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Minimal Supersymmetric Standard Model

Ga ugino and higgsino fields Standard particles Supersymmetric partners
mix into mass eigenstates

1. Neutralinos
X0 X2, K30 Xa
2. Charginos

~+ ~t
Xl ’ XZ

@ Quarks @ Leptons ® Force particles @ Higgs Sector @ Squarks @ Sleptons @ Force particles @ Higgsino Sector
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Neutralino Sector

° SUSY-Pa ra meters Ml’ sz ‘Ll, tanﬁ M cos? By 4+ My sin® Oy (Mo — M) sin By cos By 0 0
. . Mo — (Ma — M) sinfw cosw M cos? Oy + Mo sin® Ow myz 0
* M, can only be determined with y 0 mz psin28  —ucos2s
Neutralinos 0 0 “hoos2f —usin2p
* M, u, tan B are determined using 2 M2+ yM, — % =0, for i=1234
chargino data |
xr; = —m;? + a41m;1~(? — Gglm?(? + api,
Yi = a42m;§g - 022?71?(? + Qoz,
z; = ng - Gssm?(g + 043771;12? - az:amfzg + o3,

ay with k = 0,2,4,6; 1 = 1,2,3 coefficients depending on M,, i, tanf3
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Chargino Sector M, VB cos
o |

* Two unitary transformations for v 2myy sin 3 iz
chargino mixing Uy p ( X1 ) U, ( W™ )
L.R ’ L.R

.« e I:‘I_
*  Two mixing angles @, p

[ cos®r,r  sin®p g
LR = :
—sin®r r cosPr g

Goal: |
2 2 2 2
*  Use ®pp, myx, my+ torecalculate mi, = 5(My+p+2my F Ac)
) 1 2 1
SUSY-parameters cos2¢r = —(My —p* F 2miy cos2f8)/Ac

Ac = [(M3F — 1) + 4miy, cos® 26 + dmiy, (M3 + p?) + 8miy, Moy sin 2]'/2
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Chargino Sector | | sin 20, + sin 20,

cos 20y — cos2dp

* M,, u, tanp can be calculated using p, q, r with 1cos 2@y, + cos 20p

2 mjz‘(f = pcos2®; — cos2Pp
r m‘z/l, My = m_\/vl/ [(p+¢q)sinfg — (p — q) cos 3]
- Sign of p is ambiguous since o*{ij} is calculated mfv .
using cos(2®; r) po= W[(P—Q)Smﬁ—(p-l-q)cosﬁ]
tanf = [p2q2i\/rz(p2+q2+2r2)r
(m— m)z — 2r?

o {ij} = ¢y cos? 2Py + 308 2P, + 3082 2P + ¢4 c08 2P + 508 2P cos 2P + ¢
T — +o— Vetvas
o{ij} = aleTe” = X7X])

08.06.2023 Direct and indirect searches in the MSSM — Florian Lika 5



My | 175.09 GeV || o o6 | 1744.2519 fb
ot M, | 17825 GeV | o4Ws o6 |  49.8956 fb
niversitt Hambrg po | 121585 GeV || 0™ o6 | 1265.4737 fb
DER FORSCHUNG | DER LEHRE | DER BILDUNG tan 3 34.81 o108, 0.6 35.6168 fb

My | 536.9 GeV m 177.1484 GeV

Cross sections

o

* Sneutrino mass M5 relevant ]

in t-channel propagator L 2]
= Finding sensible limit becomes = — VE- DGV, R =08 P =405
. . . t 1500 Vs =400GeV, P,- = +08, P.s = —0.6
|mportant ObJECtIVE " — V5=500GeV, Pe = —08, Pov = +0.6
s — /5=500GeV, P,- = +0.8, P,y =—0.6

*-:- 1000

500 4

o = *
(I) 250 5(‘1!0 T-E"n(] 1(,;00 12I50 15:()() 1 7'50 '20|00
M; in GeV
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Strategy

«  Take a parameter point with correct dark matter relic density
. Determine g(ete™ —» %, " #, ) and chargino masses
. at+/s = 400 GeV, 500 GeV
«  With P,- = F0.8and P+ = +0.6
. Considering necessary uncertainties especially from M5
*  Calculate chargino mixing angles
. Redetermine chargino SUSY parameters — M,, u,tan 3,
«  Calculate neutralino masses
*  Redetermine neutralino SUSY parameters — M,

*  Recalculate DM relic density including all uncertainties
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Dataset

Bino/Wino dark matter with #{-coannihilation

Constraints:

08.06.2023

Muon (g — 2) —BNL and Fermilab

Vacuum stability — stable and correct EW vacuum
LHC constraints —all relevant SUSY searches

Dark matter relic density constraints — Planck 2018
Direct dark matter detection — XENONTT

Manimala Chakraborti, Sven Heinemeyer, Ipsita Saha
arXiv:2104.03287v1

100GeV < M; < 1TeV

M < M, < 11M;

1.i1M; <= pu < 10M;
5 < tanf < 60
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My | 175.09 GeV || o o6 | 1744.2519 fb 100GeV < M; < 1Tev
ﬂ/fg 178.25 GeV 0#25?8,7(} 6 49.8956 fb M, £ M, < 11M;
it | 1215.85 GeV || o®Vs Lo | 1265.4737 fb
. . .8,+0.6
Lo} Universitit Hambur = ’ 1.1M; < u < 10M
DER FORSCHUNG | DER LEHRE | DER BILDUNE tan 6 34.81 gi(g?&f(}b 35.6168 ﬂ) !
M; | 536.9 GeV m, + 177.1484 GeV 5 = tanf =< 60
1
2500 i
2500 1 \
600 A
2250
2250 4 50
500 4 2000 2000 1 il —
s b 40
1750 50 4 %
% ) % % 1750 -
O 400 1 0} G iy
£ c c 8
) 1500 ‘< 2 1500 A 30 ©
300 1950 1250
20
1000 A
1000
200 A
750 A
750 ’ 10
2[IJ() G(I)[) 2(I]() 3(I)() 4(|)0 -5(’)0 6(I)()
M; in GeV
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My | 175.09 GeV || o o6 | 1744.2519 fb 100GeV < M; < 1Tev
ﬂ/fQ 178.25 GeV 0#25?8,7(} 6 49.8956 fb M, < M, < 11M,
500 =
{21 Universitit Hambur oo 1.1M; < u < 10M
DER FORSCHUNG | DER LEHRE | DER BILDUNE tan jB 34.81 gﬁ?&%l-ﬁ 35.6168 ﬂ) ! !
M; | 536.9 GeV m, + 177.1484 GeV 5 = tanf =< 60
1
ki ically all d
Dataset — kinematically allowe
5 1800
200 S 1800
AL
1 4
: '.:3‘??‘ 50
100 ] \}-—i 1600 1600 4 .
w i\"o'. 1
e )
180 ; 'x,;“ « 1400 1400 A 10
s e > z
(2 \;";‘{‘," (0] 0] * : Q;
< 1704 L 1200 S < 1200 1 % 30~
S 1000 1 AR
160 1000 Bt 20
1 800 i . .
150 800 [R— g
Y : - : 10
600
130 140 150 160 170 180 190 200 130 140 150 160 170 180 190 200
M, in GeV M, in GeV
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My | 175.09 GeV || o o6 | 1744.2519 fb 100GeV < M; < 1Tev
ﬂ/fg 178.25 GeV 0#25?8,7(} 6 49.8956 fb M, £ M, < 11M,
500 =4
[o1 Universitit Hamb 8,0 11M;, < u < 10M
DER FORSCHUN::V:E;SLIEH?tE | D?lr:ILDl:J:E tan jB 3481 (Ti(gg?&f(}.ﬁ 356168 fb ! !
M, 536.9 GeV m, + 177.1484 GeV 5 = tanf =< 60
1
Dataset — Cross sections
. /5=400GeV, P.o = —08, P.. =406 Vs =400 GeV, P,- = +0.8, P,y = —0.6
3000 4 V3 =500 GeV, P,- = —0.8, P.x = +0.6 50 4 Vs =500 GeV, Po- = +0.8, Por = ~0.6
2500 - * AN
= . 2 ‘e
g . B 60 .t
— 2000 1 - ~ -
- .
+ : + = .
= 1500 1 "
T T 40
| |
R S |
[ : - [ - .,
e 20 - ee
500 -
0 - 0
140 150 160 170 180 190 200 140 150 160 170 180 190 200
my= in GeV M+ in GeV
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My | 175.09 GeV || 025 o6 | 1744.2519 fb
po | 121585 GeV || 0”Wg o | 1265.4737 fb

DER FORSCHUNG | DER LEHRE | DER BILDUNG tan jB 34.81 O-i)r(g?&f(}.fi 35.6168 fb
M; 536.9 GeV m,+ 177.1484 GeV
1.00

Mixing angles

o V5 =500GeV, P.- = +08, P,- = —0.6
¢ Single b ol Vs =400GeV, P, = +0.8, P.. = —0.6
INSTE DEAm ENETgy causes 20 Prediction (0.982,0.999)
ambiguities % Calculation (0.98,0.999)
0.25 1

- two energies remove ambiguity
* Direct vs. Indirect approach

* Indirect approach has slight
ambiguities in intersection 050 4
coordinates

08.06.2023

cos(2®p)
o
o
S

—0.25 4

—0.75 A

Vs =400GeV, P,- = —0.8, P.- = +0.6
/s = 500GeV, P.- = —0.8, P.- = +0.6

- 1-00 T I T T
—1.00 —0.75 —0.50 —0.25 0.00
cos(2®y)
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My | 175.09 GeV || 025 o6 | 1744.2519 fb
o | 1215.85 GeV || o®W o6 | 1265.4737 fb
DER Fonscr{ung:v;;sl.lsuaks | D?Rn;lLDl:J:E tan jB 3481 (Tj;g?a —0.6 356168 ﬂ)
M; 536.9 GeV N+ 177.1484 GeV
Mo o I Vs =500GeV, P, = —08, P+ = +0.6
ixing angles ol VEsuwcey B - —os. Py 106
Vs =500GeV, P- = +08, P+ = —0.6
. .. =400 GeV, P,- = +0.8, Py = —0.6
* Adding uncertainties 0.50 - g ? /
— 0.5% on chargino mass 0
25
— @Gaussian error on cross section ~
— 0.5% on polarisation S, 0.00
- Sneutrino mass error not included g
~0.25 1
e 1D Curves now become 2D
bands ~0.50 1
 Intersection becomes 2D area o
—~1.00
T100 075 050 025 0.00 . 1.00
cos(2dy)
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My | 175.09 GeV || 0P g6 | 1744.2519 fb
S | 121585 GeV || o™y o | 12654737 fb
DER Fonsmung:vl;;sl.lsuaks | D?Rn;lLDl:JLE tan jB 3481 Uﬁgg)g —0.6 356168 ﬂ)
M 536.9 GeV m, =+ 177.1484 GeV
1.00 < \/
o o —— Intersection
Mixing angles T oG, = 08,7 — 00
' Vs =400GeV, P,- = —0.8, P,+ = +0.6
V5 =500GeV, P,- = +0.8, P, = —0.6
[ ] =) -
Set theory approach 0.50 5 — 400GV, P — 408, Pox —
— Mixing angle bands are defined as
polygons using the shapely Python libary 0.25 -
— Intersection of polygons is calculated =
B
< 0.00 A
g
* Accurately describes all the points —0.25 -
within and on the boundary
.. . . . —0.50 -
e Calculation is easier, more efficient
and less ambiguous compared to 1D _ 754
case
-1.00
“1.00  —075 050  —0.25 0.0 0.25 . 1.00
cos(20,)
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My 175.09 GeV
My 178.25 GeV

oWs 06 | 1744.2519 fb

UH )
et Hars po | 1215.85 GeV || ™ o | 1265.4737 fb
niversitit Hambur . 5 ’ . .
DER FORSCHUNG | DER LEHRE | DER BILDUNE tan jB 3481 (T‘J)r(g?&f“.b- 356168 ﬂ)
M; 536.9 GeV m,+ 177.1484 GeV
Mixi | M
ixing angles - M;
M; = 536.9 + (—50) M; = 536.9 + (25)
1.00 1.00 ~
V5 =400,Pr = — 8 + .6 \ VE=400,P i -= —8+.6 \ :
0.75 V5 =500,Poso-= —8+ .6 0.75 - Vs =500,Ppt-=—8+.6
V5 =400,Ppso-= +.8 — 6 V5 =400,P4.-=+.8—.6
5= =48 5 =500,Ppte-=+.8— .6
0.50 V8 =500,Pt-=+.8 — .6 0.50 4 Vs +
0.25 1 0.25 1
3 :
2 0.00 S 0.00
g g
—0.25 A —0.25 1
~0.50 —0.50
—0.75 1 —0.75 1
—1.00 T T T T T T T —1.00 T T T T T T T
—1.00 —0.75 —0.50 —0.25 0.00 0.25 0.50 0.75 1.00 —~1.00 —0.75 —0.50 —0.25 0.00 0.25 0.50 0.75 1.00
cos(2®y) cos(2®r)
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M; | 175.09 GeV
M, | 178.25 GeV
i | 1215.85 GeV

oWs 06 | 1744.2519 fb

500

49.8956 fb

‘ 5 ‘ - )
DER FORSCHUNG | DER LEHRE | DER BILDUNG tan jB 34.81 (TJ)F(S?S’?(}.G 35.6168 ﬂ)
M; 536.9 GeV m,+ 177.1484 GeV
° °
Mixing angles - M;
M; = 536.9+ (—75) M; = 536.9 + (40)
1.00 7 1.00 -
V5 =400,P,0p = 8+ .6 -/, \ \ V3= A00.P,r = —8+ .6\
075 V5 =500,P,i,-=—8+.6 0.75 1 V5 =500,Poso-= —8 +.6
\/§:4OOYPe+e—: +.8—.6 \/3:4007Pe+e': +8—.6 \/
0.50 /s =500,P,+,-=+.8—.6 0.50 4 Vs =500,P.+.-=+.8—.6 /
0.25 0.25 4
s s
& 0.00 1 & 0.00 T
g 8
< <
—0.25 —0.25 A
—0.50 —0.50 1
—0.75 1 —0.75
—1.00 T T T T T T T —1.00 T T T T T T T
—-100  -075 =050  —0.25 0.00 0.25 0.50 0.75 1.00 —1.00  —0.75  —0.50  —0.25 0.00 0.25 0.50 0.75 1.00
cos(2®r) cos(2®r)
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My | 175.09 GeV || 025 o6 | 1744.2519 fb
et Hars po | 121585 GeV || 0”Wg o | 1265.4737 fb
DER Fonscr{ung:vni;sl.lsuaks | D?RI-I:ILD[:J:E tan jB 34.81 O-i)r(g?&f(}.fi 35.6168 ﬂ)
M; 536.9 GeV m,+ 177.1484 GeV
[ ] [ ]
Mixing angles - M;
1.00
1.0 4
0.75 -
0.50 1 0.9 +(-50) eV
+(#40) GeV
0.25 +020) Fedtro) dewd)
g . go.s- ‘ +0) Gev
~0.25 1 074
~0.50 ‘4 ) GV
0.6
—0.75
7100 T T T T T T T T T T T T
~1.00  —0.75 050  —025  0.00 0.25 0.50 0.75 1.00 0.6 o 0.8 0.9 10
cos(2®y,) cos(2®y,)
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Next Steps

e Automate uncertainties resulting from Sneutrino mass
* Neutralino mass calculations

* Describe SUSY-parameters using chargino and neutralino
calculations

* Relic Density
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Thank you

08.06.2023

5§

OUR NEW MODELS # 15 THE SCENARIO 2 15
OUTLINE A FEW BEST cAsE | | NoT 50 GREAT.
POSSBLE SCENARIOS.  SCENARIO.
H® @
g
g l )
o0
TIME —
SCENARIO 3 WOULD | | THEN THERE'S IF NOT, WE
BE PRETTY BAD. SCENARIO Y. DEFINITELY
VE THINK ITS A WANT TO
GRAPHING ERROR. ANOID 1T
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https://xkcd.com/2289/
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