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mass of the lightest Higgs can be calculated in the MSSM

terms up to the 3-loop level are known
2

calculation yields terms o In (%ﬁ) (Mg is stop mass scale)
t

for large sparticle masses (Mg > m;) logarithms get large

Higher order logarithms are relevant.

= resummation of logarithms needed
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Higgs mass

M2 = 2)\(Q = my)v?, how to get A(my)?

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

> A fixed in MSSM: A\(Mg) = (g° + g'*) ¢35 at tree-level

= use SM RGEs to run A down:

A(Ms) " \(my)
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Notation: ¢ = In Q2 k = 1/(1672), hy = my/v

dA _ 2 2 4
= = 6k (A2 + AR — hy)
Solve iteratively:
me d\
A(my) = N Mg) + —dt =
Mg dt
2 2 4 Mg
~ M(Ms) — 6k (\(Ms) + A(Ms)h? (ms) — hi(my) ) In =5~
t

M?
I~ )\tree + Gkhf(mt) 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"~1)

Additional complication:

)\(MS) = 411(92 + 9/2)Cgﬁ + A)\thres

» originate from integrating out heavy sparticles

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

> e.g. A)\stop = Gkhf (XE — lej(;l) (Xt = Xt/MS)
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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 1
= Conversion MS « OS is mandatory: 495 = AMS 4 5A8§

4

ME (U2 + (M)
_ (AMg)RGE,non—log(XtOS) _ (AM}%)FD,LOgS(XtOS)
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FeynHiggs 2.10

Resummation of leading/next-to-leading logarithms o oy, as

» weak gauge couplings are neglected (g = ¢’ = 0)
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Hahn et al.: arXiv:1312.4937
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Use of full 2-loop SM RGEs including g, ¢’ with all sparticles at
the 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)\stop + A)\heavy Higgs + A)\chargino/neutralino

» additional terms in MS < OS conversion

_ s 3 . M?2
1| 2 (- 40) e | ()
—— t

9,9 Higgs Z,W*
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Additional threshold M, = M; = My = p (my < M,, < Mg),
above which charginos/neutralinos contribute to RGE running

me M, Mg

/\(I,m> SM, Bsar A/\/,h,:m(A\[X) Split-model, 8 (chargino/neutralinos present) )\(IJ\JS)
ho(my), ga(me), .. MSSM
» gaugino-gaugino-Higgs couplings §i4,14,24,24 fixed at
Q= Ms
(e.g. Giudice et al. arXiv:1108.6077)
» threshold corrections at ) = M,
)\SM(MX) = )‘X(MX) =+ A)‘Chargino/neutralino
ht,SM(Mx) = ht,x(Mx) + Aht,chargino/neutmlino
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Additional threshold My (m; < Mgz < Mg), above which gluinos
contribute to RGE running

» no additional threshold corrections at the one-loop level
(gluino enters at the two-loop level)
» only modifications of RGEs above @ = Mj necessary, e.g.

dgs —Tkgs for Q < M,

dt —%kgg’ for Q > Mj
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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:
o Mg = /m;my — 0M2 =1 (2:2 (5M¥21 + Z'l 5Mi)

t2
* M, = Mzo — use mass counterterm of b
2

e My — use mass counterterm of g

my — use running mass in Feynman diagrammatic result

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

How to handle #37?

» DR < MS conversion
<~ <~
FeynHiggs RGEs
» running of #g:
o FeynHiggs takes ¢g(p = my) as input, tg(Mg) needed
e definition of ¢3 in effective model below Mg?

> so far (hy = hy/sp):

1 dt3 .
——— = —3kh?
t3 di !
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Large SUSY-scale — large logarithms = resummation
necessary

FeynHiggs 2.10: resummation of logarithms o o, ag

Extension I: resummation of logarithms oc aep,

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)
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v

inclusion of (s)bottom contributions

v

hierarchical stop spectrum — two stop thresholds

v

heavy Higgs threshold

v

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

d\ 9,,3 9, 3, 3
22—k 2 h2_h 2 2 12
i FC*+At ) - A(29+2g)+89+89+499

1 1
%:—htk (ghf_g 3_2!}2 7g/2)

dt 17 T 1
dgg 75

893 _ kg

g~ tgighhe

dg’ _ 41

at 127

dg 19 r

a - 127
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Split Model Langrangian:
1 S 1 = U
Lspht —<0 __M3~a a> - §MX Wa Wa - §MXBaBa - MXngHd

- EH (gQuO'a Wa + gluB) Hu

- —H 6( G240 W“—I—gmB)H
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Split Model RGEs (1 loop):

15
ddi - Ekg
= <; g)kgg
% :%kh,, {_9 — 843 — gg& + ghf + %(g%d + G, + 375, +3§§u)}
% :%k {f.?;i‘d — Glu + %"4 — 5 — 4G14010GoaG2u — Bl

3 3 ~ N ~ ~
+§929l2 + 19/4 — 120 + 2(Gi 4 + Giu + 3034 + 353.)\

-9 (g +3g ))\+12ht)\+12/\}



Split Model RGEs (1 loop), cont.:

dz;u :%k {3§1d§2d£~72u + G1u (ggfu 1252 + %?}Su n %@gd 3 292 B
dz;d :%k |:3§1u92d§2u + G14 (%g%d 27+ %{ﬁd + gggu B %gQ -
dzzu :%k {Z’“gl"?’?d + G2u (%éfd + %éfu 5t %!ﬁu _ %392 -
ot 2k [gramnaton + Goa (300 + 30+ Gt e S0

|
Q



A M) = i cos®(28) (¢° + ¢”)

tree level

3 12 4 12/2 1/4
kK4 66%)9 t599 9

tree-level term DR — MS

1 1o,
+6h2k { [h? +3 (¢*+47) cw] X? - mthf}

stop-threshold corr.

1 .
— ki (g + 9 e XT

stop-threshold corr.

3 2 2\2 2
—Ek(gl + 9°)7sig

heavy Higgs threshold corr.




glu(MS) = gsp3 {1 +k

9
2 2 2
?(—4447¢3) + i ht]}

1
G1a(Ms) = geg {1 +k [1692 (=24 7s5) + 5597 (—44 + 755)} }

Gou(Ms) = ¢'sp {1 +k

2 11 1
~ ! 2= T2 7
Gou(Ms) = ¢'ca 1+k[ g <3+ 16Sﬁ> +20

2 11 1 9
2 _9 2\ | Y 32
g <3 16 ) 209 ( +7Cﬂ)+4sght”

2 (2+18)] |



)‘SM(MX) = )‘X(MX)
7o 5 9 . 5 3. 7
+k {—ﬁ(gi‘d +01a) = 7(G2a+ 8) = 581090, — 593485
8 _Z(~2~2 +~2~2)_1(~2~2 .5
3gldglu92dg2u 6 914924 T 914920 6 914924 T 914924
4. o o o
—g(gwgzu + 914924) (914924 + J1u924)
2. _ _ L. _ _
+3hadaAy - 2014 — 201,) + 2G2ad2u (A — 2054 — 233.,)

1 _ - N -
Pt )+ Ao+ )}
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9x (Mx) = gsMm (Mx)
9 (M) = gam(My)
93x (M) = g3.sm(My)
1. . 1 . N
ht,x(Mx) = ht,SM(Mx) {1 -k [Eglugld + E(g%u + gfd)

1. 1, . _
+ 5 92uf2d + Z(g%u + g%d):| }
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one-loop logarithms (M, = Mg)

L« 4 2172
Mt =~ s {288 M} + 144m2 M ey

+4eys (22Miy — 64M3, MZ + 41M3) — 9M ey
4 2 2 4 Mg
56 M, — 256 M3, MZ + 101M} }In | —5
my

chargino/neutralino contribution

2
aMz

M?
20 2 9 9 2
2k [(10%(2% —1) = 1)cag + 2¢,(22¢,, — 5) + 11} In (m?)
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