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Precision Tests of SM Distributions
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Precision Tests of SM Distributions

Off-Shell
e.9. 272 processes (WzZ,LL,..)

On-Shell

- big statistics
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svwaller stakistics

more challengihg measurement
more space for improvement

sighal bigger 7| precise measurement
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Higqs Caupiiv\gs

Modified Higqs sectors have modified Higqs couplings
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Higgs Couplings
Modified Higqs sectors have modified Higqs ﬁouptiugs

Higgs is a (pseudo) goldstone boson
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Higgs Couplings
Modified Higqs sectors have modified Higqs couplings

Higgs is a (pseudo) goldstone boson

T 7 p) M BSM ;
\&J% h sinh = (h " Feee)
3!
Yok Uihh +ePyh’
ALl tree-level Higgs Couplings are modified
Supersymmetry: only H: exchanged at (R-parity)
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Higqs couplings to top/bottonm modified
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Higqs COMFLEMSS Reach

Higgs couplings are measured U processes with on-
shell Higgs (E=125 GreV)

(s = 14 TeV, 3000 fb™' per experiment

.| Total ATLAS and CMS
— Statistical HL-LHC Projection
—— Experimental
—_— Theory Uncertainty [%]
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Higqs COMPLEMQS Reackh

Higgs couplings (HC) are measured in processes with on-
shell Higqs (E=128 GeV)

(s = 14 TeV, 3000 fb™" per experiment

| Total ATLAS and CMS
— Statistical HL-LHC Projection

—— Experimental

—— Theory Uncertainty [%]
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Higqs COMFLLMQS Reach

Higgs couplings are measured U processes with on-

shell Higgs (E=125 GreV)
m

(s = 14 TeV, 3000 fb™' per experiment

] Total ATLAS and CMS kappa-0 |HL-LHC| FCC-ee |FCC-ee/eh/hh
—_— Statist.ical HL-LHC Projection 240 365
—— Experimental
—— Theory Uncertainty [%] Kw [%] 1.7 1.3 043 0.14
2% oo Tot Stat Exp Th
K, =1 - a8 10 1s Kz [%] 1.5 0.20 0.17 0.12
i B A ke [%]| 23 |17 10| 049
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—— : K Y
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‘ : ................................... B < [%] 33 7 10
c. i K, [%] 3.6 1.3 0.67 0.43
b ——— : 3.7 183 13 32
= ----(@ ku[%]| 46 |10 89| 041
== — —— ke [%]| 19 |14 0.73 0.44
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Expected uncertainty
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Higqs COMPLEMQS... without a Higgs (HwH)

modifications of Higqs couplings induces also
2 growth U process with longitudinal WZ bosowns!
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Higqs Couplimas... without a Higqgs (HNH)

Henning, Lom ardo,Riembau,FR'19

Any modifications of Higgs couplings induces also
E? growth i some process with longitudinal WZ bosons!
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modification of top-yukawa

Cornwall,Levin,Tiktopoulos'74



Tolfo Yukawa... without a Higgs

modified Top-Yukawa iy <> |H|*QHty
A2



TOF Yukawa... without a Higgs
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Top Yukawa... without a Higgs

"= (h f:qs())
modified Top-Yukawa iy <> |H|*QHty
A?

H[* =

(v* H 2hv + B2 + 20707 + (¢°)%)
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TQP Yukawa... without a Higgs

Another way of understanding E-qrowth: ( o )
R
modified Top-Yukawari <> |H] H|2Q btr

2
A Goldstones = W, ZL
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TQP Yukawa... without a Higgs

Anocther way of understanding E-qrowth:

lower Ehreshold
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Top Yukawa... without a Higgs

Anocther way of understanding E-qrowth:

A2 Goldstones = W, Z.
H|? = l@ 2hv + h? ’2¢+¢ﬂ +(¢%)°)
L 2 ‘ W )

AN

lower threshold
Many final states (WWWZ,22)
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Top Yukawa... without a Higgs

Anocther way of understanding E-qrowth:

¢—|—
v 7= (h+z’q§0>
modified Top-Yukawari <> |H] ;QH tr
AZ Goldstones = W, Z.

I _ 1 ' i —
P =5 F 2hv + B 426767+ (¢°)°)

AN

lower Ehreshold
M?«wj final states (WWWZ,22)
| Boosted Ec::»g;
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“T“op Yukawa... without a Higgs
a:pp — V'Vt




Top Yukawa... without a Higgs

pp — VVit
SM sighal classified bj #L@.Fvﬁams'
Process (0T | 0F0% | 30(40)
WEWT 3449/567 1724/283 216/35| - -
WEW*12850/398(1425/199| - |178/25| -
W*Z [3860/632| 965/158 |273/45| - |68/11
77 |2484/364 - 351/49| - |(12/2)

pt. > 250 GeV / ph > 500 GeV
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TOF Yukawa... without a Higgs

pp — VV i
Process Eiﬁ (0% | 30(40)
WEWF 3449/567 1724/283 216/35| - -
WEW*12850/398(1425/199| -  |178/25| -
W*Z |3860/632| 965/158 |273/45| - |68/11
ZZ |2484/364 - 351/49| - [(12/2)

ph > 250 GeV / pp > 500 GeV

OMLv channel s %;}LE.L‘X 2 LQP&OMS \ Constraints from pp - jtVV at HL-LHC .
(small B) YRR, d 201

0.2 //
P 6, HL-LHC tth i

0 \\\ » Competitive

e DL T wikh standard!




Top Yukawa... without a Higgs
aapp — V'Vt

FCC-hh bounds from E. Pubti-Garcia master thesis
..very preliminary

5yt X 10_3

10~ 10° 10
B

A factor 100x improvement? More detailed analysis
required...



On-Shell:

OHf-Shell:

5yd 5 340,

Events (normalized)

Light Yulkawas
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Syu <700, Sys <17 (HL-LHC) {

i Eribosowns

Falkowski,Ganguly,Gras,No,Tobioka,Vignaroli,You' 20

Vignaroli'20

Assumes onhly onhe modification
Sighal suppressed

ngar&avx&

SjsEemaELas
—— BSM (Yy) 288
- SM 2SS
Lo /™ WWW (HL-LHC)
. ZZZ (HL-LHC)
% 81 m WWW (FCC-hh)
6| ™ ZZZ (FCC-hh)

104

% [
0 100 200 300 400 500 600 700 800 900 1000

p7 (GeV) 5)@
WWW 277
0% + 20 + 25 | 0F4*4F +3v | Comb. 40 + 2v 40 + 2j Comb.
8Y4 430 (36) 840 (54) | 420 (34) | 1500 (65) | 1300 (93) | 1100 (60)
5Yu, 850 (71) 1700 (110) | 830 (68) | 2300 (100) | 1800 (140) | 1600 (92)
8Ys 150 (13) 230 (33) 140 (13) | 300 (12) 290 (16) | 250 (11)

HL-LHC FCChh



HwH Program |

K+t

HI*QHtr

H|°

HGa, G

H|*B,, B"
HPWe, W

|H|?0,H"0*H




|H|?0,H"0*H




On-Shell:

K1/ in di-Higqgs

(see also Contino,Grojean,Moretti,Piccinini,Rattazzi’'10)

68% probability interval on &,

1% Obkg 3 X Obkg
LHC —0.37,0.45 —0.43,0.48 .
14 [ ] [ ]HL"“LH C
HL-LHC [—0.15,0.19] [—0.18,0.20]
FCCo0 [0,0.01] [—0.01,0.01]
FCChh
kappa-0 | HL-LHC| FCC-ee |FCC-ee/eh/hh
240 365
Kw [%] 1.7 1.3 0.43 0.14
Kz [%] 1.5 (0.20 0.17 0.12

do /dmpp, |tb/bin]

Bishara,Contino,Rojo’16

5.0
1000

|Ayjj| =
m;jj (GeV) >

VIBS ﬂu& a°* Central jet veto: pr; (GeV) < 65

my, > 1000 GeV.

FCC 100TeV
T 1 1 T T
n -—  SM -
— G2y = 0.8
- == Background
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HwH Program |

K+t

HI*QHtr

H|°

HGa, G

H|*B,, B"
HPWe, W

|H|?0,H"0*H
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HwH: Higqgs Self COK«&F

pp — j7h + W-

:W]
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HwH: Higqgs Self COQ‘.{,}F
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HwH: Higqs Self Cmﬁfaim

ning,Logardo,Riembau,PRL'w

W —=l+v Same-sigh L@.p&@-v\s

pp = jgh +W=W=
h — bb

VBFE &Opoiogj



HwH: Higqs Self Cmﬁfaim

ning,Logardo,Riembau,PRL'w

W —=l+v Same-sigh L@.p&@-v\s
pp — jjh+ WEWE
h— bb .
Constraints from pp = jj /*v/*v h at HL-LHC
VRFE topology 10} o
| R Ha— o e -
’l:;mi | '> Q
T-e® <
S~ s Op o lolo s & A
—15: —
0.1 0.3 1 3 10



HwH: Higqs Self CO%FLEM

ning,Lo%ardo,Riembau,PRL’l‘)

W—=i+v Same-sigh L@.F:Eca-v\s
pp — Jjgh + W=W~=
h — bb i
Constraints from pp = jj /*v/*v h at HL-LHC
VBFE topology 10f o
| R Ha— T -
| | ’>> Q
1;7(::9 & Of 9%, HLALHO P ] P :
» Low background B -10;
v »
0.1 0.3 1 3 10



HwH: Higqs Self Coupling

W—=ltv Same-sign leptons
pp — jjh+ WEW*
h — bb .
Constraints from pp =3 jj vty h at HL-LHC
VBFE &opotogv 1o -
Eink |7
Jo®| < ] .
o S QP 95%, HL-LHC hh ] \
» Low background B 10
—15: -
0.1 0.3 1 3 10
B

: single channel, simple analysis, competitive with HC:

. Backqground, Distributions,More final States,Polarisation,...
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W—=ltv Same-sign leptons
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Constraints from pp =3 jj vty h at HL-LHC
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: single channel, simple analysis, competitive with HC:

. Backqground, Distributions,More final States,Polarisation,...

and for FCChh?
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HoH Program: h ko gause bosowns

W L
K 2 pv Z,”y ! /(
v |H|"B,.B
- N\%((

RZ~ ’H|2W5VWG’“V \
Z,7

and for FCChh?




HoH Program: h to gauge bosowns

Wiy
Ky |H|?B,,B" 2% /E-tii
: _ w i

I{Z'Y ’H|2W51/Wauy \

e Z, 7
: 10 constraints from pp » jjVV at HL-LHC 1
| Sémpte av\atjsis:

b
: Inclusive

<o e

| K2~ tomy&&&iva, Ky ok

: solid, dashed:B=1,0
oL
-2 -1 0 1 2

and for FCChh?




Messaqe

P Multiboson HwH: Competitive/Complementary to HC measurements

Probe EW sector Break degeneracies

P Many opportunities for improvement (aom&rarj bo HC):

PR B
1000
m(ee)

p Thorough study/potential for FCChh important bub still not fully explored



‘ “:{)\\ Top Yukawa... &mprovememEs

I

&\‘/l,/ Same amplitude enters in many channels...

more channels

Legs Order Diagram | Channels | Xsec|fb] | QCD bgnd | L/T
o twEWEWT 0.7 / 0.03
QCD | é:f tW*z2 0.4 / 0.03
thbWEW = 3.5 / 0.10
,L /
1—4 W vl wwEw T 3.5 / 0.20
/ o toW*Z2 3.8 / 0.11
thZZ 0.02 0 0.09
) ttZWW 0.083 / 0.03
Qeb™ - ttZZ 7 0.008 / 0.04
25 tbWWW 19 / 0.04
; toW ZZ 3.8 / 0.07
/ ttZ 0.1 / 0.29
5 x, ttW= 0.3 / 0.32
EW —— thZ 0.2 / 0.31
5o .3 tbW=*(S9) 0.9 2 0.29
tbW=(0.S) 19 / 0.45
< toW W+ 75 467 0.15
thW =W =+ 75 458 ¢ 0.13
tboW+Z7 26 215 0.15
thZ 2 4 0 0.07
e ° tWEWTW= 0.7 / 0.03
EW+QCD e tW*z2 0.4 / 0.03
) tWEWT 9 7.15 0.09
;‘é tWEW= 8 6.44 0.10
tW+Z 9 75.4 0.07
A 5 2.64 0.07

t-channel gluon

——so far

background estimate
differential distributions {inko larqer £2)



HoH Program: Higqgs-Gluons

see also Azatov, Grojean, Paul, Salvioni‘l4

A
2 va a v
|H| G,LLI/G . >-- - g ZL

g
Nown~-resonank!



RG
2 va a v
H|*G, G

HoH Program: Higqgs-Gluons

- —

g~ Yo

Main H
Production
mode @ LHC:
well measured

see also Azatov, Grojean, Paul, Salvioni'l4

04—

0.3
0.2
0.1

-0.1
-0.2
0.3

—
——
—— -
il T

00 05



HoH Program: Higqgs-Gluons

see also Azatov, Grojean, Paul, Salvioni'l4

0.4V
0.3 | vl
K | et g 2L
G 9 0.2 | |
‘Ge Gom -— = : {emilepton ]
|H| G,U,I/G UU" 01 _______________ é_:'m-‘“ -------- | g ZL
g ‘ — T i___hadrony A/ |
Main H -0.1 _ Nown-resonant!
Production ~0.2. P i
mode @ LHC: : K 2+

-0.3"

well measured
0.0 0.5 1.0 1.5 2.0

B
ImEQrEaM& since Caupi.ihg measurementks leave degemeratées...

N
1 NN\
— RN A
Kg¥ £ -
| T Hi gluons HwH offer new observables,

& 0.0 — == ) ,
| 0 Atk I orthogonal to previous ones:
boosted, /¢ 7 ‘\‘ ‘= ,:r', '

BRIl 2 74 ko | S e
y /:::/’ & of1iF-shell :
2 g ". o : o tth\ o : o




HwH Program: h to gause bosowns 2

Wi InSM VL suppresseci

\ L L contifio,Grojean,Moretti,Piccinini,Rattazzi’10

kv |H|?0,HTO"H
—_ - 'd
< g sy < 8%, (HwH) 6ry < 5% (HC)
W, Z N Bishara,Contino,Rojo’17



