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Introduction

s 1t the SM-Higgs Boson?

Scale of New Physics?

19.7 o' (8 TeV) + 5.1 f5' (7 TeV)

Combined
1.00+0.13

H—> bb (VH tag)

H — bb (ttH tag)
H— vy (untagged)
H— vy (VBF tag)
H— vy (VH tag)

H — vy (ttH tag)
H—> WW (0/1 jet)
H—» WW (VBF tag)
H— WW (VH tag)
H— WW (ttH tag)
H— tt (0/1 jet)

H — 1 (VBF tag)
H — 1t (VH tag)

CMS m, =125 GeV

Preliminar

H — 7z (ttH tag)
H— ZZ (01 jet)
H— ZZ (2 jets)
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Introduction

Very important test:
Higgs potential

1

self couplings

1 1
V(h) = §m% h? + ALBRU he + ZAhhhh ht
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Introduction

Very important test:
Higgs potential

1

self couplings

1 1
V(h) = §m% h? + ALBRU he + ZAhhhh ht

©In the SM: ASM — \SM ™y 13
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Introduction

Very important test:
Higgs potential

1

self couplings

1 1
V(h) = §h2 + ApRRU h + ZAhhhh ht

/4

my, ~ 125 GeV established @LHC
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Introduction

Very important test:
Higgs potential

1

self couplings

1 1
V(h) = 5mi, b’ + A b + nnnn

/4

B g .

AnLh can be measured in o H
) —g

Hiqgs -pair production . N,
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Introduction

Very important test:
Higgs potential

1

self couplings

1

1
V(h) = 5mi, h® + Aanv h° + Z B

Triple Higgs production: extremely challenging @(V)LHC
0.06 fb @ LHC14; 9.45 fb @ VLHC (200 TeV)

Plelhn, Rauch, ph/0507321
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HH Production @ LHC

* Most important mechanism: g8 — hh

9 " DO000000) H g < —— _ _ H
//
q" —{ qV A
N\
AN
9 OO0 “H 9 N S H

Eboli, Marques, Novaes, Natale, PLB 197(1987)2649 g(gg —> hh)LO ~ 17 fb
Glover, van der Bij, NPB 309(1988)282

Dawson, Dittmaier, Spira, PRD 58(1998)115012 O(gg — hh)NLO ~ 33 1b
Grigo, Hoff, Melnikov, Steinhauser, 1305.7340

de Florian, Mazzitelli, 1305.5206, 1309.6594 O'(gg — hh)NNLQ ~ 40 fb

see also Maltoni, Viryonidou, Zaro, 1408.6542

Theoretical error (NNLO): fy, ~ 10% (scale) + 10% (pdf+a;) + 10% (m¢

LHC@14TeV
my, ~125 GeV
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HH Production @ LHC

* Most important mechanism: g8 — hh

9 " DO000000) H g < —— _ _ H
//
q" —{ qV A
N\
AN
9 OO0 “H 9 N S H

Eboli, Marques, Novaes, Natale, PLB 197(1987)2649 J(gg —> hh)LO ~ 17 fb
Glover, van der Bij, NPB 309(1988)282

Dawson, Dittmaier, Spira, PRD 58(19498)115012 J(gg —> hh)NLO ~ 33 fb
Grigo, Hoff, Melnikov, Steinhauser, 1305.7340

de Florian, Mazzitelli, 1305.5206, 1309.6594 O'(gg — hh)NNLO N 40 fb

see also Maltoni, Viryonidou, Zaro, 1408.6542

Conservative assumption for analysis: fy, = 30%

LHC@14TeV
my, ~125 GeV
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HH Production @ LHC

* Most important mechanism: g8 — hh

9 DO000000) ,H g « . _ _ _ H
/
A /
ay Shih ay |
AN
AN
g T “H g — H
120}
100
=4 EU;
E ﬁ[];
‘m;' SM: destructiy
20¢ te
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HH Production @ LHC

» Other production channels qq" — hhqq',Vhh, tthh
~10-30 times smaller (neglect in the following)

| o(pp — HH + X) [fb]
1000 ¢ My = 125 GeV gg — HH
100 | a9’ — HHqd]
~"qq/gg — ttHH |
qq — ZHH ]
1 ;!,’
0.1 . | | |
S 50 75 100

See [e.g.] Baglio, Djouadi, Grober, Muhlleitner, Quevillon, Spira, 1212.5581, and refs. therein
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Decay Channels

* Discovery potential at LHC studied in different channels

[N

S WW =L
+ - bb ] ;
S T 18
(o= I
2 10" A ,, =
™ s ;
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+ . cC _
%10'2 — =
7)) - =
(@®)] — ]
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T | -
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Uy \
—4 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 1 1 1
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M, [GeV]

Baur, Plehn, Rainwater, hep-ph/0310056

HH in D=6 sSm

o (gg = h h) BR(hh - X) [fb]

30.0

20.0

15.0

10.0

Papaefstathiou, Yang, Zurita, 1209.1489

Florian Goertz

CT10NLO, Vs =14 TeV, ur=pg=mpy,
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hadronic modes dominate




Decay Channels

B Significance @ 600 fb™
hh — bby~y

Baur, Plehn, Rainwater, hep-ph/0310056

5 V20 (S/B=6/12)

hh — bbrTr~
Dolan, Englert, Spannowsky, 1206.5001 ~ 4'50- (3/8-57/1151)
e~ "\%" _d Mf_ \%A " Butterworth, Davison,
Y. o Ve - Rubin, Salam, 0802.2470
hh — bW TW ~ 30 (S/B=12/8)

Papaefstathiou, Yang, Zurita, 1209.1489

Theorists' analyses!
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Decay Channels

hh — bby~y

Baur, Plehn, Rainwater, hep-ph/0310056

hh — bbr 71~

Dolan, Englert, Spannowsky, 1206.5001

hh — bbW W~

Papaefstathiou, Yang, Zurita, 1209.1489

Significance

pp — hh, @ 14 TeV LHC

—
8 — Comb. -—-— Evidence
bbbt T -—-— Discovery

e
-_--__..-
-
— -

-
-
-
p—

—-—
——
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1 1 1 1 1 1 1 1 1 1 1 1 |
0 200 400 600 800 1000

Luminosity [fb™ 1

FG, Papaefstathiou, Yang, Zurita, 1309.3805
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/Measuring )\hhh

* Expected constraints on \ = Appp /NN @LHC

from FG, Papaefstathiou, Yang, Zurita, 1301.3492

Process 600 fb~! (20) | 600 b~ (1o) | 3000 b~ (20) | 3000 fb~! (1o)
bbr T (0.22,4.70) | (0.57, 1.64) | (0.42, 2.13) (0.69, 1.40)
W W - | (0.04, 4.88) | (0.46,1.95) | (0.36, 4.56) (0.65, 1.46)
bbyy (-0.56, 5.48) | (0.09, 4.83) | (0.08, 4.84) (0.48, 1.87)

* Add single D=6 coefficient / consistency test of SM
e Assumed Airye = 1

; ; o hh o
* Reduce error by employing ratio Cp,, = ;(Cfggg—;h)) =

— reduction of scale uncertainty + cancellation of common systematics (to some extend)

Combination yields ~ 30% accuracy with 3000 fb™

Florian Goertz
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Higgs Boson EFT

« Assume (unspecified) New Physics at a scale \>>v
— leading effects: D=6 operators built of SM content

Buchmuller, Wyler, NPB 268(1986)621-653
Here: Grzadkowski, Iskrzynski, Misiak, Rosiek, 1008.4884

L= Lom + O H|?*)? — 6)\\H\6

A2<
(Azyt‘H‘QQLHCtR+ AQ?/b‘H‘ QrHbr + AzyT‘H‘QI_JLHTR—i_h.C.)

fs{igz‘H‘ZGa G,UJV Zf XYQ‘H‘ZBMVBMV
7 T
ig CHW v VI ”69' CHB "
DM H D W DFHYY (DYH)B,,,
+ 167T2A2( ) O-k( ) 67T2A2( ) ( ) I8
ig ¢ YA C H
+ g - (H'oy D" H)D" W, + i S (H'D"H)9 By, (+Lcp + Lar)
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Higgs Boson EFT

« Assume (unspecified) New Physics at a scale \>>v
— leading effects: D=6 operators built of SM content

Buchmuller, Wyler, NPB 268(1986)621-653
Grzadkowski, Iskrzynski, Misiak, Rosiek, 1008.4884

L= Lom+ (0" H[2)? - 6A\H\6

2\
<A2 v HI*QrHtg + A2 s HIPQLHbg + 5 Sy |HPLpHrg + h.c.)
| QsCy 2 ~a v o Cry 9 y
H2Ge, G H[?B,, B"
Loop induced 4 A2 ‘ ‘ 47TA2 ‘ ‘ H
see e.g. 19 CHW - zg' CHE )
Einhorn, Wudka, + 1672 A2 (DMH) Ok (D )Wk 1672 A2 (DMH)T(D H)B,UV
1307.0478 P R . .
+ ‘;’A‘S/ (H'oy D*H)D*Wy, + Cd Z(HYD*H)3"B,, (+Lcp + L)

AZ

For non-linear realization, see e.g. Grinstein, Trott O704.1505;
Contino, Grojean, Moretti, Piccinini, Rattazzi 1002.1011

HH in D=6 SM Florian Goertz 19



Higgs Boson EFT

Co
L= Lgy + A2(8“‘H‘2) 2)\‘[‘]‘6
(Agyt\H\2QLHctR+ Az H’ QrHbp + Ka e H LLHTR+hc)
XsCq 2 va v O/C’Y 2 v
H b H\*B,, B"*
47TA2| "Gl Ga 47TA2‘ "By
19 CHW y ig cyp )
oo (DM H) ok (DY H)W,, + —o s (DM H) (D H) B,
ZgCW T it vixsk g CB TH v B
Y (H'ow, D*H)D"W}, + TE (H'D"*H)o"B

* Neglected operators that are strongly constrained from precision tests

See e.g.: Elias-Miro, Espinosa, Masso, Pomarol, 1308.1879; Pomarol, Riva, 1308.2803;
Corbett, Eboli, Gonzalez-Fraile, Gonzalez-Garcia 1207.1344, 1211.4580, 1304.1151;
Falkowski, Riva, Urbano, 1303.12812; Contino, Ghezzi, Grojean, Muhlleitner, Spira, 1303.3876;
Dumont, Fichet, von Gersdorff 1304.33649; Falkowski, Riva, 1411.0669

HH in D=6 sSm Florian Goertz




Higgs Boson EFT

M H[?)? - 5 A\H\6

L= L\ + A2<

~ (A2 yt\H\2QLHCtR + A2 s HI*QrHbr + 5 T |HPPLHrg + h.c.)

Oény

H2 a ,u,l/
"G Ga 47TA2

H|?B,, B"

19 CHW
1672 A2 167T2A2

1g Cw — y i9' cB H v B
oo (H'ow DFH)DYW, + === (HT D" H)0" B

_1_

/
(D) oy (DY YWY, + 1B Dyt (D¥ 1) B,,,

* Precision tests also lead to the approximate relation (EOM consistent)

CHW CIHHB Elias-Miro, Espinosa, Masso, Pomarol, 1308.1879

W= T T T 62 T 16n2

Trott 1409.7605

HH in D=6 sSm Florian Goertz



Higgs Boson EFT

[ — £8M+ (6“\}[\2) C6 )\‘H‘G Pure Higgs

Yukawa type

- (Azyt‘H‘QQLHCtR+ Azyb\H\ QrHbR + AzyT\H\QELHTR+h,C,)

%5'0%\ s
« (%@ -
RN

oS
&P

a' ¢,
4w A2

|H|*GS, G + |H|? B, B"

* Precision tests also lead to the approximate relation (EOM consistent)

CHW CHB Elias-Miro, Espinosa, Masso, Pomarol, 1308.1879
Trott 1409.7605

1672 1672

Cw — —Cp — —

HH in D=6 sSm Florian Goertz



Higgs Boson EFT

Yukawa type

(Azyt‘H‘QQLHCtR—F 12 | H|? QLHbR + = 12 5 Yr|H] LLHTR+hc)

[ = £8M+ (8“\}[\2) Ce )\\H\G Pure Higgs
XsCqg 2 va v o Cy 2 v o,
T a2 Hl GG + oG H I Bu B

* What about light-quark Yukawas
— can assume MFV, but even should be

negligible on more general grounds: FCNCs

HH in D=6 sSm

Im[Yg Yaall

_.

3
L
s

» - .
1o-izL = S
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L

10—16 I

Mg -G, 14000102
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99 — hh

Relevant Terms: M{/ P
2 -
my 3 ey
Lpph=——|1—=cr +cs h3 M:I Mg@
20 2
UsCq h h2 a y i:bb
— G LGt
41 ( 2@2) , \
_ ”;t (1 — 7 + Ct) trtrh + — (1 — 7 + Cb) brbrh + h'c'}
(3¢ CcH\ 7, o b (3¢  CH
- — — |t trh brbrh? +h
_v2(2 Q)LR +v2<2 Q)LR +C]
: A2 /0 — _'T°£ 1 0 _CHU2 _CHY,2 3
cz—>czA/v,H—exp( i . VACHY) h— (1 o s 2A2h 6A2h

HH in D=6 sSm

non-linear redefinition:
removes momentum-dependent interactions

Florian Goertz 24



Lnn=——"21—=cyg+cg)|h &
2 9 S . é(\@o

& J ) & L )
T
asc, (h  h?
0 (B TN g ]
A7 \v 202) H
i s (1 -~ %{ + Ct) frtrh+ — (1 - %{ + Cb) brbrh + h-C-}
v v

_ 3 B 3 _
B ( - CH) trtnh® Mo (2% 4 brbrh® + h.c.
v? \ 2 2
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Aot VS N

m2 3 m? 25
LD ——h(1_Z [ R O 6] h*
N ( 20H+(:6> 302 ( 3 cy + 06>

m2 2

2
= B4+ A = b (14 6A =
)\hhh 21)2 ( + ) 7£ )\hhhh 2”02 + 6 + 3CH

A :CG_3CH/2

HH in D=6 sSm Florian Goertz



Cross Sectionin SM (LO)

spin-0 spin-2

do(gg — hh)  GHal .
di ~ 256(27)3 [Ca A@‘ +|Catal’]

Chr = = 5 s Ch=1
2 2

G = O(3/mb)

See Plehn, Spira, Zerwas ph/4603205

HH in D=6 sSm Florian Goertz



Cross Section in D=6 EFT

Gros
EFT: 256(27-‘-)3 {|CAFA(1 — 2c + Ct + 66) —+ SFA(gct — CH) + QCgCA

da(gg — hh)
dt

2 2
+ Cofp(l —cg + 2¢¢) + QCgCD| + |CDGD| }

—
-
P
—
-

Implemented in MC generator Herwig++

See Plehn, Spira, Zerwas ph/4603205 Normalize to NNLO: de Florian, Mazzitelli, 1309.6594

HH in D=6 sSm Florian Goertz



Higgs Decays in D=6 EFT

Mode tree 1 loop QCD 1 loop
h — bb CH. Cp CH, Cp CH , Cp, Ct, C6, CW
h—71T CH, Cr - CH , Cr,C6, CW
h — T C - CH ,Ch, Ct, Cry CW
h — WW CH, CHW , CW - CH ,CW,Ch; Ct, Cr, Cp
99 — hh Cq Ct, Cp Ct, Cp. CH, Cp
99 — h Cyg Ct, Ch, CFI Ct, Cp ,CF
Table 1: Operators that modify the various decays of the Higgs boson at the tree level

(second column), at the one-loop level, considering only QQCD corrections (third column),
as well as at the full one-loop level (fourth column). For completeness, we also include the
operators entering gg — h and gg — hh. The operators that are highlighted in bold text

are included in the treatment of the present paper in the corresponding topology.

Florian Goertz
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Higgs Decays in D=6 EFT

Mode tree 1 loop QCD 1 loop
h — bb CH ., Cp —€H € CH , Cp, Ct, C5, CW
h— 71T Cfr., C= / CH , Cr, CGy CW
h — vy Cy  Loop + A? suppressed wrt SM CH , Ch Gty O, CW
h— WW CH, CHW; €W - CH , CW , Ch, Ct, Cr, Cg
99 — hh Cg Ct, Cy Ct, Cp. CIL
99 —+ h Cg Ct, Chy, CHI Ct, Chp ,CJFJ
Included via eHDECAY: CHW CHB

Contino, Ghezzi, Grojean, Muhlleitner, Spira, 1403.3381 1672 1672

:> 6 Parameters: {66,CH,ct,cb:cT,cg,c,Y}

Unique accessibility in hh production!

HH in D=6 sSm Florian Goertz



HH in D=6 EFT

Z .
L= ﬁSM+ (a“‘H‘Z) )\‘H‘G Pure Higgs Yukawa type

(Azyt\H\ QLHCtR+A yp|H|? QLHbR+A v, |H]| LLHTR+hc)

sCyq
4w A2

Odny

H2Ga G,ul/
A 4 A?

2 2% %%m
H[?B,,B*| “»
Iu 'ﬁséﬁsm |

:> 6 Parameters: {06,CH,ct,cb:cT,cg,ch}

Unique accessibility in hh production!

HH in D=6 sSm Florian Goertz



Analysis

® FOCMS OV\. hh — bET—I_ T - Dolan, Englert, Spannowsky, 1206.5001

Baglio, Djouadi, Grober, Muhlleitner, Quevillon; 1212.5581

@LHC:L4. Barr, Dolan, Englert, Spannowsky,, 1309.63138

Maierhoefer, Papaefstathiou, 1401.0007

* Main backgrounds: e pp —tt — bbrT 7 (+Ep,)

Generated with aMC@NLO
(+ HERWIG++)

Frixione et. al.,, 1010.0568 - -
Frederix et. al., 1104.5613 ® DD — hZ — bbrrr

Alwall et. al., 1405.0301

o pp = ZZ — bbrtr~

HH in D=6 sSm Florian Goertz
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Hnalysis: hh — bbr 7~

* Main backgrounds: e pp—tt — bbrT 7™ (+Eps)

Generated with aMC@NLO
(+ HERWIG++)

Frixione et. al.,, 1010.0568

Frederix et. al., 1104.5613 ® Dp — h/ — b67-+7-—
Alwall et. al., 1405.0301

N Cuts:

e Two 7-tagged jets with p; > 20 GeV

o pp = ZZ — bbrtT™

e one fat jet with R = 1.4 (CA), two hardest sub-jets b-tagged (|n| < 2.5)

Butterworth, Davison, Rubin, Salam, 0802.2470

® M +,.—, Mt € My — 25 GeV,my, + 25 GeV]

o pt p7T > 100 GeV, AR(h,h) > 2.8, p" <80 GeV

see: Dolan, Englert, Spannowsky, 1206.5001;
Maierhoefer, Papaefstathiou, 1401.0007

b,t-tagging efficiencies: 70 %

HH in D=6 SM Florian Goertz 33
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99 — hh Cross Section

hh@14 TeV

100.0 hh@14 TeV

20.0F " -.

e
100 il = -
WU
= - -

0'1 1 1 1 1 1 1 1 1 1 1 1 L
-1.0 -08 06 -04 -02 00 0.2 0.4 0.6 0.8 1.0 —0.4 —0.2 0.0 0.2 0.4

MSTW2008nlo_nf4 PDF
« Effect of varying individual Wilson coefficients

* Dashed: parameter-range excluded from h data at the LHC
— used HiggsBounds, HiggsSignals on cross sections calculated via eHDECAY

Bechtle et.al., 1311.0055, 1305.1933

HH in D=6 sSm Florian Goertz




99 — hh Cross Section

hh@14 TeV

100.0 hh@14 TeV

20.0F " -.

e
100 il = -
WU
= - -

0'1 1 1 1 1 1 1 1 1 1 1 1 L
-1.0 -08 06 -04 -02 00 0.2 0.4 0.6 0.8 1.0 —0.4 —0.2 0.0 0.2 0.4

MSTw2008nlo_nf4 PDF
da(gg — hh)

dt

G2
= B L N\OAFA(1 -2 3FA (3¢, — 2e.C
EFT 256(277)3{| afal cH + ¢+ C6) +3FA (3¢t — cm) + 2¢4Cn

2 2
+CDFD(1—CH+2@)+2CQCD‘ +)CDGD‘ }
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99 — hh after cuts

Efficiency Cross Section

0.5 hlh@ll-ﬂl TE‘IH.-", arllalysiIS 107 . | | hlh{r;n_}llzﬂr TE‘IH.-", ar?alysils | .
— iy - —_— iy
—_— -

0.20} oo ;
— t?'.l;
—_

0.15} i

=y

0.10F

(ole;) -ele; )/ (ogn €qn)

0.05¢

0005 —08 —06 04 02 00 02 04 06 08 L0 1.0 08 06 —04 —02 0.0 0.2 0.4 0.6 0.8 L0

t?‘i &

MC generator important for analysis
— describe distributions, which determine efficiencies €(c;)
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Full Analysis

* Start with model where OV\.(y C6 # 0 (unconstrained from single h)

N Vary only A as done in previous studies (- BRs unchanged)

e S(cg) signal + B background events @ given Ly
° N(C@) = 5(66) + B, IN? = 5% + §B?

HH in D=6 sSm Florian Goertz



Full Analysis

* Start with model where OV\.(y C6 # 0 (unconstrained from single h)

N Vary only A as done in previous studies (- BRs unchanged)

e S(cg) signal + B background events @Q given L
o N(cs) = Slcs) + B, SN? = 557 4+ 0B + S2f3,

5N2 — N —I— Sthzh

HH in D=6 sSm Florian Goertz



Full Analysis

* Start with model where OV\.(y C6 # 0 (unconstrained from single h)

% Vary only A as done in previous studies (- BRs unchanged)
SN? = N + S*f3

. Expected constraint on ¢, assuming the SM to be true (c,=0):

Compute how many standard deviations 0N (cg) away a given N (cg),
as predicted from theory, is from N(cg = 0).

HH in D=6 sSm Florian Goertz



Full Analysis

hh@14 TeV, f, =0.0 hh@14 TeV, f, =0.3

1.0 : 1.0 :
— f.fﬁ, EDD fb : I f.‘ﬁ, EDD fb :
— ¢, 3000fb" || — ¢;, 3000 fb!
R e Rl e e o
g 05; g o5
m m
> >
(=8 (&8
0.25} 0.25}
—2 ~1 0 1 2 3 ) 1 0 1 2 3

cL?(600 fb~ 1) €(—0.4,0.5), ¢t7(3000 fb™') €(—0.3,0.3), fin=0
g7 (600 fb™1) €(—0.5,0.8), ¢7(3000 b~ 1) €(—0.4,0.4), fin=0.3

(cg > 0)—region more challenging as cross section reduced — larger uncertainty
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Full D=6 Theory

« Similar as before, assume SM (¢;=0) to be true and calculate

distance of predicted N(cg,...,c;) from N(cg=0,...,¢, =0)

in units of §N(cg,...,cp)-

* Show results in LZD grids (¢, c,-)L i=H,g.y,t,b

* Marginalize over other directions, varying the coefficients in

the a5% CL allowed regions, obtained from HiggsBounds/Signals
(with a Gaussian weight)
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Scan of the Parameter Space

* Show results in 2D grids (¢, ¢;), i=H.,g,y,t,b
* Marginalize over other directions, varying the coefficients in
the 95% CL allowed regions, obtained from HiggsBounds/Signals

(with a Gaussian weight)
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pleses) = L e co)y ” PLcirco) {Z}p%’cz’{c‘f})XpGaUSS({Cf})
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B 1 @y —pg)?
PGauss. ({Cf}) — 1;[ O'f\/% exXp { 202 }

f

* Draw iso-contours corresponding to probability-drop of 10
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Cq

hh@14 TeV, L = 600fb ', f,;, =0.0, gauss

Results: c.-cs
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hh@14 TeV, L = 600fb ', f,, =0.3, gauss
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» Clear correlation visible: Enhanced hh cross section due to
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negative ci can be compensated by reduction due to positive cg
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hh@14 TeV, L = 3000fb ', f,,=0.0, gaussian hh@14 TeV, L = 3000fb ', f,,=0.3, gaussian
T T T T T 1‘0 T T T T T 1‘0
3t . e e . . a ™ ™ ° . 0.9 3t . e e ® a e ™ r P - 0.9
L] (-] L) L] L] (-] (<] L] . ] (-] -] -] a [+] [+] =]
0.8 0.8
2 ; 8 ] o s a @ & ] ~ 2 s ® @ @ ™ o o ‘b 2 ~
0.7 oy 0.7
® ® s ® @ o ® ® @ ® :' LI
0.6 " v 0.6
1 @ o ] e ° o - 1 © F "= ° e la 4, o -
- £ 1 * ' A
S - 0.5 S ' “ I \ 0.5
~ LA 8 by @ ~ 4 ©®© e e+ ® @ {
) -t
' Yo RN 0.4 ' ' 0.4
ot sy B e ge @ ‘o o ot -"‘ ® e ® 5] ."‘ ,
]
\ . 4 ' ' 4
& A (] @ (] ol 0.3 . ® "". e @ @ ® I. 4 0.3
* ]
L] » 1
-1 o *‘ =] @ @ .: 4 102 -1l . . . .“ ™ @ @ gy 4 ~40.2
. 1 "" 1
:«.__.‘ @ al 4 0.1 . . - ™ ® @ e ! 40.1
iy rd - ']
A ’ T - !
_2 | | 1 k o il & L1 0.0 _2 | 1 1 R = i [ 0‘0
—-0.4 -0.2 0.0 0.2 0.4 —0.4 -0.2 0.0 0.2 0.4
¢ ¢,

« Better knowledge on ‘top Yukawa' ¢, helpful to improve the range for ¢,

« On the other hand, could also obtain meaningful information on ¢ in hh
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hh@14 TeV, L = 3000fb !
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hh@14 TeV, L = 3000fb !, f, =0.3, gaussian
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* Again compensation of effects from different operators possible

— range for ¢, depends significantly on other coefficients

Florian Goertz
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hh@14 TeV, L

= 3000fb !, f,,,=0.0, gaussian

Cy" 66

hh@14 TeV, L = 3000fb !, f,,=0.3, gaussian
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* As expected very weak corvelation: only indirectly through

dependence of allowed range in c, on value of ¢,
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hh@14 TeV, L = 3000fb~!
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hh@14 TeV, L = 3000fb™!,

0.3, gaussian

th
T 7 T '_I T Y T 1.0
it o l:' o e e e *‘- - -
'
! F 0.9
o a™_ @ e ¢+ © ® e o o
q-_'-"_.;
2 @ @ ® °] @ @ (] ] [ 0.8
[ @ @ e e @ [ @ @
0.7
1 @ <] @ ® @ @ @ [ o
0.6
o] Lo @ [ ] @ 4] o [ ] L]
ol @ e o e @ o @ e - 0.5
@ L] L @ @ L ] 1] L] L] o2
-1t @ @ ) ] ® ] @ ® [
e ._-‘l- ---h‘ﬂ‘ _Da
& mTe e e o o @ ' @
-2 " - 4 = + & . & __DE
—0.4 —0.2 0.0 0.2 0.4
CH




hh@14 TeV, L = 3000fb !, f,,
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* Reduced BR due (c,=¢;)<0 to can be compensated by enhanced

production cross section due to negative c, and vice versa
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Full Marginalization — cg

hh@14 TeV, f, =0.0 hh@14 TeV, f,, =0.3
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Final Results

Expected 10 constraints at the 14 TeV LHC, assuming fy, = 30%

model L =600 fb! L = 3000 fb~!
cg-only cg € (—0.5,0.8) cg € (—0.4,0.4)
full ce = —1.3 ce € (—1.2,2.4)
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Conclusions and Outlook

Analysis of hh productions can offer viable additional
information on the D=6 extension of the SM

Some Future Directions:
* Optimize analysis for different regions of parameter space
- Break degeneracy c,=c./consider different projections
* Include other decay channels

* Consider distributions to improve bounds
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Backup: Hbounds/Signals Ranges

coefficient i ¢ o
CH -0.035 0.225
Ct -0.04 0.17
Ch 0.0 0.18
Cq -0.01 0.06
Cy -0.25 0.62
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