

! "! "!! !# #$ $

" " "
# ! # # # # #$

%& %& % %' ' ( ( ( ( ($ $ )

#

[See e.g. Cao et al, 0912.4511; Bai et al, 1005.3797; Goodman et al, 1008.1783, 
1009.0008; Mack et al, 0803.0157; Fan et al, 1008.1591]

Tuesday, April 12, 2011



In this work 

• We use relic density from WMAP to obtain a 
lower bound on the DM annihilation cross 
section. This provides us a lower bound on 
the strength of  DM effective interaction (or 
upper bound on the DM scale). Otherwise, 
there would be too many DM in the universe.

• We use the cosmic antiproton flux from 
PAMELA to give us an upper bound of  the 
strength of  DM effective interaction which 
translate into a lower bound on the DM scale.
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good description of PAMELA antiproton data with the
inclusion of the wino-annihilation signal. Given current
uncertainties on propagation parameters, this primary com-
ponent cannot be ruled out. It has also been suggested that
the PAMELA positron data can be explained without in-
voking a primary component. This is possible if secondary
production takes place in the same region where cosmic
rays are being accelerated [11]. An increase in the anti-
proton [33] and secondary nuclei abundances [34] are also
predicted in this model. The solid line in Fig. 3 shows the
prediction for the high-energy antiproton-to-proton flux
ratio. While this theoretical prediction is in good agree-
ment with the PAMELA data, in this energy region it does
not differ significantly from the expectation for standard
secondary production models. Comparisons with experi-
mental secondary cosmic-ray nuclei data are needed along
with higher energy antiproton measurements. New data on
the boron-to-carbon ratio measured by PAMELAwill soon
become available, while the antiproton spectrum is likely
to be probed at higher energies by AMS-02 experiment
[35] which will soon be placed on the International Space
Station.

We have measured the antiproton energy spectrum and
the antiproton-to-proton flux ratio over the most extended
energy range ever achieved and with no atmospheric over-
burden. Our results are consistent with pure secondary
production of antiprotons during the propagation of cosmic
rays in the Galaxy. We note that the quality of our data

surpasses the current precision of the theoretical modeling
of the cosmic-ray acceleration and propagation mecha-
nisms. Improved models are needed to allow the full
significance of these experimental results to be understood.
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PAMELA

FIG. 3 (color). The antiproton-to-proton flux ratio at the top of
the payload obtained in this work compared with theoretical
calculations. The dotted lines show the upper and lower limits
calculated for a pure secondary production of antiprotons during
the propagation of cosmic rays in the Galaxy by Donato et al.
[37] for a diffusion reacceleration with convection model. The
dashed line is a calculation by Kane et al. [14] including both a
primary antiproton component from annihilation of 180 GeV
winolike neutralinos and secondary antiprotons (dashed-dotted
line for the secondary component). The solid line shows the
calculation by Blasi and Serpico [33] for secondary antiprotons
including an additional antiproton component produced and
accelerated at cosmic-ray sources.

kinetic energy [GeV]
-110 1 10 210

/pp

-610

-510

-410

-310

BESS 2000 (Y. Asaoka et al.)

BESS 1999 (Y. Asaoka et al.)

BESS-polar 2004 (K. Abe et al.)

CAPRICE 1994 (M. Boezio et al.)

CAPRICE 1998 (M. Boezio et al.)

HEAT-pbar 2000 (A. S. Beach et al.)

PAMELA

FIG. 2 (color). The antiproton-to-proton flux ratio at the top of
the payload obtained in this work compared with contemporary
measurements [21–24,26] and theoretical calculations for a pure
secondary production of antiprotons during the propagation of
cosmic rays in the Galaxy. The dashed lines show the upper and
lower limits calculated by Simon et al. [6] for the leaky box
Model, while the dotted lines show the limits from Donato et al.
[37] for a diffusion reacceleration with convection model. The
solid line shows the calculation by Ptuskin et al. [36] for the case
of a plain diffusion model.
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Data very close to background, unlike the positron. 
It can provide stringent constraints on DM physics.

PAMELA p̄ Data (2010)
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[For more complete list of  effective operators, see Nobile and 
Sannino, arXiv:1102.3116]

[For spin-dependent effects, see Freytsis and Ligeti, arXiv:1012.5317 (Ligeti’s talk)]

Finally,

Except for O1,3,5,6, all other operators are suppressed by
either mq, αs or vχ.
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Operators Λ (TeV)
mχ (GeV) = 50 100 200 400

Dirac DM, Vector Boson Exchange
O1 = (χγµχ) (q̄γµq) 1.15 1.34 1.57 1.66
O2 = (χγµγ5χ) (q̄γµq) 0.033 0.038 0.045 0.047
O3 = (χγµχ) (q̄γµγ5q) 1.15 1.34 1.57 1.66
O4 = (χγµγ5χ) (q̄γµγ5q) 0.19 0.15 0.11 0.09
O5 = (χσµνχ) (q̄σµνq) 1.37 1.60 1.87 1.97
O6 = (χσµνγ5χ) (q̄σµνq) 1.36 1.60 1.87 1.97

Dirac DM, Scalar Boson Exchange
O7 = (χχ) (q̄q) 0.012 0.013 0.014 0.015
O8 = (χγ5χ) (q̄q) 0.12 0.13 0.14 0.15
O9 = (χχ) (q̄γ5q) 0.012 0.013 0.014 0.015
O10 = (χγ5χ) (q̄γ5q) 0.12 0.13 0.14 0.15

Dirac DM, Gluonic
O11 = (χχ)GµνGµν 0.013 0.015 0.019 0.027
O12 = (χγ5χ)GµνGµν 0.13 0.15 0.19 0.27
O13 = (χχ)GµνG̃µν 0.013 0.015 0.019 0.027
O14 = (χγ5χ)GµνG̃µν 0.13 0.15 0.19 0.27

Complex Scalar DM, Vector Boson Exchange

O15 = (χ†←→∂µχ) (q̄γµq) 0.033 0.038 0.045 0.047

O16 = (χ†←→∂µχ) (q̄γµγ5q) 0.033 0.038 0.045 0.047
Complex Scalar DM, Scalar Vector Boson Exchange

O17 = (χ†χ) (q̄q) 0.16 0.13 0.099 0.074
O18 = (χ†χ) (q̄γ5q) 0.16 0.13 0.099 0.074

Complex Scalar DM, Gluonic
O19 = (χ†χ)GµνGµν 0.18 0.15 0.15 0.18
O20 = (χ†χ)GµνG̃µν 0.18 0.15 0.15 0.18

Table 3. The 3σ lower limits on the operators listed in table 1. We take the coefficient C = 1 with
mχ = 50, 100, 200 and 400GeV. We have used the PAMELA data points above the kinetic energy
T = 4 GeV in our analysis, because of the large uncertainty of the theoretical background at low
energy. The χ2(bkdg) = 5.0.

Dirac DM with scalar-boson exchanges naturally give rather weak limits, because of the factor
mq in the coupling constant. In addition, operators O7,9 are suppressed by the velocity. The
gluonic interactions in the operators O11−14 also give mild limits because of the αs ≈ 10−1 in
the coupling constant, in which the operators O11,13 are further suppressed by velocity. On
the other hand, the operators for scalar DM give rather mild limits, especially O15,16 give the
weakest limits, because the derivative couplings in O15,16 bring down a factor of momentum.

6 Discussion and conclusions

Here we do a comparison with the limits obtained in ref. [7], in which limits from relic density,
Tevatron, and gamma-ray are shown. Comparisons are summarized as follows.

1. The limits due to relic density obtained in this work are consistent with results of ref. [7].

– 11 –
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Discussions and Conclusions

These constraints for effective operators of DM and
light quarks and gluons may give useful information
for collider searches and direct detections.

•
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