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mass of the lightest Higgs can be calculated in the MSSM
terms up to 3-loop level are known

. . M2
calculation yields terms o In <7§)

t

for large sparticles masses Ms > m; logarithms get large

Higher order logarithms are relevant

= resummation of logarithms needed
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Higgs mass

M2 = 2X\(Q = m;)v?, how to get \(m;)?

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

> ) fixed in MSSM: A\(Ms) = (g2 +8)c35 at tree-level

M, Mg
1

(M) SM, Bsum M Ms)

he(My), g3 (M), .. MSsSM

= use SM-RGEs to run )\ down:

A(Ms) ¥ \(m,)
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Notation: t = In Q2 k = 1/(1672), hy = m;/v

dx 2 2 4
= = 6k (X2 + AhZ — 1)
Solve iteratively:
me d\
A(m¢) =~ A\(Ms) + —dt &
Ms dt

~ A\(Ms) — 6k (A2(Ms) + A(Ms)h2(me) — h‘t‘(mt)) In (%) ~

M2
~ Atree + 6kh?(m;)In <m—§>
t

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 subleading logarithms (k"L"~1)

Additional complication:

Threshold corrections

)‘(MS) = %(gZ + gl2)C225 + A)\thres

» originate from integrating out heavy sparticles

» n-loop threshold corrections result in sub”-leading logarithms
> Des = 6kh} (X2 — 5 X7)
(Xt = At — ,U//tﬁa)/\(f = Xt/MS)
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Double counting has to be avoided:
= Subtract logarithms from the diagrammatic result

RGEs derived in MS, diagrammatic calculation in OS:
= Conversion MS « OS is mandatory: A9S = AMS 5Afci)r§

|

M} = (M) + A
AM;, = (AMR)REE(XY®) — (AM7)FOLom(X %)
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FeynHiggs 2.10

Resummation of leading/subleading logarithms o oy, as

> weak gauge

couplings are neglected (g = g’ = 0)

155
F FH295 FeynHiggs 2.10.0
[ ——— 3-loop ]
180 ____ 4i00p =
F 5-loop o=
145 —— 6oop e -
F —— 7-loop e XMg=2 1
C - o, e o =
140 —LL+NLL/// ,i‘;;;_!__i;::
gl E - s, s LT T i
> F LaeTTTE ]
O 135 _= —
< F ¢ =
= i /
1307 — e
‘/ p— X, =0 ]
125 S S 3
120 =
11s5L P M I P I B
5000 10000 15000 20000

Mg [GeV

Hahn et al.: arXiv:1312.4937
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Use of full 2-loop SM-RGEs, including g, g’

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

» new threshold corrections (e.g. Draper et al.: arXiv:1312.5743)
/\(MS) = )\tree + A)\stop + A)\heavy Higgs + A/\chargino/neutralino

» additional terms in MS < OS conversion

t m%

— o M3
XMS =xO5 |1 4 as 3o (1_)(2) _&(1—26@%) In <—5

T 167 967
—~ >
g.& Higgs ZWE

)
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155 C T T T T T T T T T 7
C LL+NLL (g=g'=0) tanB = 10,MX=MS:
150 = LL+NLL -
E ~——— FH (no resum ) E
145 -
F X/ Ms= 2 ]
140~ —m—————TTTTTTTTITIITTS
3 135:— 4\—”1:—_— ,:
= :/" 1
b e X/Mg =0 ]
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Additional threshold M, = My = My = pi (my < My, < Ms),
above which charginos/neutralinos contribute to RGE running

M, M, Ms
1

/\(IAI,) SM, Bsm A,\HHI(‘S(A\[X) Split-model, 8y (chargino/neutralinos present) )\(Iﬂ[g
hi(My), gs(My), ... MSSM

» gaugino-gaugino-Higgs couplings &1, 14,2024 fixed at Q@ = Ms
(e.g. Giudice et al. arXiv:1108.6077)

» threshold corrections at Q@ = M,
/\SM(MX) = )‘X(MX) + A/\chargino/neutralino
ht,SM(MX) = ht,X(MX) + Aht.‘,r:hargino/neutralino
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T T T T
LL+NLL (M‘X=1TeV)
LL+NLL (My=Ms)

——— FH (My=1TeV, no resum )
= FH (My=Ms, no resum )

I
tanB =10, X;/Ms =0
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Additional threshold Mz (m; << Mz < Ms), above which gluinos
contribute to RGE running

M, M, Mg
1 1.

1
r T
A(My) SM, Bsmt Aipres(M,y) Split-model, 3, (chargino/neutralinos prcsent))\(AMS)

he(My), gs(My), ... M;
1 L

MSSM

\
' Gluino decoupled ' Gluino present ’

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

dgs  [—Tke3 for Q < M;

dt —2kg3 for @ > Mj
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1 55 T T ‘ T T ‘
LL+NLL (M;=1TeV)
LL+NLL (Mg=M,)

tanB =10, My = Ms

150
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How to explain difference between )A(t =0 and )A(t =27

dhy 1
—t= > hek (ghf — 8g32>

dt
dg3 _ 75
Pt 2>kg3

s e ()~ (3]

15/19



Electroweak contributions
Chargino/Neutralino threshold
Gluino treshold

Scheme conversion and tg

Introduction
Improvements
Conclusion and Outlook

Scheme conversion

MS <> OS conversion: X;, Ms, My, Mz, m¢, My, Mz

» only logarithmic terms relevant
» definition of counterterms:
= =TT 2 _ 1L (M% spg2 4+ M8 52
o« M= g - M3 =5 (Z2oM2 + M2 )
e M, = My — use mass counterterm of {3
2 ~
e Mz — use mass counterterm of g

> m; — use running mass in Feynman diagrammatic result

» Mw, Mz (g,g') — no logarithms (effective theory is SM)
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How to handle t3?

<

> DR <« MS conversion

~—~—
FeynHiggs RGEs
> running of tg:
o FeynHiggs takes tg(1n = m;) as input, tz(Ms) needed
o definition of tg in effective model below Ms?

> so far (hy = he/sp):

{

1 dtan? ; - 4 .
tan2ﬁ72: b 3k 4k [9/7;‘ - (gg’2 + 16g§) hf}
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Large SUSY-scale — large logarithms = resummation
necessary

FeynHiggs 2.10: resummation of logarithms o o, as

Extension |: resummation of logarithms = aem

up to ~ 3 GeV

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

Extension Ill: intermediate gluino threshold
up to ~ 0.3 GeV (X; =0), ~ 2 GeV (X = 2)

18/19



Introduction
Improvements
Conclusion and Outlook

Conclusion
Outlook

v

v

v

v

inclusion of (s)bottom contributions

hierarchical stop spectrum — two stop thresholds

heavy Higgs threshold

subsubleading logarithms using 3-loop RGEs (< 0.1 GeV)

19/19



Standard Model RGEs (1 loop):

d\ 9 3 9 3 3
—~ —k 2 h2_h4 _ .2 =2 Z 4 e > 2,02
m {6(/\ + Ah; — h}) )\(2g +58° ) tge tget T ee

4
dh 1 9 9 17
—t——htk<—hf—8g§—zg2— /2>

dt 2 2 12
dg3 75

o5 _ k

dt <2 2> g3

dg’ _ 41 s

dt 12

dg _ 19 ,

dc . 12%



Split Model Langrangian:
ol saga L Gaia 1y mapa BT
Lsplit D<0,—§M3g g°) - SMW2W? — M, BB — M\ H, cHqy
- %HT (8240°W° + £1,B) H,
- %HTe (—82q0° W? + £14B) Hy
+ h.c.
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Split Model RGEs (1 loop):

% =— (;: g)kgg
B Skh -3¢ 888 — Lg”+ SH + (& + &, + 38+ 38)
dA

1 N . 9 - Y m N
ar :Ek [—gfd — B+ Zg4 — B8y — AB1dB1uBraBou — 5By
—2(&, + &) (8la + B5u)
3 3 . . . .
+56°¢" + 78" — 12h; + 2(&a + B + 34 + 3852

-9 (g2 + %gQ) A+ 12h2X + 1202
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Split Model RGEs (1 loop), cont.:

dglu
dt
dt

deU
dt

dgrq
dt

|
NIR NI~ NI~ N
x

. . . . /5. . 9.
3814824820 + E1u (Zglzu + 2874 + Zg22u +

=

... . (5. . 9.
381u82d&2u + 814 ( Bia + 281, + Zg22d +

=

(. . - ~ 1., 3. ~2
81d81uf2d + &u | 581d + ~81u + 8a +

=

I ~ 1., 3. ~2
81d81u8u + 82d | 581y T 781d + 82w +

9,2 _
28

9, 3

2
2u " 78

4

33 »
— 8 — Tg -
33 ,
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1
A(Ms) = 7 cos®(25) (* + &)
tree level
2 > 1,5 ” Xt2 1, Xf
+6h2k ht+§(g +g%) cp e - 55h v

stop-threshold corr.

3 1 1 1
k(2L 4, L op 1y
K4 6C25)g + 2g g+ 4g

tree-level term DR — MS

1 2, .2\2.2
_Ek(g/ +8°) sip

heavy Higgs threshold corr.




1
_|__g/2

g (—2+7c3) 50

&le §lw

2( 2 l 12
g ( 2+7sﬁ)+20g

2 11 1

/ _ 2 = =2
g2u(Ms)gSB{1+k g (3+16Cﬁ) 20
2 11 1
u(Ms) = g'co {1+ k|- 2+ =53 ) + 5
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ASM(MX) = )‘X(MX)

70 9.4 | 4y 3, !
K {_E(gfd + &) = 5 (8 + L) — SEuels — 583485,

8. . . . 7. .5 . . 1., . o
_ggldglug2dg2u - 5(g12dg§d + g12ug22u) - 5(g12dg§u + gfug22d)

4 . o o o
_g(gldgzu + 81u82d) (810824 + B1u82u)

2. . - - . . - -
+3&1081(\ ~ 2874 — 281,) + 282a820( My — 2834 — 283,)

1. . . . .
SINE ) N B+ B
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gx(Mx) = gSM(MX)
g (My) = gsm(My)
83.x(My) = g3,sm(My)

1. . 1 .
he(My) = he sm(My) {1 —k [ggmgw + ﬁ(gfu + &Ly

1. . 1,. -
+ 5820824 + Z(g22u + g22d):| }
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one-loop logarithms (M, = Ms,s,):

LL_ a 4 2512
ML = TSIV {288M} + 144mE M 0o

+acys (22Miy — 64MF, M3 + 41M% ) — OME e
M2
~56Mjy, — 256Mfy, M3 + 101M% | In (—2>
my

chargino/neutralino contribution:

M2
(102 (2¢ — 1) = ey +2¢3 (22¢% — 5) + 11| In <—§>

my

ozl\/l%
pL Y dong




+

WQ éf% X1,2,3,4 b g ;
t b t h,H,A, G

13

H+ G+ Z‘ H b H
Stop self-energy diagrams
1

OXp =— [(5M;21 - 5/\/’522)”%,11”%,12 + 5M;21;2(U%,21Uf,12 + Uz 11Uz 22)

my

—X:0M;]
10

11
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