Swmmary and future plans of the HH

%
¥ 2B
('ry
' 0 %
ok
N
Q) 2 )TN

22, MCCXXII

r v
Al
{ I~IN7
8 £ //” X/
8 A
. (
Y <;

v ~
S

oo\

P
-\‘%

CroSS Group

Ramona Grober

for the HH cross group convenors:

Luca cadamuro, Arnawd Ferrari, Margarete Mithllettner

11/11/20220

ano javier Mazzitelli

» IDD » DY
",1' N, ",1' N,
7 % 7 %
“. A L) .‘. ~ Y
s P =1 S 4 P - 5 b
A% v 0 F R g S0 F R
> 4 7 V4
‘@ (’ ‘L_“ '@ (’ &“’
/) od fwaae®Ty o 4 Waae®"g
A ' ~ L\
INFN H (N H (N
Istituto Nazionale = " @ N o &
L/ di Fisica Nucleare 4\’)))? e‘a (’p A’””E V(a Q'
Sezione di Padova Gaee®™ “,3 )),’~ Ca e N ""



outline

* DL-Higgs tn the Standard Model: Gluon fusion and VBF

* Effective Field Theory description of Bi-Higgs

* Resonant Production of a Higgs patr

Ramona Grober — Universita di Padova and INFN, Sezlowne di Padova



our preol'wtiow based at the moment on NNLO-FTapprox caleulation L [arazzint et al 12]

update in ‘20 to allow for variation of K;

o = 70.3874-50.4111*k)+11.0595*k,? in fb.

123 Tev

[Les Howches Procceding, contribution by de Flortawn, Fabre, Heinrich, Mazzitell]

KA -10 -5 -1 0 1 2 24 3 S 10
o [fb] 1680 598.9 131.9 70.38 31.05 13.81 13.10 18.67 94.82 672.2
Scale unc. | .779,%30% | 7 50, " 27% | 520, +28% | o 1o ¥24% | 00 +22% | o0 ¥21% | o 423% | o0 ¥27% | oo ¥49% | o o +4.2%

New results on N3LO in tnfinite top mass Limit

[Long-Bin Chen, Hal Tao Li, Hua-Sheng Shao, Jian Wang, 191

NE 13 TeV 14 TeV 27 TeV 100 TeV
LO | 13.80731% | 17.06751% | 98.22726% | 2015+19%
+18% +18% +16% +137%

NLO 25.81;51%(270 31.89;%52%770 183‘0;11%‘@ 3724::41[12(@770
NI;ILO 30'414—_07:686(‘7; 37.55?07:665?; 214'24:06:573?; 43224:05:531?;
N3LO | 31.3170:89% | 38.651065% | 220.240:25% | 443910-21%

NNLO results do not tinclude FT Approx,
awaiting their newest results for consistent update of nuwmbers on wiki




How to remormalise the top mass appearing in the diagrams ?

ownshell/ Msbar? New wncertainty! [see talk by Michael Spiral

'Pro‘PosaL to tnclude scheme uncertainties [Baglio et al. 2008.11626]

take envelope of prediction with top pole mass and MSbar top mass evaluated at p = m;,

Linear combination with scale uwcer’caiw’cg

for FTapprox NNLO numbers: combine the NNLO scale uncertainties Linearly with
NLO scheme uncertainty



How to remormalise the top mass appearing in the diagrams ?

ownshell/ Msbar? New wncertainty! [see talk by Michael Spiral

Proposal to include scheme uncertainties [Baglio et al. 2002.1162¢]

- take envelope of prediction with top pole mass and MSbar top mass evaluated at 4 = m,,

o linear combination with scale uwcer’caiw’cg

* for FTapprox NNLO numbers: combine the NNLO scale uncertainties Linearly with

NLO scheme uncertainty ,
Uncertainty large!!!

Vs=13TeV: o0y =
Vs=14TeV : 04 =
Vs =27TeV: 04 =
Vs =100 TeV : 04y =




mt -secheme uwcertaiwtg

Futuwre PLa NnS:

update of the numbers tncluding the m, scheme dependence

Do other WG's agree with the proposed procedure?  same Lssue for other processes!

88 = 272,88 — Hj,gg — HZ
g8 — @ for a heavy Higgs boson

pp— H+j [S.Jones and M. Spira in Les Houchesl gy 5 H +
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mt -secheme uwcertaiwtg

Futuwre pLa NnS:

update of the numbers tncluding the m, scheme dependence

Do other WG's agree with the proposed procedure?  same tssue for other processes!
88 = 22,88 — Hj,88 — HZ

g8 — @ for a heavy Higgs boson
can we understand more Looking at other processes?

How do we expect the uwoertaiwtgd to Look Like at NNLO?
what Ls the best wa Y to combine with NNLO?

Cross check with analytical results  [eonciani, pegrassi, Giardine, Griber 12,
Grober, Mater, Rauh "17]
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Recommendations at NNNLO RCD

[Preyer, Karlberg 18]

my (GeV)

Vs =13 TeV

\s = 14 TeV

\s = 27 TeV

Vs = 100 TeV

124.5

1 739 _0.040/0+0.03% i21%

2071 _0040/0+003% i21%

8459 _0.040/0+0.11 % :1:20%

8325 _0.05%+0.1 5% :1:2 1 %

125

1 726 -0.040/°+0.03% i21%

2055 _0.040/°+0.03% :t2 1 %

8404 _0.040/°+0.11 % 120%

8284 _0.04%+0.1 3% :tZ 1 %

125.09

1.723 049 003% +2.1%

2.052 049, 7003% +2.1%

8.394 049,70 1% £2.0%

82.77 .9 04, 0 1% £2.1%

125.5

1.711 _0.04%+0‘03% +2.1%

2.038 _0.04%+0‘03% +2.1%

8.349 04, 0 11% £2.0%

82.44 050, 10-14% £2.1%

to be updated to tnclude NLO EW corrections ano non-factorisable corrections

[Preyer, Karlberg, Lang, Pellen '20]

[Dreyer, Karlberg, Tancredi '20]




Recommendations at NNNLO RCD

[Dreg er, karlberg "1£]

my (GeV)

Vs =13 TeV

\s = 14 TeV

\s = 27 TeV

Vs = 100 TeV

124.5

1 739 _0.040/0+0.03% 121%

2071 _0040/0+003% i21%

8459 _0.040/0+0.11 % 120%

8325 _0.05%+0.1 5% :t2 1 %

125

1 726 -0.04°/°+0.03% i21%

2055 _0.04°/°+0.03% :t2 1 %

8404 _0.04°/°+0.11 % 120%

82.84 049,70 13% £2.1%

125.09

1.723 _0_04%+0‘03% +2.1%

2.052 _0_04%+0‘03% +2.1%

8.394 _0.04%+0‘11% +2.0%

82.77 _0_04%+0'11 % +2.1%

125.5

1.711 _0.04%+0'03% +2.1%

2.038 _0.04%+0‘03% +2.1%

8.349 04, 0 11% £2.0%

82.44 050, 10-14% £2.1%

to be updated to tnclude NLO EW corrections ano non-factorisable corrections

EFT predictions in VBF:

[Preyer, Karlberg, Lang, Pellen '20]

[Dreyer, Karlberg, Tancredi '20]




Recommendations at NNNLO RCD

[>reyer, Karlberg '1£]

my (GeV)

Vs =13 TeV

Vs = 14 TeV

\s = 27 TeV

Vs = 100 TeV

124.5

1 739 _0.040/0+0.03% i21%

2071 _0.040/0+0.03% i21%

8459 _0.040/0+0.11 % i20%

83.25 059,70 15% +2.1%

125

1 726 -O_O4°/o+0-03% i21%

2055 _0.040/0+0.03% 12 1 %

8404 _0.040/0+0.11 % i20%

8284 _0‘04%+0.1 3% :t2 1 %

125.09

1.723 049 003% +2.1%

2.052 g 049, 0-03% £2. 1%

8.394 049,70 1% £2.0%

82.77 .0.04% 01" £2.1%

125.5

1.711 _0'04%+0‘03% +2.1%

2.038 _0.04%+0‘03% +2.1%

8.349 04, 0 11% £2.0%

82.44 050, 10-14% £2.1%

to be updated to tnclude NLO EW corrections ano non-factorisable corrections

EFT predictions in VBF:

[Dreyer, Karlberg, Lang, Pellen '20]

So far: EFT preolictiow obtained ba

exact tn structure function approach (which is exact up to NLO)

EFT

[Dreyer, Karlberg, Tancredi '20]

SM
EFT ON3LO

OnsLo = OLo i

950)




Recommendations at NNNLO QCD [>reyer, Karlberg '1€]

my (GeV) Vs =13 TeV \s = 14 TeV \s = 27 TeV Vs = 100 TeV

124.5 1.739 0.04%70%3% £2.1% | 2.071 049%70%% £2.1% | 8.459 049,70 11% £2.0% | 83.25 50, +0-1%% £2.1%

125 1.726 0.049%70%3% £2.1% | 2.055 049,70 %3% £2.1% | 8.404 049,70 11% £2.0% | 82.84 40, *0-13% £2.1%

125.09 | 1.723 04" 093% £2.1% | 2.052 9040, 003% £2.1% | 8.394 040, 0 11% £2.0% | 82.77 0049, 0% £2.1%

125.5 1.711 .049%7003% £2.1% | 2.038 949,70 03% £2.1% | 8.349 049, "0 11% £2.0% | 82.44 (50,70 14% £2.1%

to be updated to tnclude NLO EW corrections ano non-factorisable corrections

[Preyer, Karlberg, Lang, Pellen '20] [Dreyer, Karlberg, Tancredi '20]

EFT predictions in VBF:

So far: EFT preollctiow obtained bgj

oM
oEFT _ EFT N3LO
N3LO — “LO SM
J50)
A= My orT OBB OTB X Effect © (1-2%) but bigger with VBF cuts

Born 10.393 tb 14.172 fb —23.904 fb | 0.662 fb

Lloop NF  0339%  0518%  08909% | 208%  Avd fordistributions

2-loop NF —0.667% —0.658% —0.666% —0.50%
Full NF —0.327% —0.139% —0.267% ( 1.52%



Effective Theory for Ht

Status:
Predictions given only for variation of K)

g h
g \\h
SMEFT:
= Hgiapy + S mf + S\HPG,GM+ 220 A |HP +h.c.+
= A2 u A2 A2 uv FQL rIH|"+h.c.

%G ~ a1 a h
FQLG,L{I/T HtRG/ﬂ/ + .C.
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Effective Theory for Ht

Status:
Predictions given only for variation of K)

g g _h
g g \\h
_h
“h
HEFT:
m?
_ h h? a h : 3
L= —mit|¢ —+%— | +—=| " —+¢— )G"G,, + gt
v V2 87 % V2 2v
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Effective Theory for Ht

Status:
Predictions given only for variation of K)

HEFT- two Higgs couplings only to be probed in H

2 h\‘ h? mj;
< = 7 h h & pu oy —=h3
-mit| ¢ —+Cr— | + C, —+Coe— | G*G,, T Chnn
T\ v+ )2 8z \ v 2 H 2v
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what to recommend? HEFT/SMEFT?
based ow discussion among the HH/WG2 convenors on 2nd Nov

HEeFT SMEFT
@ NLO results avatlable @ contains dipole operator (which by power
[Buchalla et al '18; Hetnrich et al '20] counting s C)(Pected to be Of hi’gher oroler

. , though)
@ di-thggs 1s THE place to
probe differences

Ln one or two Higgs @ Combination with single Higgs fits

couplings stmpler (take bounds on single Higgs
@ many wore couplings OP,CLTWCDVS from t:ere and determine

only L - trilinear from that)

degeneracies?

UV models that don't
Linearise?




[talk by Maggiel
Plan: New and updated benchwmarks for di-Higgs tncluding asymmetric final states

pp = H — hh pp — S — Hh

recelveod some benchmark scenarios tn :20:!__9/;20;20, NMSSM subgrouq:

[Robewns, et al.; Basler, Dawson, Englert, Mithllettner; Baum, Shah]

o x BR [pb]

NMSSM 2HPM
103 LI N N I N O L O | I l 1604061f4 bbbb bound o
’ LHC HXSG NMSSM subgroup, 2020 m(H )= 100-110 GeV: H_HSM .
10 Maximum allowed o x BR Hgu— bb, H_ 2 TT = SSM ]
1 H/A Hgy + HA a
0 = Pp— masm— Pgy + singlet  __..... Hg,— 11, Hsingm - bb P | ROHDM-|
I~ s |  ege*

e - — —Hg,>bb,H__ b 1ot DN I |
10—1 ? ~ —_— — m(A smglel) =102-103 GeV: ;% '. :. '.....:.é;:.... .:‘. [taLIe bg Ma@gb&]
102F e Tl o OB A T . Lo

= I% L) '.. ":u .‘. .. g .A.‘-‘.
3L . e s Elhy, o
10 t PO LN ;‘-";':':‘;I.".._fﬁ.-"":"t"'-a;, it
10-4 . g 2 SRERBI A L8 o.mc.su..s.fﬂ-\...u-‘fu
LT N oo [} . o * . * .
. Ve .. - ’(‘3 10-2
107 e
0—6 Lol l 0 - l ) l ) I l ) l L. l ) I —— l ) l N I
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my [GeV]



we have a Lot of tnput, now it Ls timee to dectde whitch benchmarks to recommend!

How to choose?

* for different combinations of final state Higgs pairs and different decay
stgnatures

that allow to

o exclude/test models

* Ldentifying for smoking gun/exotic signatures

* complement for standard non-sSM Higgs searches

* complement single Higgs results

* VBF resonawnces?



Uupoate SM predictions to newest developments (ggF at N=LO,
VBF EW and non-factorisable corrections), mt scheme choice
uvwertaiwta

point I left out: modelling of HH+2) but see

EFT: ongoing discussion with Waz, goal: give EFT recommendations

BSM HH proolu.ctiow: select new/updated benchmarks



Uupoate SM predictions to newest developments (ggF at N=LO,
VBF EW and non-factorisable corrections), mt scheme choice
wncerta iwtg

point I left out: modelling of HH+2) but see  [talk by =achel, Stewyan]

EFT: ongoing discussion with WG, goal: give EFT recommendations

BSM HH proaluctlow: select new/updated benchmarks
Dlscussion meetiing ID:

I3 6843 4922

Thawnks for Your attention!



mt -scheme uwoertaiwtg H:j

swall Prcut: dominance of t/u channel exchange glion diagrams

Ramona Grober — Universita di Padova and INFN, Sezilone di Padova



