NEUTRALINO DARK MATTER
AT TEV SCALE REVISITED

Andrzej Hryczuk
University of Oslo”

e
B Mt e T

M & B LA i i i b S o .

| based on:
) M. Beneke, A. Bharucha, F. Dighera,
,’ C. Hellmann, AH, S. Reckiegel, P. Ruiz-Femenia; 1601.04718

1 |
2 M. Beneke, A. Bharucha, AH, ‘G (?
N

*on leave from National Centre for X

S. Recklegel, 13 RUIZ_Femenia; anf” ep' Nuclear Research,Warsaw, Poland $

‘W ‘ RS e


http://arxiv.org/abs/arXiv:1601.04718

A

iy S S

ddabh

SO TR  SICS PN TICHI e W WNCVE IO N

B e e e e S e

Loivd

MOTIVATION

WHY HEAVY NEUTRALINOS AS DM?
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(Red circle) SUSY MSSM
A MSSM: Pure Higgsino
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as DD limits improve, WIMP

masses O(100 GeV) less 1

4+ SUSY =—> neutralino DM "moves to” (1 TeV

Relic density and ID limits/prosp

WIMP-nucleon cross section [pb]
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ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

Status: July 2015 V5=7,8TeV
Model &Y Jets EF [raam Mass limit V27TV 5=8TeV Reference
T
MSUGRA/CMSSM 03euit-2r 210jetsi3b Yes 203 |@E 18 TeV m@-m(z) 1507.08525
i pwg 0 26jels  Yes 20.3 850 GeV' m{E)=0 GeV, m(1% gen. g=r 1405.7875
@ G dat) compressed) monojet  13jets  Yes 203 100-440 GeV mmiE<10GeV 1507,05525
5§ a3 oalt e 2ep(oft-z) 2jels  Yes  20.3 780 GeV m{i})=0GeV. 1503.03290
4 343 26jets  Yes 203 1.33Tev m(i)-0Gev 1405.7875
o v Ofep 26jels  Yes 20 1.26TeV m(E4)<300 GeV, (i 1-0.5(m(¥})m(z) 1507.05525
@ 20 0-3jets 20 1.32TeV. mF})=0Gev 1501.03555
2 1204010 02l Yes 203 16TeV  tang>20 14070803
S GGM (bino NLSP) 2y - Yes 203 1.20TeV cINLSP)<0.1 mm 1507.05483
©  GGM (higgsino-bino NLSP) Y 1h Yes 203 1.3TeV m(1)<900 GeV, cr(NLSP)<0.1 mm, <0 1507.05493
= GGM (higgsino-bino NLSP) 2jets  Yes 203 125TeV m(¥4)<850 GeV, cr(NLSP)<0.1 mim, -0 1507.05493
GGM (higgsino NLSP) 2ep(7)  2jels  Yes 203 850 GeV m(NLSP)>430GeV 1502.08290
Gravitino LSP 0 monojet  Yes  20.3 865 GeV m(G)> 1.8 10 oV, m(z)=mig)=1.5 ToV 150201518
cg -bbY] 0 3b Yes 201 1.25TeV. miF})<400 Gev. 1407.0600
32 gt 0 710jets  Yes 203 1.1 TeV. (T} <350 GeV. 1308.1841
< & 01 e 3b Yes 201 1.3 TeV. i) <400 Gev 1407.0600
o Otey 35 Yes 201 13Tev m(E)<300GeV 1407.0600
L5 bbb SbE) o 2h Yes 201 |hy 100-620 GeV' miF})<90 GeV 1308.2631
g% biby, bi—tty 2e.p(S8)  08b Yes 203 |h 275-440 GeV' miT)=2 miEl] 4
8 A i-bh 1-2eu 12b  Yes 471203 | 7 IiHOSBTGEV 230-460 GeV 2m{f}), mif})=55 GeV 1209.2102, 1407.0583
L8 A Wit or et} 0-2e.u 02jels/1-2b Yes  20.3 90-191 GeV/ 210-700 GeV. Gev 1506.08616
E.’L: fify. et 0 monojetictag Yes  20.3 90-240 GeV 7}<85GeV 1407.0608
28 i {natural GMSB) 2ep(@ b Yes 2083 150-580 GeV m(E})>150GeV 1403.5222
@B fh, hoh +Z 3ep(Z) 1h Yes 203 290-600 GeV. m(¥})<200 GeV. 1403.5222
2ep 0 Yes 208 |7 90325 GeV/ m(E})-0 Gev 1403.5294
26 0 Yes 208 [F 140-465 GeV m(E})-0 GeV, m(Z. 9-0.5(m(E; }m(E}) 1408.5294
w 27 - Yes 208 [# 100-350 GeV SimiF; jem(F); 1407.0350
=3 Bep 0 Yes 203 i;,i; 700 GeV T 1402.7029
W vy 23eu 02fls  Yes 203 [Enih 420 GeV 1403.5294, 1402.7029
Wiy epy 02h  Yes 203 | BB 250 GeV. M )=m(F3), m(7)=0, sleptons decoupled 1501.07110
PRS0 5 —lul dep 0 Yes 203 |[day 620 GeV MEL=m(E2), miE%)=0, m(Z. 7)=0.5(m(%)sm(i) 1405.5086
(GGM (wino NLSP) weak prod. lep+y - Yes 203 | W 124-361 GeV. m 1507.05493
Direct {47 prod., long-ived £;  Disapp. ttk  1jet  Yes 203 |&F 270 GeV T iF)150 MoV, 1810.3675
Direct 1) prod., long-ived ¥{ ~ dEfdxtrk - Yes 184 | 482 GeV i i) -150 M 1506.05332
B g Stavle stopped 7 A-hadron o 15jets  Yes 276 |# 832Gev {1100 GeY, 10, 19106584
S G Stable g A-hadron rk - - ten |z 1.27Tev 14116785
DT GMSB, stable M~ fierte.) 124 - o1 |G 537 GeV 10<tang<50 14116795
Sa long-lived £ 2y Yes 208 fF 435 GeV 2<r(i})<3 ns, SPS8 model 1409.5542
displ. ce/ep/py - 203 |y 1.0 TeV. 7 <er(¥)< 740 mm. m(g)=1.3 TV 1504.05162
displ. vix + jets 203 | &) 1.0TeV. 6 <cr(F)< 480 mm, m; TeV. 1504.05162
LFV pp—s¥. + X.uosapjerjpr  eheTitT - - 208 % 17Tev 1503.04430
Bilinear APV CMSSM 2eu(S8) 03b  Yes 203 |ak 135TeV 1404.2500
prielemnivanel 4o - Yes 203 |¥} 750 GeV m(E)=0.25m(F} ), 42120 1405.5088
> epst - Yes 203 |& 450 GeV' miP)=02xm(Fi). diss#0 14055086
N o 67jets 208 |2 917 GeV BR(-BR(5)-BR (0% 1502.05686
B g8 ggg o 6.7 jets 203 |z 870 GeV mei%)-600 Gev 1502.05686
38 8oiut, hiobs 2e4(85) 03h Yes 203 |& 850 GeV 1404.250
AR, hi—bs o 2jets+2b 203 |& 100-308 GeV ATLAS.CONF-2015.026
iy, fi—bt 2ep 25 203 |@ 0.41.0TeV BR(G,->he/)>20% ATLAS.CONF-2015.015
Other Scalar charm, &—ct} o 2c  Yes 203 |& 490 GeV ] mif})<200Gev 1501.01325
107! 1 Mass scale [TeV]
n of the : le mass limits on new states or phenor hown. Alllimits quoted are observed tion n

no sign of new physics
at the LHC as well

ects need to be revisited
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MOTIVATION

WHY COMPUTE RELIC DENSITY WITH HIGH PRECISION?
Qcpvh? = 0.1188 + 0.0010
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* does not change much %

unc ertainty < 1 % - when varying experimental|

data combinations t

widely used codes e.g. DarkSUSY, micrOMEGAs have

comparable Gf not slightly worse) numerical precision

- (one-)loop corrections

theoretical uncertainty
significantly larger! &
. non-perturbative effects

LL resummation
Sommerfeld enhancement (SE)

Goal: calculate relic density + ID signals with SE in the full MSSM
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MOTIVATION

WHY COMPUTE RELIC DENSITY WITH HIGH PRECISION?
Qcpvh? = 0.1188 + 0.0010
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* does not change much % :

uncert ainty = 1 % i when varying experimental|

data combinations z

widely used codes e.g. DarkSUSY, micrOMEGAs have

comparable Gf not slightly worse) numerical precision

(one-)loop corrections
theoretical uncertainty

significantly larger!

non-perturbative eftects
LI resummation

Sommerfeld enhancement (SE)%

Goal: calculate relic density + ID signals with SE in the full MSSM  *
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THE SOMMERFELD EFFECT
& FROM EW INTERACTIONS
z force carriers in the MSSM: sm < m,
( Y5 W:lza ZO? h(1)7 hga H:l:
§; XO: X+: o YO byt
W — §Z°,h0 W+§ §§ |
H ,
) .
X l X—‘ T ' ’
M, > My
: at TeV scale = generically effect of O(1 — 100%)
- on top of that resonance structure
)
1 L—)effect of O(few)
for the relic density j
» Note: for ID the enhancement is significantly stronger! "L
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WHAT IS KNOWN...

WITH THE SOMMERFELD ENHANCEMENT

pure wino, pure higgsino
mixed wino-higgsino (with everything else decoupled)
stop and stau co-annihilations

gluino co-annihilation

Minimal DM model

| Only available tool for the MSSM:
DarkSE package extending the relic density by SE in DarkSUSY
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Based on a framework by Beneke,Hellmann,Ruiz-Femenia 12, ’13 ’14: ;

I.

...AND WHAT WAS IMPROVED

the Sommerfeld effect for P- and O(v2) S-wave

2. off-diagonal annihilation matrices (\‘\

New code (to be public):

not present in DarkSE

suitable for full MSSM

using EFT computation of annihilation matrices
one-loop on-shell mass splittings and running couplings
possibility of including thermal corrections

present day annihilation in the halo (for ID)
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total effect up to OGo%) |

accuracy at O(%), dominated by theoretical uncertinities of EF'T ‘f’ 5

o
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L—) caveat: still no NLO effects...



RESULTS

RELIC DENSITY
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tanf=15, M=12TeV, M4=10TeV
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RESULTS

INDIRECT DETECTION
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RESULTS

EXAMPLE: WINO-HIGGSINO POINT
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resonance moves
actual to the right
i Cross section W.I.t. pure wino
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correct RD can be achieved: ?2.
when varying sfermion masses

:‘__fﬁj\’;;similar study the pure Wino case:
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CONCLUSIONS

1. Correct relic density for wino-like neutralino in

A ot s S
SR g ' “ '

TV TN TRV Py e Y g

MSSM is obtained for wide range of masses:

f
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”pure wino” 3 E

pure wino f o

resonance wino-like (higgsit o)

mix. >O10%)

| wino-like (bino)!
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CONCLUSIONS
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CONCLUSIONS

1. Correct relic density for wino-like neutralino in
MSSM is obtained for wide range of masses:
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&é&. é" ”pure WiIlO”
*Q ;
2 pure wino S
: resonance e wino-like (higgsiro) 5!
mix. >O(10%) I, vino like (bino)|
a
=
L7 2 2.4 2.8 33 4 TeV =
2. (Close to) resonance regions give detectable ID signals
(partially already constrained - partially promising for detection)
in particular: extended allowed region with correct RD and
improving the AMS antiproton data fit exists
£
-




LSl Sl B S s el caiiaind Loy

CONCLUSIONS -

1. Correct relic density for wino-like neutralino in 2
MSSM is obtained for wide range of masses: ,
K- é‘ ” B !}
2 pure wino i
X )
. pure wino ‘

resonance wino-like (higgsil 0):

mix. >O10%)

wino-like (bino)
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L7 18 2 2.4 2.8 33 4. Tey o
2. (Close to) resonance regions give detectable ID signals E
(partially already constrained - partially promising for detection) k:
in particular: extended allowed region with correct RD and
improving the AMS antiproton data fit exists
Public code including full SE in the MSSM with accuracy for relic ||

density O(%) and running time O(min) to become available
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(L,S) 2XX XX
¢ fbc (2S+1 L))

(xXx)a— light — S.[f 5 Yy S, S S S p S S
1 A A
o Vel = a[fh( 0)] faa( O) | a[f-h(3 1)] 3faa(3 1) | a2 (a[gm(l 0)] g (1 O)
Ma 29

F(tPy)

+ 3120 (P51)] 3822(C51) + Sa | = | ?aa(1P1>+sa[?(3A';f)] ha(*P7))

[ 215,5)} i ,Acbxx—>x><(25+1 L)) ¢(L,5)
c ba

fa>§X—>XX (25—|—1 LJ)

Sa[f(*L))] =




Upper limits on the Wino model, if it accounts for the whole DM
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