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couplings require operator basis  hard for spin-2]
eventually renormalization  [mass dimension]
‘anomalous couplings’ in addition

Elephant channel in the room

— inclusive searches = gluon fusion

— couplings discovered grgg; 9H~~ > 9HZZ» IHWW

— eventually H — Z~  [ATLAS-CONF-2013-009, CMS-HIG-13-006]
= to amuse yourself:

Who would build this LHC+ATLAS+CMS to
(1) discover a particle which couples to mass??
(2) probe unitarity/renormalizability of the weak Lagrangian??
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Additional production channels

WBF production
+ second-largest rate [smal QcD corrections]
+ tagging jets to trigger and get S/B ~ 1
— sensitive to pile-up
— tricky jet veto
= accessible H - WW, 71, upu, invisible

[mjl- very useful]
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Additional production channels

WBF production
+ second-largest rate [smal QcD corrections]
+ tagging jets to trigger and get S/B ~ 1 m; very useful]
— sensitive to pile-up
— tricky jet veto
= accessible H - WW, 71, upu, invisible

WH /ZH production

+ purely leptonic associate production frigger, small QCD corrections]
— low rate, tricky QCD backgrounds [ves)

— missing energy in WH, few leptonic Z decays

= accessible H — bb
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Additional production channels

WBF production
+ second-largest rate [smal QcD corrections]
+ tagging jets to trigger and get S/B ~ 1 m; very useful]
— sensitive to pile-up
— tricky jet veto
= accessible H - WW, 71, upu, invisible

WH /ZH production

+ purely leptonic associate production frigger, small QCD corrections]
— low rate, tricky QCD backgrounds [ves)

— missing energy in WH, few leptonic Z decays

= accessible H — bb

ttH production  [sbH only in 2HDM]
— low rate, complex final state
— decays vy > WW > bb at high luminosities  ftrying to change this]
= accessible gg — ftH
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Higgs couplings ::1> "z
Coupling for SM operators [Zeppenfeld et al; Diihrssen et al; SFitter 2009]

- hlgher orders Only in QCD [for weak corrections ask StefanD]

— couplings from production & decay rates [observables: 58] o Wz
— setup by Michael Dihrssen

= straightforward except for width and theory errors

99 — H H— 2ZZ
g — qqH S oo
gg — tiH — gx =gy (14 Ax) — —bb
99’ — VH Z—>TT
-7
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Higgs couplings
Coupling for SM operators [Zeppenfeld et al; Dihrssen et al; SFitter 2009]

- h|gher orders onIy in QCD  ffor weak corrections ask StefanD]
— couplings from production & decay rates [observables: S,8]
— setup by Michael Diihrssen

= straightforward except for width and theory errors

H—zZZ
99 — H
qq — qqH =y zabmgw
9g — ttH 9 =0 (144 e
Ny H— 171
qq H = vy

Including Moriond/Aspen data [SFitter: Klute, Lafaye, TP, Rauch, Zerwas]

uter| | =4.6-5.1(7 TeV)+12-21(8 TeV) fo™!, 68% CL: ATLAS + CMS
)

— six couplings from data T ot 0= oM (124,
gp from width data (+)
gt and gg not yet possible 05
[similar: Ellis etal, Djouadi etal, Pich etal, Strumia etal, Maggie etal] | a
— poor man’s analyses great: Ay, Ay, Ay ¥ "i —H 1
— moving towards Standard Model?
-0.5
%% %49 %1% L4
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Higgs couplings
Coupling for SM operators [Zeppenfeld et al; Dihrssen et al; SFitter 2009]

- h|gher orders onIy in QCD  ffor weak corrections ask StefanD]
— couplings from production & decay rates [observables: S,8]
— setup by Michael Diihrssen

= straightforward except for width and theory errors

H—zZZ
99 — H
qq — qqH =y zabmgw
9g — ttH 9 =0 (144 e
Ny H— 171
qq H = vy

Including Moriond/Aspen data [SFitter: Klute, Lafaye, TP, Rauch, Zerwas]

L=4.9-5.1(7 TeV)+12-20(8 TeV) fb™", 68% CL: CMS

68% CL: CMS

— six couplings from data ; 4: St 0= oM (124,
gp from width data (+)
gt and gg not yet possible 05
[similar: Ellis etal, Djouadi etal, Pich etal, Strumia etal, Maggie etal] [ .| a
— poor man’s analyses great: Ay, Ay, Ay 0 ﬁ i — 3
. T | u
— moving towards Standard Model? T
-0.5
497 449999 99,
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Higgs couplings

Coupling for SM operators [Zeppenfeld et al; Diihrssen et al; SFitter 2009]

- hlgher orders OnIy in QCD [for weak corrections ask StefanD]

— couplings from production & decay rates [observables: S,8]
— setup by Michael Diihrssen
= straightforward except for width and theory errors

H— ZZ
99 — H H
— Ww
— qqH -
ZZ#%‘L s g=gM (1+A)) — H—bb
99’ — VH H— "7
H— vy
InCIUding Moriond/Aspen data [sFitter: Kiute, Lafaye, TP, Rauch, Zerwas]
— six couplings from data -
. AhVV Ahtt Ahbb
gp from width mixed-in singlet 6% 6% 6%
i composite Higgs 8% tens of % tens of %
gt and gg not yet possible MSSM < 1% 3% depends...

[similar: Ellis etal, Djouadi etal, Pich etal, Strumia etal, Maggie etal]
— poor man’s analyses great: Ay, Ay, A¢
— moving towards Standard Model?

= expected in BSM models  [Gupta, Rzehak, Welis]
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Higgs couplings

Coupling for SM operators [Zeppenfeld et al; Diihrssen et al; SFitter 2009]

- hlgher orders Only in QCD [for weak corrections ask StefanD]

— couplings from production & decay rates [observables: S,8]
— setup by Michael Dihrssen
= straightforward except for width and theory errors

g9 — H

qq — qqH
99 — ttH
qq’ — VH

— g=gM (14 A4y —

Dinosaur extrapolation

- LHC eXtrapoIations unclear [here: SFitter version]
— theory extrapolations tricky nere: SFiter version]

H— ZZ
H— ww
H— bb
H— 7~
H— ~y
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- hlgher orders Only in QCD [for weak corrections ask StefanD]
— couplings from production & decay rates [observables: S,8]
— setup by Michael Dihrssen

Higgs couplings
Bottom Yukawa

Anomalous couplings

ey NS = straightforward except for width and theory errors
H—zZ
99 — H " o ww
q9 — 99 _ ASM b
99 — tiH — e=el (H4A) AR ¥
qq’ — VH H— vy

Dinosaur extrapolation Shucer|__68% CL: 3000 10", 14 TeV LHC and 500 1o, 500 GeV LG

=% 3000 fb, 14 TeV LHC SM
. 9=y (1+4y)

— LHC eXtrapoIations unclear [nere: SFiteer version] 02 - a?_?,_’aéf‘i%?gg e
. . 0.15 HL-LHC + LC500 (& # Ao
— theory extrapolations tricky [ere: SFitier version] ¢
— ILC case obvious o me] 005 o m 1
. . . . 0 »—4 e — - i
— interplay in loop-induced couplings oo = i LR LR E2 14t *1 i,
-0.1
-0.15

&
=3
14
a
oQ
od
%y
4
o4
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Channels

- hlgher orders Only in QCD [for weak corrections ask StefanD]
— couplings from production & decay rates [observables: S,8]
— setup by Michael Dihrssen

Higgs couplings
Bottom Yukawa

Anomalous couplings

ey NS = straightforward except for width and theory errors
H—zZ
99 — H " o ww
q9 — 99 _ ASM b
99 — tiH — e=el (H4A) AR ¥
qq’ — VH H— vy

Dinosaur extrapolation Shucer|__68% CL: 3000 10", 14 TeV LHC and 500 1o, 500 GeV LG

=% 3000 fb, 14 TeV LHC SM
. G =0¢ (1+4)

- LHC eXtrapoIations unclear [here: sFitter version] 02 - a?_?,_’aéf‘i%?gg e
. . 0.15 HL-LHC + LC500 (& # Ao
— theory extrapolations tricky [ere: SFitier version] ¢
— ILC case obvious {tome] 0051 o m Nl
. . . . 0 >4 [ — - i
— interplay in loop-induced couplings oo = i LR LR E2 14t *1 i,
— ftH important at LHC and ILC 0.1
-0.15

&
&
44
a
oQ
od
%y
4
©d



Bottom Yukawa

Challenges in additional channels

— WBEF production and jet veto tough

— VHlimited by S/B

— {tH problems all over (ochen Cammin's ATLAS thesis]
= lots of space for new ideas by young people
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Bottom Yukawa

Challenges in additional channels

— WBF production and jet veto tough

— VHlimited by S/B

— ttH problems all over  ochen Cammin's ATLAS thesis]
= lots of space for new ideas by young people

Example: qg — VH,H — bband S/B

— backgrounds
continuum Vbb: pr pp > my
top pairs: jet veto
- qg — Zg — Z(bb) effectively 2 — 2
g9 — Zbbreally 2 — 3
qg9 — Zgbbreally 2 — 4
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— WBF production and jet veto tough
— VHlimited by S/B
— ttH problems all over  ochen Cammin's ATLAS thesis]
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EramyEEaaes = lots of space for new ideas by young people

Example: qg — VH,H — bband S/B

— backgrounds E ATLAS Breiminary | wme
continuum Vbb: pr s > my § el =
top pairs: jet veto E

- qg — Zg — Z(bb) effectively 2 — 2
g9 — Zbbreally 2 — 3
qg9 — Zgbbreally 2 — 4

— ATLAS: 0/ogy > 1.9 (ATLAS-CONF-2012-161] e ..

8 80 100 120 140 160 180
m [GeV]

(&) pY¥ >200 GeV
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Bottom Yukawa

Challenges in additional channels

— WBF production and jet veto tough

— VHlimited by S/B

— ttH problems all over  ochen Cammin's ATLAS thesis]
= lots of space for new ideas by young people

Example: qg — VH,H — bband S/B

— backgrounds

continuum Vbb: pr pp > my
top pairs: jet veto

- qg — Zg — Z(bb) effectively 2 — 2
g9 — Zbbreally 2 — 3
qg9 — Zgbbreally 2 — 4

— ATLAS: o /ogy > 1.9 [ATLAS-CONF-2012-161]

Events/10 GeV

[ TATLAS Preliminary
E [cammon’, Gosmer
250 o.1.24pt0n

200

T
Wwzizz 3
B wH 125Gev ]
W zH 125Gev 3
--Data-Bkgd 3

L L
50 100 150

L
200 250
m [GeV]

5
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Bottom Yukawa

Challenges in additional channels

— WBF production and jet veto tough

— VHlimited by S/B

— ttH problems all over  ochen Cammin's ATLAS thesis]
= lots of space for new ideas by young people

Example: qg — VH,H — bband S/B

— backgrounds
continuum Vbb: pr pp > my
top pairs: jet veto
- qg — Zg — Z(bb) effectively 2 — 2
g9 — Zbbreally 2 — 3
qg9 — Zgbbreally 2 — 4

Entries/0.10

— ATLAS: o /ogy > 1.9 [ATLAS-CONF-2012-161]

DataMC

-—|Al|ll

Ty
CMS Preliminary 2
fa= oTev,L=1211' B
) =T
- W’“ﬁfﬂ
BB e
[===3"
VH (125 GeV)
s MC uncert. (stat.)

0

i =1125K, 20156

M«m@w

-1 08 06 04 02 0 02 04 06 08 1
BOT output
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Bottom Yukawa

Challenges in additional channels

— WBF production and jet veto tough

VH limited by S/B

— ttH problems all over  [ochen Gammin's ATLAS thesis]
= lots of space for new ideas by young people

Example: qq — VH,H — bband S/B

backgrounds

continuum Vbb: pr pp > my
top pairs: jet veto

qg — Zg — Z(bb) effectively 2 — 2

99 — Zbbreally 2 — 3
qg — Zgbbreally 2 — 4

ATLAS: o /ogm > 1.9  [ATLAS-CONF-2012-161]

CMS: o/ogy > 2.5 [cMs-HIG-12-044]

Variable

prj: transverse momentum of each Higgs daughter
m(jj): dijet invariant mass

pr(jj): dijet transverse momentum

p1(V): vector boson transverse momentum (or EX%)

CSVinay: value of CSV for the Higgs daughter with largest CSV value

CSVin: value of CSV for the Higgs daughter with second largest CSV value
A¢(V,H): azimuthal angle between V (or EF%*%) and dijet

A7) : difference in  between Higgs daughters

AR(jj): distance in 7~ between Higgs daughters

N,j: number of additional jets

A¢(ERs, jet): azimuthal angle between EX** and the closestjet (only for Z(vv)H)
By color pull angle [35]
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Channels — WBF production and jet veto tough

Higgs couplings

— VHlimited by S/B
— ttH problems all over  ochen Cammin's ATLAS thesis]
= lots of space for new ideas by young people

Bottom Yukawa
Anomalous couplings

Energy dependence

Example: qg — VH,H — bband S/B

— backgrounds

continuum Vbb: pr pp > my
top pairs: jet veto

- qg — Zg — Z(bb) effectively 2 — 2
g9 — Zbbreally 2 — 3
qg9 — Zgbbreally 2 — 4

— ATLAS: o /ogy > 1.9 [ATLAS-CONF-2012-161]
— CMS: o/ogy > 2.5 [cMs-HIG-12-044]
= need to target boosted MC studies and tools [sprs, piquadio]
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Anomalous couplings

Anomalous HIggS couplings [Hagiwara etal; Corbett, Eboli, Gonzales-Fraile, Gonzales-Garcia]
— assume Higgs is largely Standard Model
— additional higher-dimensional couplings
asV fy
8r A2

f f
T A—VZ(D &)t wH (D, o) + A—B(DHGJ)TB“”(D,,@) + M;\WWTr(WWW””W“)

v g
Lo = — (@7 9)G,. G" + :\VWNWWW‘

B (010) @0k s) + 1 (01 0) Ts0en3)

— plus e-w precision data and triple gauge couplings



Higgs Couplings

Tilman Plehn

Results

Channels

Higgs couplings
Bottom Yukawa
Anomalous couplings

Energy dependence

Anomalous couplings

Anomalous HIggS couplings [Hagiwara etal; Corbett, Eboli, Gonzales-Fraile, Gonzales-Garcia]

— assume Higgs is largely Standard Model
— additional higher-dimensional couplings

foow

v f
Qs —Q(N&D)GWG‘“’—O— e

8 A2
f f
T A—VZ(D &)t wH (D, o) + A—B(DHGJ)TB“”(DV@) +

Lot = — — T W, W

WWW

Tr( W WP WH)

B (010) @0k s) + 1 (01 0) Ts0en3)

— plus e-w precision data and triple gauge couplings
Fit W|th fg,f\,,,fE fm, ond fot=F,=0

o,
P4
<

O=_2NWHPUT OO

0 20 0 5 o0 50 0 50
f/RITV? f/N TV fy/N TV fo/A° [TeV7]
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Anomalous couplings

Anomalous nggs couplings [Hagiwara etal; Corbett, Eboli, Gonzales-Fraile, Gonzales-Garcia]

— assume Higgs is largely Standard Model
— additional higher-dimensional couplings

asV f L v
Lot == 5= 72 (©T®)G, G +%¢Tmywﬂ ®
fw v fg v fwww "
+E(DM¢)TW“ (DV¢)+E(DM¢)*B“ (D, @) + == T (W, W PWH)

f — f. _
+ 25 (9T0)(Qsdh) + 15 (0T ®)(Laven o)

— plus e-w precision data and triple gauge couplings
Fit with fg,fy,fs.fww an
T

O-=NUPOO O

0 20 0 5 0 50 0 50
£/NITVH /N [TV f/N [TeV /N [TeV?

= remember what your operators are!
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— Consistent models beyond spin-0  [e.g. Awall, TP, Rainwater]
Channels — WBF X+X+ vs WHW+ production

s e — problem with UV behavior for spin-1

Bottom Yukawa

Anomalous couplings F E
12F SM W+W-+ 0.005F SM WAW-+
Energy dependence 3 —— W+W'+ (quark partners) F —— W+W's (quark partners)
b WAWr oy WZ) | =-0004F g L[ WW' (only WZ)
£ 3 £
T 08¢ ;7:_ £
§ £ % 0.003F
3 06~ 3 £
3 2 0.002F
L - E.
” 0.001
E L L L L LT .
% 100 200 300 400 500 600 700 800 900 1000

PT(jet‘), GeV/c
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— Consistent models beyond spin-0  [e.g. Awall, TP, Rainwater]
Channels — WBF X+X+ vs WHW+ production

Higgs couplings . . .
— problem with UV behavior for spin-1

Bottom Yukawa

Anomalous couplings

Energy dependent spin-2 couplings

Energy dependence
— unitarization affecting energy variables  (aivoteanu, Kilian, Reuter]
— WBF cutoff pT,,- < 100 GeV [Englert, Mawatari, Netto, TP]

0. 0.

0.1~ 0.1

o
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Energy dependence

Consistent models beyond spin-0  [e.g. Aiwall, TP, Rainwater]

— WBF x*x* vs W W+ production
— problem with UV behavior for spin-1

Energy dependent spin-2 couplings

— unitarization affecting energy variables  (aivoteanu, Kilian, Reuter]

— WBF cutoff pT,,- < 100 GeV [Englert, Mawatari, Netto, TP]

— Gottfried-Jackson or similar angles [Bx,1ab Vs Py, x: Frank, Rauch, Zeppenfeld; Schumacher]

1.5

15
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Energy dependence

Consistent models beyond spin-0  [e.g. Aiwall, TP, Rainwater]

— WBF x*x* vs W W+ production
— problem with UV behavior for spin-1

Energy dependent spin-2 couplings
— unitarization affecting energy variables  (aivoteanu, Kilian, Reuter]
— WBF cutoff pT,,- < 100 GeV [Englert, Mawatari, Netto, TP]
— Gottfried-Jackson or similar angles [Bx,1ab Vs Py, x: Frank, Rauch, Zeppenfeld; Schumacher]
= solvable issues beyond spin-0
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Outlook

Higgs@LHC

discovery an amazing experimental success
weakly interacting field theory established

coupling measurements established
do not listen too much to theorists, for now straightforward

= Higgs moved on from discovery to precision studies

Part of this work was funded by the BMBF Theorie-Verbund which is ideal for hard and relevant LHC work ﬁ?

additional channels will make the difference [where are the great papers by youngsters??]

Bundesministerium
fiir Bildung
und Forschung
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Theory games

Light Higgs as a Goldstone boson  [Giudice, Grojean, Pomarol, Rattazzi]
— strongly interacting models predicting heavy broad resonance(s)
— light state if protected by Goldstone’s theorem  [Georgi & Kaplan]
— interesting if v < f < 4xf [iite Higgs v ~ g?f/(2m)]
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Results Light Higgs as a Goldstone boson  (Giudice, Grojean, Pomarol, Rattazzi]
Channels — strongly interacting models predicting heavy broad resonance(s)

o8 caupings light state if protected by Goldstone’s theorem  [Georgi & Kaplan]

Bottom Yukawa

interesting if v < f < 4xf  Jittie Higgs v ~ g21/(27)]
postulate new f 2 v and my, — 4rf [cj- ~ 1] [assume custodial symmetry]

Anomalous couplings

Energy dependence
Lown = C—”a“ (H'H) 0, (H'H) + % (HTB7H) (H1'D uH)

N _
- 22 (H'H)® +<%HTHfLHfR+h.c‘)

f2
n 'Zgg (H%"WH) (D" W) + Zf}% (HTWH) (9”B,,)
+ 1M (D ) o' (O YW, + AT (D k) (0 B,
10(;?2';9 H'HB,., B"" + 129925;2 ;;H'Hea G
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Theory games

Light Higgs as a Goldstone boson  [Giudice, Grojean, Pomarol, Rattazzi]

strongly interacting models predicting heavy broad resonance(s)
light state if protected by Goldstone’s theorem  [Georgi & Kaplan]
interesting if v < f < 4xf  Jittie Higgs v ~ g21/(27)]

postulate new f 2 v and my, — 4rf [cj- ~ 1] [assume custodial symmetry]
adding D6 weak operators with relative strength

Lsin ~ C—’;a“ (H'H) 0, (HTH) + Z2 (HIDPH) (KT H)

(H*H) i <°yy’ H' HF, Hfa + h.c. )

(3f)
icw + ik v i Y

+ TP (/—/ oD H) (DY W) + — (W)Z (H 5 H) (8" B)
W b iyt ol (D¥ 1 ens v

+(16f) (D*H) o' (D" HyW +(16f2)(D H)f (D" H)B,

+ HB,., B*" + — 2 H'HG:, G™*" .

(2567‘)2 HY (256f)
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Theory games

Light Higgs as a Goldstone boson  [Giudice, Grojean, Pomarol, Rattazzi]

strongly interacting models predicting heavy broad resonance(s)
light state if protected by Goldstone’s theorem  [Georgi & Kaplan]
interesting if v < f < 4xf  Jittie Higgs v ~ g21/(27)]

postulate new f 2 v and my, — 4rf [cj- ~ 1] [assume custodial symmetry]
adding D6 weak operators with relative strength

Lsin ~ C—ga“ (H'H) 0 (H'H) + 2 (HTD'H) (HTD .H)

(3f)
icw
(16f)?
iChw
(161‘)

(H*H) +<°yy’HfoLHfR+h )
(

R i <
T (HTU’D“H) (D" W,,) 16f B HTD“H) (8 B,..)

(D" H)' o' (D" YW, + 1 (0" H)' (D" )8,

+ (16f2)

HB,., B*" + — 2 H'HG:, G™*" .

+ (256f)

H
(2567‘)2

— leading terms in wave function renormalization and H"

= collider phenomenology of mostly (HT H) terms  anieitner etal
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Uncertainties

SFitter details

[Duhrssen, Klute, Lafaye, TP, Rauch, Zerwas]

production | decay S+B B S ASEP) | agltheo)
99 — H ZZ 13.4 6 (X 5) 6.8 3.9 0.8
qqH zz 1.0 2 (x 5) 0.8 1.0 0.1
99 — H ww 1019.5 sszs(x 1) 136.7 63.4 18.2
qqH ww 59.4 37.5(x 1) 21.9 10.2 1.7
ttH WW(3¢) 23.9 21.2(x 1) 27 6.8 0.4
ftH Www(2¢) 24.0 19.6(x 1) 4.4 6.7 0.6
inclusive Yy 12205.0 11820.0 (x 10) 385.0 164.9 445
qqH vy 38.7 26 7 (x 10) 12.0 6.5 0.9
ttH vy 2.1 4 (x 10) 1.7 1.5 0.2
WH vy 2.4 4 (x 10) 2.0 1.6 0.1
ZH vy 1.1 7 (x 10) 0.4 1.1 0.1
qqH T7(2¢0) 26.3 10 2(x 2) 16.1 5.8 1.2
qqH 7—3—(14) 29.6 11.6(x 2) 18.0 6.6 1.3
ttH bb 2445 219.0 (x 1) 255 31.2 3.6
WH/zZH bb 228.6 180.0 (x 1) 48.6 20.7 4.0
luminosity measurement 5%

detector efficiency 2% ‘ ABSYsH ‘ corr.
lepton reconstruction efficiency 2% H = 22 1% yes
photon reconstruction efficiency 2% H— ww 5% no
WBF tag-jets / jet-veto efficiency 5% H — ~y 0.1% yes
b-tagging efficiency 3 % H— 17 5% yes
T-tagging efficiency (hadronic decay) 3 % H — bb 10% no
lepton isolation efficiency (H — 4¢) 3%

plus: ftH with S — S/2 and ZH subjet analysis a la Piquadio



Higgs Couplings Fox-Wolfram moments

Tilman Plehn
— Series in spherical harmonics [Field, Kanev, Tayebnejad; Bernaciak, Buschmann, Butter, TP]
Channels — originally alternative to event shapes
Higgs couplings ¢ N 2 N
4m P pr.iP
T T, T,iPT,
Bottom Yukawa Hé :W Zz Z YEm(Q,' p d Z p; o J P, (COS QU) s
Anomalous couplings =- =1 : =1 of
Energy dependence — defined on separated jets for a start
ﬁ \\\‘Q."lll Sl 7
e B\ \\\\ \\\ \s"
:; \\\\\\\\\\\}\ “°
~‘~\\\““\\\\“\
P
H, < 0.3 0.3 < H, < 0.7 0.7< H, <1
even £ forbidden democratic ordered, collinear, back-to-back
odd ¢ back-to-back democratic collinear, ordered
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Higgs couplings
Bottom Yukawa
Anomalous couplings

Energy dependence

Fox-Wolfram moments

Series in spherical harmonics [Field, Kanev, Tayebnejad; Bernaciak, Buschmann, Butter, TP]

— originally alternative to event shapes

2
An ¢ N Pr,i N PT,iPT,j
Hf = > YOQ) | =>" S Py(cos @)
2 iyl
20+1 ==, 115 PT tot ij=1  FTot
— defined on separated jets for a start
— applied to tagging jets in WBF  m; > 600 Gev]
00F g aN T " " " TN T T T AN
N GHT ‘ 006N gH] 1 00-NaHy
0.015—
ood- 1 0.015;
0.01— - 00:
U‘mfﬂ’w T 1 ooos
0‘2 0‘4 0‘6 0‘3 - H;l 0‘2 0‘4 0‘6 O‘B HIL 0.‘2 04 06 08 Hg.’
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Channels

Higgs couplings
Bottom Yukawa
Anomalous couplings

Energy dependence

Fox-Wolfram moments

Series in spherical harmonics [Field, Kanev, Tayebnejad; Bernaciak, Buschmann, Butter, TP]

originally alternative to event shapes

T 4n pT«
Mo =303 Z ZY !

me——t PT,tm

2 N
= pr. ‘pT" Pe(cos Q) ,

ij=1 T tot

defined on separated jets for a start
applied to tagging jets in WBF  (m; > 600 Gev]
applied to all jets in WBF

0.01-]
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Higgs Couplings Fox-Wolfram moments

Tilman Plehn
Series in spherical harmonics [Field, Kanev, Tayebnejad; Bernaciak, Buschmann, Butter, TP]
Results
Channels — originally alternative to event shapes
Higgs couplings 2 N
4m pri pr, /PT
Bottom Yukawa HT — Z Z Y i i :Z PTiPT,J Py(cos ;) ,
14 Ui
Anomalous couplings 2£ + 1 m=—~¢ pT,tol =1 T tot
S D — defined on separated jets for a start

— applied to tagging jets in WBF  m; > 600 Gev]
— applied to all jets in WBF
— applied to all jets after WBF cuts




Higgs Couplings Fox-Wolfram moments

Tilman Plehn
Results Series in spherical harmonics [Field, Kanev, Tayebnejad; Bernaciak, Buschmann, Butter, TP]
Gl — originally alternative to event shapes
Higgs couplings 2 N
An Pr.i Pr,iPT,j
Bottom Yukawa HT Y i f = LI p cos Q;;
’ 2£+1Z Z el B Dt
Anomalous couplings =—£ | i=1 i,j=1 Ttot
Energy dependence _

defined on separated jets for a start
applied to tagging jets in WBF  (m; > 600 Gev]
applied to all jets in WBF

— applied to all jets after WBF cuts

useful information left

tuned resolution via variable £ [not too correlated]
— adjust weight factor?

adjust objects entering FWMs?



Higgs Couplings Fox-Wolfram moments

Tilman Plehn
Series in spherical harmonics [Field, Kanev, Tayebnejad; Bernaciak, Buschmann, Butter, TP]
Results
Channels — originally alternative to event shapes
Higgs couplings 2 N
Bottom Yukawa HT — 4 Z Z Y i Pri :Z P1.iPT,j P, (cos ;)
: ¢ T 2041 p T ot pa 2 0o
Anomalous couplings =—£ | i=1 ij=1 T, tot
Energy dependence _

defined on separated jets for a start

— applied to tagging jets in WBF  m; > 600 Gev]
— applied to all jets in WBF

— applied to all jets after WBF cuts

— useful information left
tuned resolution via variable £ [not too correlated]

— adjust weight factor?
adjust objects entering FWMs?

= might be useful eventually
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