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Combination with Feynman diagrammatic result

MSSM particles:

name
Higgs bosons
Goldstone bosons
squarks

sleptons
neutralinos
charginos

gluino

» sleptons, squarks — mass scale Mg =

spin gauge eigenstate

0
0
0
0
1/2
1/2
1/2

mass eigenstate

Hio h, H, A, H*
Hiz G, G*
qr,Rr Q1,2
€L,Ry ML,R; - €12, 1,2, -
B, Higa, WO 29,2,3,4
7:[%:,27 W:t f(it,Q
g g
m;, Ty,

» heavy Higgs (H, A, HT) — mass scale My

» charginos, neutralinos — mass scale My, Mo, i



Hi,2 get vev's vy, vo:

Stop mass matrix:

M?2 ~

t

tan 8 = kel
U1

m% + mt2 my Xy
my Xy m% + th
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v

v

v

v

mass of the lightest Higgs can be calculated in the MSSM

terms up to 3-loop level are known
2

calculation yields terms o In (%5)

t

for large sparticles masses Mg > m; logarithms get large

Higher order logarithms are relevant

= resummation of logarithms needed
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Higgs mass

M2 = 2X(Q = my)v?, how to get A(m¢)?

Idea: Effective field theory
Mg mass scale of SUSY-particles, above — MSSM, below — SM

> A fixed in MSSM: A(Mg) = +(g° + g”?)c3 at tree-level

= use SM-RGEs to run A down:

A(Mg) " A(my)
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Notation: t = In Q% k = 1/(1672), hy = my/v

ax 2 2 4

= = 6k (X2 + AR} — h{)
Solve iteratively:

me g\

Mg dt

~ M Ms) — 6k (/\Q(MS) + A(Mg)hi (my) — hf‘(mt)) In <M§2> ~

M2
~ Airee + 6kR} (my) In <g>
my

Solve numerically:

= Resummation of large logarithms to all orders
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(sub)leading logarithms

Use 1-loop RGEs — Resummation of leading logarithms (k™ L™)
Use 2-loop RGEs — Also next-to-leading logarithms (k" L™~ !)

Additional complication:

Threshold corrections

)‘(MS) = }1(92 + glz)cgﬁ + AN thres

» originate from integrating out heavy sparticles

» n-loop threshold corrections result in (next-to)"-leading
logarithms

> Adinres = 6khF (X7 = H51) (K = X/ M)
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FeynHiggs already contains full 1-loop and partial 2-loop results

4

Double counting has to be avoided:
= Subtract logarithms from the diagrammatic result
= Subtract non-logarithmic terms from the RGE result

RGEs derived in MS, diagrammatic calculation in (O H
= Conversion MS ¢ OS is mandatory: A95 = AMS 4 5495

4

M =(M)™ + (AMZ)RP (XM
_ (AM,%)RGE’HOH_IOg(XtOS) _ (AM,?)FD’LOgS(XtOS)
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FeynHiggs 2.10

Resummation of leading/next-to-leading logarithms o< avy, as

» weak gauge couplings are neglected (g = ¢’ = 0)
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Use of full 2-loop SM-RGEs, including g, ¢’ with all sparticles at
scale Mg

» avoid double-counting of electroweak logarithms at 1-loop

» new threshold corrections (e.g. Bagnaschi et al.: arXiv:1407.4081)
)\(MS) :)\tree + A)\s‘cop + A)\heauvy Higgs + A)‘chargino/neutralino
+ AN
» additional terms in MS < OS conversion

_ 3 N M32
~~

9,9 Higgs Z,W*




Electroweak contributions
Chargino/Neutralino threshold
Gluino treshold

Scheme conversion and tg

140 ————————————————

N LL ts =10, M, = M, = Mg, X,/Ms =0 -

- LL+NLL E

1351 , ]
C===-- LL (g=¢ =0) ]
C-=--- LL+NLL (g =¢ =0) -

= 130~ FH (no resum) =
o T om=== ]
< N P oL 7
S 1sp e e .
120 .
115 L L L L M B
5000 10000 15000 20000

Mg [GeV]

13/23



M, h [GeV]

155

150

145

140

135

130

125

120

115

Electroweak contributions

Chargino/Neutralino threshold
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Additional threshold M, = My = My = p (my < M, < Mg),
above which charginos/neutralinos contribute to RGE running

M, Mg
1 1

my
\
SM, Bsm A/\my:;s(ﬂ/\f) Split-model, 8, (chargino/neutralinos present) )\<1sz>

/\(;777)
he(mye), gs(my), ...

MSSM

» gaugino-gaugino-Higgs couplings §14,14,24,24 fixed at
Q= Mg
(e.g. Giudice et al. arXiv:1108.6077)

» threshold corrections at @ = M,
)‘SM(MX) = AX(MX) + A>‘chargino/neutmlino
ht7SM(MX) = ht,X(MX) + Aht,chargino/neutralino
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Additional threshold My (m; < Mz < Mg), above which gluinos
contribute to RGE running

» no additional threshold corrections at one-loop
(gluino enters at two-loop level)

» only modifications of RGEs above @) = Mj necessary, e.g.

dgs —%kgg’ for Q < Mj

dt —Skgy for Q > Mg
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Scheme conversion

MS  OS conversion: Xi, Mg, M, Mg, my, My, Mz

v

v

v

only logarithmic terms relevant
definition of counterterms:
— e 2 _ 1 (Mysar2 | My a2
o Ms= i, - oME =4 (52oM2 + Zrom2)
* M, = Mgy — use mass counterterm of %3
e My — use mass counterterm of g

m; — use running mass in Feynman diagrammatic result

My, Mz (g,¢") — no logarithms (effective theory is SM)
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Question

How to handle tg7

» DR <+ MS conversion
~~
FeynHiggs RGEs
» running of ¢g:
o FeynHiggs takes tg(p = my) as input, t3(Mg) needed
e definition of tg in effective model below Mg?

> so far (hy = hy/sp):

{
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Large SUSY-scale — large logarithms = resummation
necessary
FeynHiggs 2.10: resummation of logarithms o oy, ag

Extension I: resummation of logarithms o< aey,

up to ~ 3 GeV

Extension II: intermediate chargino/neutralino threshold
up to ~ 2 GeV

Extension III: intermediate gluino threshold

up to ~ 0.3 GeV (X; =0), ~2 GeV (X; =2)

(mainly due to two-loop non-logarithmic terms)

V)
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v

inclusion of (s)bottom contributions

v

hierarchical stop spectrum — two stop thresholds

v

heavy Higgs threshold

\{

next-to-next-to-leading logarithms using 3-loop RGEs
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Standard Model RGEs (1 loop):

i
dt

dhy

a2

dgs
dt
dg'
dt
dg
at
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Split Model Langrangian:

1 1 S 1 S U
L:split :<07 —§M3§a§a) - §MX Wa Wa - EMXBaBa — MXHJEHd

1 - o~
— —H' (§ouo® W + 31,B) H,

\/5 (92 g +gl )

1 - e~
- —ZHTG (—G2a0* W* + g1aB) Hy

%

+ h.c. + ...
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Split Model RGEs (1 loop):

dg 15

A

dg 7

P v

dg3 _ 75
i <2 2>k93

dh 1 9 17 9
Ttt =§kht [—Z!] —8g5— =g+ ht + 5 (gld + 0ty + 3554 + 3!]2u)}
dX

1 N N 9 - o L . -
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3 14

3 o _ _
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Split Model RGEs (1 loop), cont.:
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A(Ms) = 1 eos?(28) (¢ + o)

tree level

3 12 4 12/2 1/4
kK4 6%)9 t599° 9

tree-level term DR — MS

1 N 1 N
6h2k { {iﬂ P ) %] f2 - 12th;‘}

stop-threshold corr.

1 .
— ki (g + 9 e XT

stop-threshold corr.

3 2 2\2 2
—Ek(gl +9°)s1p

heavy Higgs threshold corr.




1 9
Gru(Ms) = gsg Q L+ k —247¢3) + g% (44 +Tch) + —5 7
207 4s?
1
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)‘SM(MX) = AX(MX)

7 . 5 9 _ 5 3. 7
+k {—ﬁ(gi‘d +01a) = 7(@2a+ 8) — 58008, — 593495
8 T 9 o 9.9y 1o 9 5 9
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4 N .
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gx(My) = gsm(My)
9 (My) = gsn(My)
93,5 (My) = g3, sm(My)
1. . 1, .
ht,x(Mx) = ht,SM(Mx) {1 -k [gglugld + ﬁ(g%u + g%d)

1. 1, 5 B
+ 5921;92(1 + Z(g2u + 334)
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one-loop logarithms (M, = Mgysy):

I
1927 M2, 52,
ey (22Miy — 64M3, MZ + 41M7) — 9M ey

MM = {288 M} + 144m M ey

M2
=56 My — 256 M7, M3 + 10103 } In (m?>

chargino/neutralino contribution:

2
aMz

M2
(10¢2(2¢2, — 1) — 1) cag + 2¢2(22¢2 — 5) + 11| In <X>
247t [ ’ } mg
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