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Combination with Feynman diagrammatic result
Current status

» EFT calculations allow to resum large logarithms
— should be accurate for high SUSY scale Mgy,

» misses however terms o v/ Mgusy

» diagrammatic calculation expected to be more accurate for
low Mgysy (S few TeV)

Combine both approaches to get precise results for both
regimes.
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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 EFT result

EFT calculation in MS/DR, diagrammatic calculation in OS:
= Conversion MS/DR <+ OS is mandatory

4

M} =(M)™P + (AM)PFT(XPR)
o (AM}%)EFT,non-log(XtOS) o (AM}%)FD’LOgS(XtOS)
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since FeynHiggs 2.10

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

» weak gauge couplings are neglected (g = ¢’ = 0)

New in FeynHiggs 2.11.3:

» NNLO formula for calculation of MS top mass
= Downwards shift of M} by ~ 1.8 GeV
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Improvements for new FeynHiggs version:
1. Inclusion of electroweak contributions
2. Introduction of an EWino threshold
3. Introduction of a Gluino threshold

DR «a 3 N o} M2
XPR =X 1y | —E’; (1- %) ~ 56 (1 —26¢) [ In <m§>
~— t
9.9 Higgs Z,W+

Non-log terms generate NNL logs and non-log terms in AM,%
= neglected at this level



M, h [GGV]

155

150

145

140

135

130

125

120

115

Results

C T T ‘ T T T T
F — LL+NLL (g=¢ = 0)
- — LL+NLL (g,¢' # 0)
E ,"‘—'—- ----

L

¢

T
tg =10, M, = M; = Mg

10000 15000 20000

7/24



Results

135

T T ‘ ‘ T T T ‘ \
[ — M, = M; tg=10,M, = My = Mg, X;/Ms =0 |
b My =1 TeV 1

130 - — My = Mg (no resum)

| — M, =1 TeV (no resum)

125 —

M, h [GGV]

120 —

115

8 /24



M, h [GeV]

155

150

145

140

135

130

125

120

Results

[ T T ‘ ‘ T T T T ‘ ]
E—MgIMS tﬁ=10,MX:MS E
F— M;=1TeV E
- —— Mz =1TeV in FD-part, Mz = Mg in EFT-part -
: Xo/Ms=2__
ettt =
o 3]
= Xe/Ms=0
b Ll N
5000 10000 15000 20000

Ms [GeV]

= Gluino threshold is neglible!
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Soon publicly available in new FeynHiggs version!
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Resummation of NNL logarithms « O(as, ay)

Needed:
» 3-loop RGEs for A, y; and g3 — known

e.g. Buttazzo et al. (2013)

» 2-loop threshold corrections for A — known
e.g. Vega & Villadoro (2015)

5 = Mg has to be assumed — no problem, since Gluino
threshold is nevertheless neglible
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Conversion:

» X, has to be converted respecting also non-logarithmic
terms (O( Qg, Oét) Espinosa & Zhang (2000)

» now also Mg has to be converted
» conversion of M, can be neglected
= New subtraction terms needed:
» subtract non-log terms generated by conversion of 1-loop
threshold corrections
» subtract non-log terms originating from 2-loop threshold
correction
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Combination with Feynman diagrammatic calculation

Results
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Contributions included in SUSYHD but not in FeynHiggs:
> NNNLO value for Yt (same value chosen for comparison)
» running of bottom/tau Yukawa couplings

» 3-loop running of electroweak gauge couplings

» threshold corrections o ’small’ logarithms (e.g. In n;f“)
S
Contributions included in FeynHiggs but not in SUSYHD
> 1- and 2-loop terms o< v/ Mgysy, mi/ Msusy
Further differences:
» FeynHiggs takes tg(m;) as input, SUSYHD takes tg(Mg)

» Different definition for X; in OS-scheme
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In normal OS-scheme following Espinosa & Zhang/FeynHiggs:

X oS 1 5 OS
7(77% t) = (5Xt = —5(mtXt)OS — Xt il

OS __
X7 =55
my myg my

In 'modified OS-scheme’ following Vega & Villadoro:

MS
om,

my

(mtXt)OS

X?USYHD ( Q) — m%\/ls ( Q)

1
(SXt = —5(mtXt)OS — Xt
my

4

use externally calculated XPiR as input for SUSYHD in DR-mode
for meaningful comparison

— all parameters in following plots are OS-parameters
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» Results for A\(m;)v? coincide within O(0.1 GeV)
(at least for t3 = 10)

4

differences not due to contributions included in SUSYHD but not
in FeynHiggs

Possible explanations:

> terms o< v/ Mgy

> ...
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Stop-sector vertex corrections (h; = y;/sg)
AYery, = — %khfxf + %k (6% + 92) hip?
AYeT Ny =6kh} A2 (1 - 11221§> - Zk (92 +97) h2 A3
AYer :%khf;ﬁ (3-42) - gk (62— g2) 0 (27 - )
AVery, :%khfﬁﬂ (3-43)+ %kgzh? (42 - )
AYerN; = = SRR A
AV g :%kh?ﬂgﬁlt—gk’(gz + g% p Ay
AVery :%khfﬂﬁt (43 -6 +§k(92 + g?)hipA,

Terms in red not present in Cheung et. al. (2015) and Lee &
Wagner (2015), but in Haber & Hempfling (1993)
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Lightest Higgs 4-point self-coupling:

ATHDM = A1 Céz + )\28% + 2()\3 + M+ )\5)C§S[23 + 4>\6C?355 + 4)\76552
= AV Arapm = AY A1+ AY Aosh + 2807 (A3 + M+ As) ¢35
+ 4A¥er)\6 c?;s[g + 4A¥er)\7 0[352

In the case My = Mg (X; = Ay — p/tg):

1 o 1 54
Ay xs = okt { (47 + 5 (¢ +9°) eas) X2 - 502K

M4 — Mg provides test of threshold corrections

|
AY" ArEDM = AV Agm

— only fullfilled if red terms are included

N)
N
V]
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Higgs wavefunction renormalization:

» again Cheung et. al. (2015), Lee & Wagner (2015) #
Haber & Hempfling (1993)

» AVFR X = =197 (97 + 9%) 35 X7
» none of the results yields SM correction

> also AY"Agy + AV R Agy = AY" Arrpym + AV R A DM
(for My — Mg) not fullfilled
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Extensions already implemented:

» NNLO conversion of MS top mass

» Electroweak contributions

» EWino and Gluino threshold
Soon available:

» NNLL resummation for logarithms of O(ay, o)
Next step:

» Low My scenario with full dependence on effective
couplings




For p = Mg:
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Standard Model RGEs (1 loop):

3\ 9. 3 9, 3 3
—k )\2 2 _ pd) _ Z 2 Q2 o4 242 2 02
i [( + AR = hy) = A (567 + 507 ) + o'+ gdt + Ldh

4
dhy 1 9 9 17
d_tt = huk (—hf — 8¢5 — 9 — —g’2>

4 12
dg3 o 7 5
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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 + g1 )

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

1 4 a9 . I N
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—9 (92 n gg’z) A+ 1202 + 12/\2]
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Appendix

Split Model RGEs (1 loop), cont.:

dZ;u :%k :3§1d§2d§2u + J1u (Zglu + 2074 + ng + gggd _ %g 3 e
dz;d :%k :3§hu§2d§12u + 14 (g?]fd + 247, + Zfﬁd T §§§u _ %gz 3y
dzid :%k :‘aldglu‘a% + g2a (;9111 + ngd + Gru + %Z]gd - ijf

3h;

\_/\_/\_/\ .
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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.
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)‘SM(MX) = AX(MX)

7 . 5 9 _ 5 3. 7
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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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Appendix

one-loop logarithms (M, = Mg)

>
1927 M2, 52

ey (22Miy — 64M3, M + 41M3) — 9M ey

MM = {288 + 144m? M ey
M2
=56 My — 256 M, MZ + 101M} } In <m§>
t

chargino/neutralino contribution

aM?
247t

M2
[(1062(2¢2 = 1) = 1)eas + 262(22¢2, = 5) + 11| In (é)
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