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Motivation

Higgs discovery Higgs precision measurements

Patterns of deviations in Higgs sighals may shed light on underlying
NP where Higgs plays a central role:

SUSY, Composite Higgs, SMEFT, Higgs-portal...

However, non-observation of SUSY particles pushes typical SUSY scale
to the multi-TeV range...



Motivation

Heavy SUSY + Decoupling Limit provides natural setting for RPV SUSY:
125 GeV Higgs mass obtained from heavy squarks
RPV bounds relaxed by heavy sleptons/squarks
RPC effect on Higgs signals is negligible at decoupling limit

Can generically generate neutrino masses in RPV SUSY

Experimentally, bounds from traditional SUSY searches do not necessarily
apply



The RPV SUSY framework

Construct additional RPV interactions by replacing 7, — [ in Wrpc

Wrpv (1) 2 5)‘?7;5 kLiLj By + )\;.jch-é.Q Dy —€;L;H,,

Consider
only LNV

terms TRPV BRPV

S

Assume 3™ gen RPV & define RPV “measures”: op =




The RPV SUSY framework

The induced CP-even scalar mass matrix in the (Hq, H,, . fi,—)T basis:

nt

2. 92 , 2 2 ct—t . 22 t—t s 2.2
S3My + Mz Cx + 014 SgCgMmy — MzSgC3 + 019 0By 3
2 9 92 ‘t—t 2. 92 a2 L2 t—t o2 o
mg = | —sgcgmy — mzSsgcg + 019 CaMy +MzSz + 099 dpm45S23/2
—dpm? aé dpm% sas/2 ma_

hrpv
Assume the decoupling limit m? > m?,
Assume heavy (multi-TeV) sfermion soft-masses



The RPV SUSY framework

The induced CP-even scalar mass matrix in the (Hq. H, . f)r)T basis:

2,02 2 2 | st—t 2 2 o t it S o2 o2
SgMa T mzCg+013°  —SgCgmiy —MzSecg + 019"  —OpM;S;
my = | —sgegmy —m%sgeg + 05" c%.mgl + -mgz.s% + 049" dpm3s0s/2
S 2 o2 02 s 2
—0BM3 S5 dpm45 523/ 2 meg_

“2X2 RPC block”



The RPV SUSY framework

The induced CP-even scalar mass matrix in the (Hq. H, . ff,—)T basis:

et

2.2 |, 2 2 ct—t . 22 ) t—t s 2 92
Sgmy +mzcg +014 H SgegMmy — MzSgcg + ?12 OBMASE
my = | —sgegmy —m%sgeg + 05" cEmy +myss +(05 dpm%sap/2
—dpm?%s3 dpm% sas/2 ma_
ct—t
ij
t1 9 ._
1.2
h S h h 12 h



The RPV SUSY framework

The induced CP-even scalar mass matrix in the (Hq. H, . f/T)T basis:

~

2, 2 2 2 ct—t 9 2 , t—t
Sz, — mzcg + 014 —SRCRINY — MZSaCH + 012
m2 — a2 2 ‘t—t 2.2 2 L2 -t—t
mg = —SgCcaM5 — M7 S3CH + 015 CgMmy + MzSz + 099

Top-stop loop corrections necessary to lift Higgs mass (4" )
New BRPV terms generating Higgs-sneutrino mixing (65)



Higgs decays to gauginos T ey

Similarly %= . will generate neutrino-neutralino & lepton-
chargino mixing in the gaugino sectors:

L/

~ v
h — IJT_X'S
Lightest neutralino
Vr = i? X
X
h v
h — 'Ti}é!_: """"""""" Moo
OB
Lightest chargino T

-t — T
/ — Xl



Leptonic Higgs decays

BRPV effect in Higgs coupling to leptons:

h — 7771~ X 0B0¢

For 2"d gen BRPV: 7 — 1 BRPV effectin h — puTpu~
€9 7é 0



The 125 GeV Higgs signals

Notation:

/
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L;

p)

P _ oy Ty

liif = M;  cHf L

o(i — h) I'(h — f)

. Lf =
O’("ﬂ- — h‘)SﬂI ol r(h — f)Sf\I

Recently measured signal strength in 1 —

@ 13 TeV

ATLAS + CMS

R
[L %h‘i)
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The 125 GeV Higgs signals

Notation:

P
WP

pr) _ (P)
/ (f — I("{'i
o(i — h)

(}'("3'.- — }'.3-)5“

In the BRPV scenario:

I'(h — g9)

(99) _
F I'(h —
R

99)sm

— (gfFS?

T

<};T> — :Z'?Iﬂ}q‘ — O

no-"vev” basis

Hob =

LYy =

Hoppe /77

h
_ _ I S M
l if l“h

I'(h— f)

@ 13 TeV

ATLAS + CMS

HrT (b= f)sm

— 2
(97 )

(.‘?J ﬁp{) ’

C(h— ptp=/7777)

ID'(h— pTp= /7777 ) sy
I'(h — )

r (h- — ’}-’"}-‘")Sﬂ I

R
[L %h‘i)

H Evuﬁ) W
HEZy

LOTEG33

5()+0.33
120757

1.24 0.16

+0.11
1'09—0.11

a+0.12
1.02 0.11

0.40
106737

0.36
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BRPV - numerical setup

To quantify the impact of BRPV on the Higgs signals we
perform numerical simulations

We randomly vary the input parameters within fixed
ranges (ranges further refined for optimization purposes)

Consider light gaugino states of O(100 GeV)
in cases where h — Lf,,__i{'g /-'ri)(;F

Input parameters

Range

Oe 0, 0.5]

1 (90, 1000] |GeV]
My [100,2500]  [GeV]
M [100,2500]  [GeV]

5 [2.30
0B [0, 0.5]
ma  [1000,10000] [GeV]
M, 200, 800] |GeV]
mg (1000, 8000]  [GeV]

A [0,4000]  [GeV]

my (2000, 5000]  [GeV]
(1000, 5000]  [GeV]




BRPV - “filters”

Higgs mass: (122 GeV < m{¥¢ < 128 GeV |
Allow for +3 GeV theoretical uncertainty in m§*“

Neutrino mass: m,, < 0.19 MeV (2n gen BRPV) or m,, < 18.2 MeV (3" gen BRPV)
. . _ i
Strongest constraints on BRPV parameters arise @ tree-level m, x 07 & 1-loop

h,H, A h,H, A

hB P N (SB Lem T T . l‘jB

‘. ".‘ " .‘
- s -
7 7 5. g
v s . 5 ; <3 v V = < v

\’ X v

m,, f}é M, X 00,

Higgs signals: Require them to agree with measurements @ 20 level




BRPV Higgs decays h— v RS [ 53

- S1A: gaugino-like scenario M> < p & nearly o TMN] — | — 75\ T

degenerate neutralino-chargino, myy ~m, + <m,, -
* S1B: higgsino-like scenario p <« Ms; & nearly  owp

degenerate neutralino-chargino, mgg ~m + <m,

0.05¢

© S2: mg <mn <mx sych that only h — v 19

0.2

is kinematically allowed (broken degeneracy)

-0.05%

* S3: Hierarchy u~ My < My With mg <m = < my,
(broken degeneracy)

e S1A
= SIB
¢ S2
A S3
04 0.6 ) 0.8
["X[MeV]
~0
h — vrx5
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BRPV Higgs decays h—ves [ 75

Benchmarks chosen so as to maximize the BRPV effect

BM1A BM1B BM2 BM3

"X 0.159 0.06 0.189 0.61
™  0.158 0.09 0 0.002

9 MeV]

[MeV]

h — v:x
h— 1 \

Will affect Higgs signals via '

0.15¢

0.10

0.05}

-0.05%

X
- X [MeV] h — 'TiX:gF
¢ BM1A
e SIA
' = SIB
BM1B . o
I. o. S3
BM2 BM3
"‘3:2 0.I4 I:3'6 | ) O.IS
X [MeV]
h — v-XY 5
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BRPV Higgs decays »— v /73

O(20%) deviation in di-tau channels in BM1B
BMiA BMiB BM2 BM3

No significant deviation from SM in BM2

> T T - M Fryy

Wa) o 0.92 0,92 092 0.92
P99 001 @ 0.92 (.82
o092 0.97 096 0.96

p) 0920 098 097 0.88

iy B 110 1.00 0.93
pdy B 0.92 0.93 0.75
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BRPV Higgs decays »— v /73

deviation in di-tau channels in BM1B
No significant deviation from SM in BM2
h — 1777~ h — bb BM3
For the subsequent gaugino decays we find:

BR(x3 — vW*), BR(YS = 7-W7¥) > 90%
~ Extra handle: (£ = e. i, 7)

. D(h— m0F + Ep)
Hristyr = U(h — 750F + Er)su

~25—7

several times larger
than the expected
SM signal

25%) deviation in di-photon channels due to light charginos in BM1A

BMiA BMIB BM2 BM3
) .09 0.99 1.01
A9 092 092 092 0.92
P9 092 092 092 0.92
p99 001 @ 0.02 (.82
pE 092 097 0,96 0.96
p) 0920 098 097 0.88
gy ) 110 1.00 0.93
AP 0.92 0.93 0.75

19



Leptonic BRPV Higgs decays »— = & n—rtr-

Better sensitivity when 7myg.m, + > mp (no gaugino channels)

o+

i

i

primarily due
to lepton-chargino BRPV mixing whereas RPC SUSY effect is
negligible at decoupling

Particularly interesting signals of BRPV since all other channels
are SM-like

e || or

BMu  BMT

pg2 100 1.02
P9 098 1.00
P9 098 1.00
P9 009 0.73
pe 075 101
a0 1000 1.02
a2 101 102
VBE) 1000 0.73

Hy rr




Trilinear RPV

311 233 322

v-dd 1»7;1,7'+7'_ Ay

Assume one-parameter scheme and 0. = 0



TRPV

op -\ effects:

d }
Vs h
coemae) re---
! )

d 311 'B

)‘{33‘3 TRPV effect expected in h — bb Additional Higgs production via dd fusion
(g9+dd) _ (g9 — h) + o(dd — h) (99) o(dd — h)
sv [ rpe | M333Zn3 3 = h) < = Hp ]
/Xh,bb gp 9nvp + = \[ SN o(gg — h)sm a(gg — h)snr
9

o(dd — h)

~ 0.73 (KTEPVY)?
a(gg — h)sn (ra )

QE?M _ mb gRPC = Zn1
hbb cg TRPI )\?311 Zh3 2 2
i W




Corresponding bounds for 1 TeV

TRPV: é‘B * )\! effeCtS ((5E — 0 ) RR squark soft malssterms l

/
Agazz ~ 0.5 Aoy ~ 1

[ |

, * Enhanced di-photon rate due to light charginos BMA;ay  BMAS
BM)\BSS . . : - i (99) 111
Only mild enhancement in bottom channel (% dominated) {29 111
W9 092 11.09
p9 092 1.09
* Overall increase in (previously) gluon-fusion initiated ug0) 003 1151
/ 7 . .
BMA311 < channels from new dd — h production mechanism A0 003 L1
* Overall decrease in (tv;; (suppressed by total width) L) 57
Vbb '
VBF
2 @ 0.48
WVEE 004 065

23



TRPV

op - A effects:

34 gen BRPV

2"d gen BRPV

A329 TRPV effect expected in /; — ;1.+;1._

Ay, = oM [ grre A2 A322Zh3
Dhpp — Yu Ly
\FJ*S M

(where g7V =

Ao33 TRPV effect expected in /1 — T

sy [ mrpc, A233Z4h3
Ah—‘ﬂ"?‘ = 47 (gh'i"?' + \f S"\I)
J
my RPC
v v Gni C—hsl) 24



Corresponding bounds for 1 TeV

TRPV: 0115’ . /\ effeCtS (5F — ) RR slepton soft mass terms

2"d gen BRPV 3rd gen BRPV
Aoz = 0.7 A390 = 0.7
BMA233 . . . ;
Rest of Higgs signals mildly suppressed due to enlarged 1" BMA233  BMA3a2o
d99 094 1.04
(99)
[y .92 0.99
BMA322 { while the rest are SM-like o0 92 (.90
p\99) 1.85 0.9
p?) 0.94 (196
: ” PV 094 1.00
[ In RPC (Decoupllng) “‘FTT.L’TT(/\Z}B — O) ~ 1, qu,u,u()\'ﬂQ - 0) ~ 1 } (VBF) 0.95 1.05
M Voyy wd ) U0
VBE 186 1.00

Worr




Summary

We’ve studied the impact of RPV on the Higgs signals, under:

BRPV <

TRPV {

Multi-TeV sfermion soft masses
Decoupling limit in the Higgs sector (RPC ~ SM in Higgs signals)

Single-flavor (mostly 374 gen) BRPV generating Higgs-sneutrino, neutrino-neutralino & lepton-chargino
mixings

New Higgs decays to lepton-gaugino pairs h — .’./T)zg ,Ti@ accompanied by enhanced
h — ~~ signal
leadingto h — 7F(F + Kt (¢ = e, pu,7) , with rates much larger than SM
Notable deviations of O(20—-30%) in conventional Higgs channels: , — ;"= 777~
(no such effect in the RPC decoupling SUSY)

Gluon-fusion Higgs production mode roughly doubled by dd — h
Large deviations of up to ©(100%) are expected in h — p =, 777~



Expected RPV effects on the Higgs signals:

Summary

Production mode

Decay Mode gg — h hV VBF
:I o~ (gg) 1.26 BM}LI - (VBEF) 0.48 BM}\I
L= 77 Hpyy ~ 125, 333 FVoy 7 U35, 311
h— ZZ* SM-like - _
h — WW* SM-like - -
h — bb . uY) 071, BMAY, i
(0.73, BMr 0.65, BMMj,
h— 77~ ;fﬁgfi ~< - ;s%}fm ~< j 11
| 1.85, BMAoss 1.85, BMA233
(0.75, BM
h— ptp™ ;;E,fg;']t ~ ’ H - .
H k1.96. BMA399

B r(h —y TE(F + ET)
tOATEE = D S B

~25-7  BM1A-BM3



Backup Slides

TRPV bounds arise e.g. from universality tests in rare lepton decays:

_ oy e
R =T'(r — evv) /(1 — pvw) e
233, A399 \\ﬂ/
Rry = ID(1t — pwov) /T'(p — ev) R
I.L
{333 R, =I'(Z — had)/T'(Z — lI)
hiy  Ren=T(r = ) /T(x = ) " q .



Backup Slides

Minima conditions:

1 I ..
1) m% Va — vy By + < . (g% + gé) Vg (—-1.r§_ + -'1.-*3) +|pFog =0

1

I 1 : 2 2
o g (g% + 922) (2 ( lu -+ le) 2 ( ZldBj_L -+ 2111 (,-"'}’E‘fgu -+ ‘;i‘ -+ ‘63‘ )) — 0

3) (-'r'n.%H)g + (Be)gtan 3 — ez = 0

2)

29



Backup Slides

CP-even scalar mass matrix — aspects and features
Diagonlized by unitary matrix:

4 . I
Zn1 ZH1 Zi Hig=Znhrpv + Zg1Hrpv + Zs1VRPV
E
Z7 =\ Zna ZHo Zpo H, = Zwohrpv + ZugoHrpv + ZoaUrRpPV
Zns ZHs Zp3

VrRpc = Znshrpv + ZusHrpv + Zs3VrpPv

Lightest state identified as Higgs
BRPV communicated via sneutrino component 25,3 = Z,3(0B)
7,1 and 7, at leading order are the same as RPC-elements



Backup Slides

CP-odd scalar mass matrix

s3m mA4sgcs  —0pmass
-”?-%} — .rr-;:.i S3CA (%3”3_}4 Y B'mi S50
—0 B 3‘}4 Hé —0 B N.i SpCH T rs.;%T
where we used the RPC relation m? = csc sec 3 B,

Massless state corresponds to the GB

31



nmy =

The RPV SUSY framework

The neutralino sector in the (v, B,W,Hy, H,) basis

p SBop _ 6B de '
/ (M, )100p T (M0, )100p 0 0
0 My —MZ SWC3
0 0 M. 2 mzcwcCpg
0 —MzsSweg MzCweg 0
\ 4 e[d MzsSwsa —MmMzCwsp — M
BRPV loop contributions to neutrino mass:
~ h,H,A h,H, A
OB _a====. . op LesTTTTN 0B
'. ®
i) ’ ‘\ D (5 “‘ f)
v > . P v vV —p— ra a
io iO

Oe L
mzsSwspa
—MzCwsa
—

0

32



nmy =

The RPV SUSY framework

The neutralino sector in the (v, B,W,Hy, H,) basis

/ (M)

OBORB

loop

+ (my._)

0

0

0
Ocfl

dpde
loop

0
My
0
—IMzSWweg

MzsSwsa

—MmMzCwsg

0

f\[g

mzcwcp

0
—MzSwCeEpa
mzcwcCpg
0
— I

Oe L
mzsSwspa
—MzCwsa
—H
0

New BRPV terms generating neutrino-neutralino mixing:

33



The RPV SUSY framework

The chargino sector inthe (7o, W—,H;), (s, W, H}) basis

M 0 +0eft
Me = 0 Mo V2mw S5
0  V2mw Cs [
New BRPV term generating tau-chargino mixing: 5,

For 2"d gen BRPV will generate muon-chargino mixing

T — L



Backup Slides

Charged Higgs — Slepton sector in the basis (H,, H, ,7.7r)
m%, Sf:}—F'TTIQAS% m.%i qwg—klmimﬁ —d BS%?’H% —rﬁf,u--mfrtlg
-rn% B m% 3q03+1-rr1i92|3 mﬁ —|—m 25 —%58'”??4523 — e 1M1
T —op 52 mrA QGBFH-ASQIS mg—HngT _"'”%@’ (f%—aé) (AT —,.utf;)mT

—0, ,u.m.T tg —O¢ JLTT (A r—utg jmT -m',-f: +m %RR — = {;1 ( -2 523 )

New BRPV Charged Higgs — Slepton mixing terms

Relative effect of D-terms is larger than in squark sector

35



BRPV - numerical setup (details) Input parameters

Range
Assume common left-handed soft squark mass m;q; qr. 5. 0.0.5]
/i 90,1000]  [GeV]

M;  [100.2500]  [GeV]

~ — ~ ct—1 M. .25 eV
In stop sector we have ", = as used for J;; ' I  [100.2500]  |GeV]

tg 12, 30]
5p [0,0.5]
) ma  [1000,10000] [GeV]
Adopt MFV in sfermion trilinears A; =ys- A, for f =t.b.7 mp. [200,800]  [GeV]
mg  [1000,8000]  [GeV]
A [0, 4000] [GeV]
Consider light gaugino states of O(100 GeV) Mgy, (2000,5000] [GeV]

(1000, 5000]  [GeV]

in cases where h — ;u,,-_i{'g /--ri_\-;F
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Neutrino mass - BRPV

(17, )iﬁj OB  h,H,A
b OB'., """" ~~.‘OB
vr K7
v — ~ A 7
X!
A (53”1;{{‘23)2
g = 3 S U = Y

2
X {14 (mp. mp,_.mp_.mg,) (1 — (cgZm + 532 h.Q)‘)
+ Iy (my,my. . mp,my,) (cgZp + 532 o)t — Iy (ma.mp, . mgp. . my., )

37



Neutrino mass - BRPV

(ﬂ’?- " )5 B rﬁe

loop
" ™ o ﬁ. (_S)B
s’ »
’ L 3 _
- 4 L Y
0c [ '
vV ——— 44—
~() _
X .\'U

38



Neutrino mass - TRPV

Y 3 ST
RITRARTE ' I N2 4.
('”;-’-v ) . ~ ST \N3ii) —
T /loop 871-2 ( _J)H) TT?'@i

* -
’ .
¢ .
’ .
’ '
l' dIL dIR “
’ /
Ai!k Ajj;;f,
2
o 1Ty
imi Akii Akii 1 N2
Similarly for  (m,,);,0,""" ~ 3 (Arii) =

The largest effect arises from M., since it is oc my

39



Neutrino mass - TRPV

Additional 1-loop TRPV contribution:

- -
- - -

Can be discarded by virtue of 0 — 0

40



BRPV - Input parameters

BM1A BM1B BM2 BM3

e 0.04 0.27 0.10 0.22
1 626.54 92.90 220.38  120.05 |GeV]
M, 523.19  2030.48 10494 130.56 [GeV]
M 103.83 1028.05 991.55  999.39 [GeV]

tg 2.14 2.73 2.81 3.15

op 0.05 0.11 0.17 0.10
my  4467.78 255896 27102 31626 |GeV]|
mp. 291.65  317.38  506.78  358.69 [GeV]|
mg  6071.69 2860.5 4628.27 1094.07 [GeV]
A 1537.44 284251  66.19  3180.91 [GeV]|
my 4814.49 4996.39 4245.07 4721.63 [GeV]
Mmsn, 150925 1303.96 1122.68 2670.45 [GeV]
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BRPV - Input parameters

BMy. BMT
Oe 0.47 0.49
11 642.71  631.61 |GeV]
My 1426.05 1651.6 [GeV]
My  682.82 687.75 |GeV]
ta 6.31 6.76
5 0.05 0.05
ma  8981.82 8530.08 [GeV]
mg,  543.82 53547 [GeV]
mg  2210.72 241551 [GeV]
A 520.38  247.83  [GeV]
mj, . A720.75  4594.09 [GeV]
m; 424944 414523 [GeV]
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TRPV - Input parameters

BMAjqs  BMAjy,
O 0 0
11 202.46  556.34  [GeV]
My 759.74 1747.98 [GeV]
M, 25155 1580.49 [GeV]
ts 2.77 16.59
op 0.11 0.45
ma 215046 1508.96 [GeV]
M. 768 723.75 |GeV]
mg  3461.04 2008.27 [GeV]
A 95394 289  [GeV]
my - 2764.42 242153 [GeV]
Mz, 2357.42 3693.50 [GeV]

43



TRPV - Input parameters

BMA233  BM\329
S 0 0
1 058.82  270.48 [GeV]
My 59321  290.19 [GeV]
M; 1355.12 1222.63 [GeV]
ts 4.35 2.72
5 0.03 0.02
ma 214148 5007.63 [GeV]
my 21816 71852  |GeV]
mg  2591.04 278238 [GeV]
A 05.18  1772.84 [GeV]
mj 470345 2381.95 [GeV]
m;  3133.34 2371.34 [GeV]
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BM1A, BM1B, BM2 and BM3

n—uxy [~ BRPV signatures

Consider the subsequent gaugino decays: x5 — W+, 77Z and Xy = T Wt vz
We find BR(x3 — vWT), BR(X — 7~ W) = 90%
These gaugino 2-body BRPV decays are prompt, within the detector
Taking into account the W-boson decays:
h — *ix} THF B, h— ;u,,-_{g S TEF 4+ By, (=6 T

Define the following decay signal:
IU'(h — 7507 + Br)

HrBr = T(h = 750F + B1)sus

I'(h— 71 tF 4 Er)spy =1(h — WW* — 1 ¥ 4 Er)sm ~ 0.01 MeV

D(h—= 75F + Bp) = T(h > WW* = 750F + Bp) + T(h = 75xF — 75(F + E7)
+ I'(h — ;u,__{'g — TE(F 4 Er)
45



BM1A, BM1B, BM2 and BM3

n—vxd [ BRPV signatures

In particular
D(h — WW* = 750F + Br) = (¢FPO)’T(h — WW* = 7507 4 fr)su
such that RPC )2 N ['(h — 1 i\_? TE(F + Er)+1T(h — ;u,__ig — TE(F + Kr)

pretirr = (I L(h = WW* — 7505 + Hr)sum

Note that in these benchmark models: |,\%%) ~ (¢ RPQ) ~ 0.92
D(h — 75x)+T(h — v-\9) ~ 0.3,0.15,0.2,0.6 MeV
Thus
D(h — 75 = 75F + Ep) +T(h = vXY = 75T + Bp) ~ 0.015 — 0.06 MeV
) — TE(F
I'(h — 7T + Ep) 95 7

ity = L(h — 750F + E7) sy
46



TRPV effects with 6. # 0

Sbottom mixing altered by new F-term X vusg - (0e - ?333)
affecting sbottom exchange @ 1-loop in ggh & ~~h couplings as
well as the predicted Higgs mass:

B A-",_}f Yy s
V2G 9672 -f'n?c_

(A-r'n%)f ~
Additional 1-loop TRPV contribution to neutrino mass

-y
e S

X Je - N




BM/\{’)M
TRPV effects with \5;; # 0

TRPV effect is manifest by enhanced Higgs production via dd -fusion

- T 7\ 2 7 -
J(dd — ]1) (H?}{RP& ) . J(dd — II)H.TRPV:-l : f&d

~ _ ~ 0.73 (KTRPVY)?
O'(gg — h)Sﬂ[ U(QQ — ]1)1213},0 ( d )
Where m'uw _ z\:;;l;Zh:-: ’ yp = ‘\E’m-b/t,’ \
"llh,
o(dd — ll)h:gRPV:l ~ 23.8 |pb]

o(gg — /1):131;‘0 ~ 48.6 [pb] N3LO QCD prediction for ggh @ 13 TeV

Q{d ~ 1.5 Estimated K-factor for sub-process Jd — J, with #J77V =1 /

: T 4 . (gg+dd) o
In BMA%,; we find H.gRPI ~ 1.34 ,u.Ff“ ~ 2.3

48



BM/\{’)M
TRPV effects with \5;; # 0

BMAS,,: enhanced coupling to d-quarks also contributes to iV
production via a t-channel d-quark exchange diagram dd — hV

(Wadd) _ 0(qg =V — hV) + o(dd — hV) (hV) N o(dd — hV)
Ir - — - i
Hy o(q7 — V — hV)sas Hy o(qq — V — hV)sar

hV
i) = ()

o(dd — hV) = (thPI ) -o(dd — hV), rrev_, |

_ 'd
o(dd — hV'), trrv_,

‘d ~ = 4 hV+dd)  + RP TRPV
o(qg —V — hV)sm -0 py ~ (gfiF)" +0.05 - (s V)2
‘ (hV') (hV +dd)

Hyvey™ = Hyp
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TRPV with A2 € [0,0.7]

Consider h — p™u~ with fixed m4 = 2 TeV and 1’:'3 _ 9
Define “distance” from RPC:
TRPV RPC
Al _ “LFI-“-L o !'I'Fj_i-j.&
HE e = RPC
;'LFH.H.
(99) RPC (99)

TRPV — (g ~ _
where pipn " = pp (As20.0p) and gy, = g,

Set §.= 0 and apply Aup,, > 0.5,0.8,0.95

Recall 1, =~ rin, =1 at decoupling

()\322 = 0,05 =0)
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TRPV with As20 € [0,0.7]

0.4
., * t5=30
0.3 we o N ta=2
. ™ f=s
. -\’ 2 ™ &
. % - ™ L]
, :o.?ﬂ “am gf‘%&? e,y =, .
-;' ‘:?" e :‘.ﬁ?.#r.:owﬁgﬂ _*3 Y
g & - - b (] - -
gl of * o ug ¥ .ﬁ" Ss® g ﬂ-*
01 ?‘..:‘-..v‘t ,‘-'} -.1.:‘ :",-.':
P PR T B .. o":ﬁo
i - % e “.* 5
3 OI%U 1 0.z .3 04 0.5 (. i 3

1'5f;
0.5

* BMA322 not unique

« Sizable RPV effect also with 322 ~ O(0.1)

(¢) Apru, > 0.95
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Higgs coupling to Vector bosons

coupling: Ay = g0 gRvY
g = %3 (915w + gacw )2:' o = %"-"9 3 Oy = C5Zn1 + S Zn2
Decay:
['(h— VV*) = (g5F) “Tsar (h = VV*)
Production:

(905 )" osnr (ag — V = hV)

ry 2
(g,‘ﬁfﬁ) osn (qq — hqq) .

g(qqg—V — hV)

7 (qq — hqq)
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['sa

Higgs coupling to quarks/ RPC leptons

quarks:
SM RPC SM __ mq RPC _ Zpa ,RPC _ Zp
M?QG’ 99 Yhgg g{}' v and Ihum SB 9 hdd e
RPC leptons: SV RPC SM m RPC Zpi
A =07 gnn - . 90 = 5 and gy = cg
Decay:
_ _ RPC _ _
I (h— qq) = (g3 ) s (h— qq) For RPC leptons:
3 q —
Grm? 4m? \ ? A
1 (h— qq) = N¢ 1 mp | 1 — 2{3 , My = Ty (my,) “YC
427 my
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Higgs coupling to squarks and sleptons

sbottom: 0

A RP(
ixh.bif}j o

muyw Ip b b

(In TRPV can have F-term o y,\233Z,3 indirectly affecting hgg and iy )

StOp: Ahﬂ;t} U_‘E(URP( _EZ Zizluo Zhg>

'55 X 58 effect in gluon-fusion & diphoton

Sleptons:
_ 2
ik m ms
Afl?‘-f:»gﬂ = — jfipc_ — "8*2 ._2 Z+Z+Zh.3 —1 Z?—'IZ Zh% + —Z?lZ Zh‘3+
mw vl 7y C3 Cp

2
£, ,u '_ Zjlz Ty — HQIZ,HZ—FZ—F—{—}MLZ Zys 23 +a,:.p, ZIZMZ
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Higgs coupling to gauginos
Couplings:
A

N/C N/C
hx; K_?/hh X; XLEJ L+ XREJ I

Decays:

f(h—> XiXG /XX ) = [(i}j;ff

\/C 9 9 9
A ms —m= — m-
i ‘ Rij h XS /XG X5 /X;

A

[

2 2 2
my, m= 0 /y me 0
N/C\N/C ( s /X>
— 4RG{AL¢3 Agij }m O xR0 /kﬂ x 16mm;

55



1-loop diphoton decay

SM:

Gra? mh

128+/273

Lsar (h— v7y) =

Z\T Qf* 1(ff)+41(

Gpa’m; 2 RPC
128+/273 IX zt:b\(Qf%qq A (1) + gy A1 (Tw)
3
2mywy X”
4 ()
+Z m + € 2 X
i=1 X3
2
Ass s
4 — v [ hb b Q _10 ( ) — Lﬁtlf\k‘@gﬂ() (’-‘_{.)
2 m: ' ‘
1 2
v \h——
+ 5 Ao (77,
2322: m o (77
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SM:

1-loop Higgs decay to gluons

2
3 |«
op Gra? my |3
L'sns (f3—>r]r])—fx@ L= E A1 (T)
(')jl_ir / B '[_-f
36213 |4 2
q=t.,b
BRPV: Q(_DGF“ ”’2 3 RPC
b T(h>gg) =K 1 2 Gz A ()
364273 q_f_‘_b 2
5
31 A.’E-E Alitt
- 131 ??J —1 (i| ) 1
+ 8 ; [ -mé 0\T) T+ mf
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BRPV SUSY Spectrum

BM1A

BM1B

BM2

BM3

(T2, T3, T4)
(t1,t2)
(b1, bo)

(94.2,510.4,628.3,650.7)
(94.3,638.7)
(200.2,4473.6)
(200.1,4472.8)
(210.2,1509.2,4473.5)
(6056.3,6091.8)
(4814.4,6071.6)

(90.1,97.6,1034.6,2031.4)
(91.9,1034.6)
(162.8,2574.3)
(162.4,2573.4)
(176.8,1303.9,2574.6)
(2779.5,2949.3)
(2860.5,4996.4)

(93.5,223.7.227.6,999.2)
(215.9,999.2)
(229.8,2748.4)
(229.5,2747.6)
(240.1,1122.6, 2748.7)
(4631.2,4631.7)
(4245.0, 4628.2)

(86.0,125.9,163.6, 1006.2)
(118.6,1006.3)
(163.2,3179.2)
(163.0, 3178.7)

(178.3,2670.4,3179.7)
(826.2,1330.9)
(1094.0,4721.6)
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BRPV SUSY Spectrum

BM/. BMT
(N9 9. X1 xE)  (632.2,713.1,761.7,1428.1)  (633.1,707.0,760.1,1653.1)
(X3 X3) (633.2,764.0) (634.1,762.0)
(PF, H) (181.3,8996.4) (174.8,8545.1)
(7P, A) (181.3,8996.4) (174.8. 8545.0)
(I3, 13, 1y) (197.4, 4249.4. 8996.7) (191.5,4145.2, 8545.4)
(f1.12) (2201.0,2233.7) (2416.1,2427.2)
(b1, o) (2210.7,4720.7) (2415.5, 4594.0)

59



TRPV SUSY Spectrum

BM\} a5 BMA;
(V9. 9. X8 xY)  (150.2,205.4,303.5,762.9)  (552.0.558.0,1594.1,1749.2)

(X3, \3) (153.1, 305.9) (554.2,1594.2)
(7F, H) (725.7,2166.1) (203.2,1661.2)
(79, A) (725.7.2165.0) (203.1,1661.1)

(o, 73, 74) (729.1,2166.5, 2357.4) (218.2,1663.0, 3693.5)
(t1, t2) (3443.2, 3487.3) (2014.4,2017.0)
(b1, bo) (2764.4, 3461.0) (2008.1,2421.6)
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TRPV SUSY Spectrum

BM\9as BMA329

(9 x99\ ?)  (589.7,951.3,959.9,1367.1)  (236.3,271.8,319.4, 1228.8)

(X3, x3) (948.3,1367.1) (265.7.1228.8)
(7F, H) (207.5,2143.0) (709.3, 5009.4)
(7P, A) (207.5,2142.5) (709.3. 5008.9)
(I, 13, 14) (220.9, 2144.0, 3133.3) (712.7,2371.3, 5009.5)
(£1,12) (2592.6, 2600.9) (2735.2, 2839.2)
(b1, bo) (2591.0,4703.4) (2381.9, 2782.3)
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