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Higgs Boson Property Measurements

K. Cranmer

Higgs boson mass (Mn) & decay width (I'n)

Higgs couplings to gauge bosons (gv) and fermions (gr)
Higgs boson quantum numbers J°¢ and tensor structure
Higgs potential - Higgs self-coupling (1)

The Standard Model Lagrangmn ﬂ{lggs Sector
Loy =D HID,H + p2HTH — 2 (H H)” — (yi; Hsh; + h.c.)
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Couplings to Higgs Couplings to
EW gauge bosons self-couplings fermions
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mpg = V21 =V v (v = vacuum expectation value)

The ultimate goal of particle physics of today is to fix the Standard Model
(SM) Lagrangian and find the physics beyond the Standard Model (BSM). 2
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1. Higgs Boson Mass

Mp - the only parameter not fixed in the Standard Model < Fixes A =

Most precisely determined with H—vyy and 4 lepton channels.

OMu precision at 0.3% level (PDG2013: 8Mw 187ppm, Mz 23ppm, dMop 0.5%).

CERN-PH-EP-2013-103
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ATLAS: Mpuy=125.5 £ 0.2 (stat.) = 0.6 (syst.) GeV

CMS:

Mu = 125.7 £ 0.3 (stat.) = 0.3 (syst.) GeV
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2. The signal strength "~ ;&R

CERN-PH-EP-2013-103

ATLAS _"25“’“)) Total uncertainty
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, ATLAS-CONF-2013-079

Preliminary

_ +0.7
n= 0'7-0.6

H—1t (8TeV: 13 fb™)

ATLAS-CONF-2012-160

s=8TeV [Ldt=13-20.7 fb"
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Signal strength (u)

A.deRoeck, H.Gray : plenary talks

T. Lenz, P.Bruckman de Renstrom : parallel talks

@
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Combined

H— bb
u=1.15=0.62

H— 1t
w=1.10= 0.41

H—yy
u=0.77 = 0.27

H— WW
w=0.68=x0.20

H— ZZ
u=0.92+0.28

CMS PAS HIG-13-005
\s=7TeV,L=<51fb" {s=8TeV,L=<19.6fb™

CMS Preliminary m, = 125.7 GeV
Poy = 0.65

%/ —080+0.147

1.5 2 2.5

Best fit O/OSM

Consistent with the SM prediction for both
ATLAS and CMS with precision about 15%

level.

Theory uncertainty (QCD scale 8% @NNLO
and PDF+as £8%) 1s comparable to
experimental and statistical uncertainties on

the combined signal strength.
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Evidence for vector-boson-fusion process

x B/Bg,,
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LHC Higgs XS WG CERN Report 3 (arXiv:1307.1347)

3. Higgs coupling Strengtﬁ

(0 BR)(gg = H—1y) K- K]
osm(gg — H) -BRgm(H — vy)  k§

gluon photon

v

top quark
W boson
etc.

top, bottom
quarks

. Assumptions ’
{ 1.only 1 SM-like Higgs
{ 2. SM tensor structure

i (spin 0, CP-even)

} 3. narrow width approx.

| - BR (i — H — ff) = 7y Lo |

| - The coupling of SM particles to
| Higgs boson scales with particle. i
j mass: gr = \/5%, gv = &=~ '
i - Measure with coupling scale |
i factors K f

+ new particles

Higgs boson

gluon (Vs =8TeV,Mpy =125GeV)  photon
Iig(/ﬁjb, k) ~ 1.058k7 — 0.065k.kp 4+ 0.007k7 /{%(/{W, ki) ~ |1.26Ky — 0-27/115\2

Destructive interference in both gg—H (top-bottom) and H—vyy (W-top) loops.
0



a) Higgs couplings to gauge bosons and fermions

CERN-PH-EP-2013-103

Assume all fermion couplings scale as kr while all ;" 4?‘?32"7“@3“1(1&4.6_4_8 i HH I 3:, .2;1;’:}’% §
vector boson couplings scale as ky. 3 15 - 8TeV JLdi - 20.7 " +SM < BestFit
Assume no BSM contributions to I'n. oF E
1E .
Quad-fold ambiguity in sign of kr and «v. oF E
One relative sign is physical. E .
Take kv >0 as convention and look for + «. &3 E
kr <0 means sign of new physics. 2
Almost degenerate minima in the likelihood: one 06 07 08 08 1 11 12 13 14 15 16
for kr >0 and the other for kr <0. Ry
ATLAS H—yy prefers -xr but kr >0 for global fit. Pty 1527 L5110 (eme o e o8t
Electroweak precision data constrain kr >0. & [ o smHiggs @ Fermiophobic m Bkg. only
(.- with xr <0, xy is further away from 1) o 2 _ ________ FE _____________________________________
- ; £
,
Data are compatible with SM predictions at 10-20% accuracy.
ATLAS: xvc [105.122] at 65% C.L. e [076.1.15] at 657 C.L. 0[:} ....................................................................... p—
CMS:  kvE[0.74,1.06] at 95% C.L. krE [0.61,1.33] at 95% C.L. ;
ql
Fermiophobic model (kF=0) is ruled out at >50 (via ggF loop). L
th |
0 0.5 1 15



b) Custodial, weak-1sospin and quark-lepton symmetries

CERN-PH-EP-2013-103

ALAS
Vs =7 TeV [Ldt = 4.6-4.8 fb’!
Vs =8 TeV [Ldt=20.7 fb

-- SM expected

D‘WZ FZ’ Kzz]
Combined
™ Hoyy, ZZ*, WW*

~, 10
= -
& Custodial symmetry kw=kz ? H :_
Measure the coupling ratio Awz via Yo
1. Ratio of BR (BRww/BRzz) g:
2. Ratio of coupling with/without H—yy i
& Weak isospin symmetry x,=xq ? i3
& 2HDM (MSSM) predicts different couplings I
for up and down type fermions. 0f—
& Quark and lepton symmetry k=Kq ?
KW Kd Ky
AWZ:— )\du—_ )\Eq:_ -
Rz i Kq <
<
Q\

ATLAS: \wz €[0.61,1.04] at 68% C.L.
CMS:  Awz € [0.60+1.40] at 95% C.L.

Aau € [0.74+1.95] at 95% C.L.
Mg € [0.57£2.05] at 95% C.L.

No sign of violation in custodial, weak-isospin and lepton symmetries.

3.5F
3.0F
2.5F
2.0
1.5F
1.0F
0.5
0.0

1 1 1 1 1 | 1 1
1.4 1.6

AW Z

CMS PAS HIG-13-005

CMS Prehmmary {s=7TeV,L<51f0"' Vs=8TeV,L<19.6 fb

5.0p
4.5F
4.0

— Observed

--- Exp. for SM H 2
[ ’_




c¢) Loop induced Higgs couplings: Kgluon VS Ky

CERN-PH-EP-2013-103

I R L B UL I LU IS
gluon photon 2@ o ol ATLAS + SM =
f 25 Vs =7 TeV [Ldt = 4.6-4.8 fb” x Best fit E
= Vs =8TeV [Ldt=20.7 fb" —68% CL ]
t,b LW 1.8 Combined H—>yy, ZZ*, WW* "95% CL =
. 1.6 —
-3 ¥y + new particles? 3 E
Higgs 12 E
‘\ i :
0.8F =
gluon photon ook E
EI....I....I....I....I....I....I....I....I....IE
08 09 1 11 12 13 14 15 16 1.7
Y

-7 /'fg(/ibalit) - /{7(/{57/1757/4'37'7/{‘/‘/) v

CMS PAS HIG-13-005
> 2.0 CMS Preliminary {s=7TeV,L<5.1f0"' Vs=8TeV,L<19.6b"

g

Assume tree level couplings to SM particles as in the SM
(i.e. Kw=Kz=Kp=K:=Ky,...=1) and new particles do not
contribute to the Higgs boson width.

Data are compatible with SM predictions at 10-15% accuracy.

ATLAS: kg=1.04+0.14 at 68% C.L. 1,=1.20£0.15 at 68% C.L.
CMS: k€ [0.63,1.05] at 95% C.L. , € [0.59,1.30] at 95% C.L.

No sign of BSM signal in the gg—H and H—yy loops.




d) Constraints on BSM branching ratios

ATLAS-CONF-2013-34

~ 10717 AL IR BRI I

.. . - - ATLAS Preliminar K, KgB E

Invisible Higgs decay % :: 57TV det=4_6Y4_8 . —Eafaseﬁé“; E

Accessible via Ht1-jet (mono-jet), VBF and VH «  _E ts=sTevfldt=1a207f7 -~ SMexpected -

processes. s o

Limit with ZH(H—1inv) at 95% C.L. 5 S

ATLAS BRin < 0.65 (expected 0.84) 4F

CMS BRinw<0.75 (expected 0.91) > g E

i , '

Via coupling measurement, parameterize: Qe b 1

0O 01 02 03 04 05 O 0.7 08 0.9

I'm = I'sm+1Bsm BRiny

I'sem CMS PAS HIG-13-005
BRBSM — T CMS Preliminary {s=7TeV,L<5.1f0" {s=8TeV,L<19.6fo"
SM S 3.0
Assume: kw=Kp...=1 and 3 parameter fit (iy, K¢, BRBsSM) 25
2.0
1.5
ATLAS: BRgsm <0.60 at 95% C.L. (0.67 expected)
CMS:  BRgsm <0.52 at 95% C.L. (0.56 expected) 1.0
No sign of Higgs decay to BSM @ stringent limit on Dark Matter 0-5
0.0
0.0 0.5 1.0

BResw  1()
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LHC Higgs XS WG

e) Higgs decay width measurements 3 Pl
(T10°
1. Via direct measurements LS PAS HIG 13016 10 //
CMS H—yy mass spectrum 'y < 6.9GeV at 95% C.L. 1
2. Via Higgs coupling or invisible Higgs search 10° / Lt = AMevV ]
BR(inv)<50% limit corresponds to I'u < 2I'u™M (= 8MeV) o2k / ot = ey
assuming couplings to SM particles are as in the SM. 700] T
3. Via Higgs interferometry My [GeV]

Destructive interference between Higgs signal and gg— V'V continuum background.

H—vyy (S. Martin, L. Dixon) - mass shift (depends on Higgs pr) AMyy, = -70MeV for SM at NLO.
H-WW"/ZZ" (N Kauer, G. Passarlno) - mass spectrum in high-mass end above M4 > 2Miqp.

Kauer, Passarino 2012

300 |-
r " pp, /s = 8TeV
100 |77 Vs

200 -

H—yy

100 -

. Destructive Interf. (SM)

“““““““““““““ 3 10000 F4g - H — 27 — tiv,1,,

MH 125GeV

— }H\Q—Hcont\2
—— |H+cont|?
Hofshell
---- Hzwa

~100

. Constructive Interf.

dU/dMZZ [fb/GeV]

0.01 ﬁ
| T 125GeV Higgs discovery

gg2VV

—200 SM 1e-06 Yy theorist!
300 “.._ Breit-Wigner has long-tail.
I 1le-08 TSe— -
—400 | I *°—----__________ ]
0 5 10 15 20 100 200 300 400 500 600 1 1



Higgs coupling measurements summary

CERN-PH-EP-2013-103
ATLAS Total uncertainty
m, = 125.5 GeV + 1o + 20
Ky
Model:
Ky Kp
KE
Model: 2\
My Kyy Fv
Model:
)\'WZ’ >\'Yz1 }\dWZ
Mg K7z
Kg
Model:
Kgr Ky
Ky
i . ‘]0
-1

ls=7TeV [Ldt =4.6-4.8 fb”
s =8TeV [Ldt=20.7 fb”

Parameter value
Combined H— vy, ZZ*, WW*

— R. Godbole : plenary talk
R. Patel, A.Falkowski: parallel talks

CMS PAS HIG-13-005

[s=7TeV,L<5.1fb" \s=8TeV,L=<19.6fb"

CMS Preliminary Wl 68% CL
: == 95% CL
KV -.-'
K 1
o e Pom. 5 937
..................................................... Lo IV
I*
T — — o =039
I*
A1 — —— =049
Kg .—*—:
K 1
L b Pom.5 923,
BR = 0.41
B MT_— P :
S | | | | | | | | | | | | | | | | | | | |S'\I/I | | |

0 0.5 1

1.5 2 25
parameter value

@ Different couplings of Higgs-gauge boson and Higgs-Yukawa couplings, coupling
ratios (VV, FV, du, Iq), loop induced couplings, BSM BR have been tested.
@ All are consistent with the Standard Model !
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Couplings versus Mass - Higgs-gauge boson and Yukawa -

Electroweak symmetry breaking needs to explain:

Non-zero mass of W/Z gage bosons and fermions.
Unitarity conservation below 1 TeV.

Non-linear relation would indicate the Higgs sector 1s not single doublet.

CMS PAS HIG-13-005
CMS Preliminary {s=7TeV,L<5.1f0" Vs=8TeV, L < 19 6 fb

= f ] my
= [ [a=68% CL . T QFZ\@T
= t
O 1L |—95%CL e
5 f w 'Z §
N N 'f i
! ' ] ,
m
10 et = -——- qgv :2_V
- . v
[ b ]
. . |
- B oo . LHC wants to add
s - V=0 1 & Higgs self-couplig A |
i ] ] ] L 1 111 | ] ] L 1111 | ) : Rare decay HH“M '
1 10 20 100 200 | etc.

mb(mb) = 4.16 GeV, mb(MH) = 2.76 GeV
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LHC Higgs XS WG CERN Report 3 (arXiv:1307.1347)

4. Higgs Boson Quantum Numbers

@ What are the quantum numbers of observed state X ?
Q@ JPC: J=spin, P=parity, C=charge conjugation

Spin0: Standard Model Higgs boson

The Standard Model Higgs boson 1s scalar particle (0™).
CP-mixing/violation in spin-0 can exist but small in many BSM models.

Spinl: Landau-Yang theorem
Landau-Yang theorem forbids the direct decay of an on-shell spin-1 particle
into a pair of massless particles.

Observation of H—vyy rules out the possibility that the new resonance has
spin 1, and fixes C=1 (barring C violating effects in the Higgs sector).

This theorem strictly applies to an on-shell resonance (i.e. small width
hypothesis).
Spin2: graviton
Theoretically difficult. Velo-Zwanziger problem with U(1) gauge field.

Who will be responsible for electroweak symmetry breaking?
Why haven’t we observed analogous KK excitations of SM gauge bosons?

But experimentalists are not biased with theory. Let’s try with H—yy, ZZ" and WW~, 14



Events /0.1

a) Spin/CP study in H—yy

| = sinh(AnY7)] 2p%12p%2
\/1‘|‘(p%fy/mv’v)2 My

CMS PAS HIG-13-016

Decay angle cosf™ 1n di-photon (Collins-Soper) rest frame:

cus praiminary before event selection CMS Prefiminary after event selection CMS Preliminary ($=8TeV, L=19.6 "
:: 0.06_ Trr ‘+ """"" T ] T T Ill ] T T T ] T I.] T ] T T T I ] T I UL ] T ] :é 0.05: T 1T I L ' UL I T T Tll I L L ] T lll T ] T T 17T ] T r-Trr '+' """ : 3.009:_ SImUIatlon Data
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0_| 1 1 | 1 11 i 1 1 | 11 |:| | L1 1] | 1 |:| 1 | 1111 | 1 : 1 I 11 1 | 11 1_ 0: 1 | 1 1 i 1 Ll |:| | 11 | 1 |:| 1 | 1 ] 1 : FAAA «LA‘ 1: o:l 111 I Y - -l I L1 11 I Y - I Y - -l I Y - I - I 1111 i Il P"'F-I-b- IIIII
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 08 0.9 1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 Jstar
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CERN-PH-EP-2013-102
- 25077
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No event yield information (cross section) is used but shape only in these analyses. 15§



Events

b) Spin/CP study in H—-ZZ"—4 leptons

& Full final state reconstruction with 7 variables
1. 1nvariant masses: Mmzi, Mz2
2. production angles: @1, 6* } R
3. decay angles: D, 0, 0o

CMS preliminary \s=7TeV,L=5.1fo"'Vs=8TeV, L=19.6 ft’
. . . ] "UE) 24“"\‘“‘\“"\‘“‘\"“\““\““\““\““\‘“:
Matrix element based discriminant Djp P I E
L —9.m= e - - -
Pant 2 Dz 7 analogy to n’—eee’e
D.p = I z+X E
J Pept + P r 1o Dpkg>0.5 -

- —1

Pip (mzl,mz2,ﬂ\m4l>

— |1+ q
Psm (mzl,ng,mmzu)

Diyg CMS PAS HIG-13-002
CMS preliminary \s=7TeV,L=5.1f6"\s=8TeV, L=19.6 fo’ CMS preliminary \s=7TeV,L=5.1f5"\s=8TeV,L=19.6 5" CMS preliminary \s=7TeV,L=5.1f6"\s=8TeV, L=19.6 f5' CMS preliminary \s=7TeV,L=5.1f6"\s=8TeV, L=19.6 fo’
7#\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\A: Q 7:L\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\A: .‘9 7:L\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\.ﬂ: -'(L) \\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
B B cC - - C - - C 10+ —
- @ data . [0) - ® data . ) - @ data . o) ® data
6 —— 0', m =126 GeV O _I__' IJ>.I 6 — 0", m =126 GeV O _l__' Lﬁ 6 —— 0', m =126 GeV O _I__' Lﬁ [ —— 0%, m =126 GeV O | i
Ee J°=0’, m =126 GeV . o J°=t", m =126 GeV . R J°=1, m, =126 GeV . L e 07227, (gg), m =126 GeV .
50 Czzzy - sr C0zzzy - 50 CDzzzy - 8- zzar 7
I N 254 ’ - [ z+X ’ I z+X ] L [ z+x i
af- = af- B : al- : 6 .
3 f— O S S L I 3 : f 3 f— 1 ______ ) ° o o L
2F Toele | - 2 0 : 2F SR ey pe A [
0 :‘ Ly gH —— ! et | H‘ ‘: 0 :‘ Loy Lo :"': = | H‘ ‘”-7-‘- § O: ' - I _': | | \ ; ‘_ 0 _‘ T L,.,I — | ! ! —m - ) ‘_
0 0102030405060.7080.9 0 0102030405060.7080.9 +1 0 0102030405060.70809 1 0 0102030405060.70809 1
D, D(1") D(1)
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¢) Spin/CP study in H->WW™—lvlv

Kinematical variables sensitive to J': Ady;, My, mt ...
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Test statistic:
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Higgs spin/CP: combined results

: : ATLAS CMS
P
J production particle Cls Cls
) 2.2% 0.16%
0 gg—X pseudoscalar (H>ZZ") (H—ZZ*)
. exotic 0.030% <0.1%
1 A9—=X | hseudovector | (H—ZZ* WW*) (H—ZZ*)
1- Y exotic 0.27% <0.1%
a9 vector (H—ZZ* WW*) (H—ZZ*)
graviton o 0.6% (g9)
2+ | ggigqg—x | minimal 0.042% (99) | (H_zz* Www*)
(H—yy,ZZ* WW?*)
couplings YL 60.9% (H—vyy)

)

P
alt

CL, (J

CERN-PH-EP-2013-102

ATLAS
H— yy e Data
Vs=8TeV [Ldt=20.7 fb"
v CL, expected
H— 22" =4l assuming JF=0"
Vs=7TeV [Ldt=4.6 b W=
=10

Vs=8TeV [Ldt=20.7 fb"

H — WW* — evuv/uvev
Vs=8TeV [Ldt=20.7 fb"

@ Exclude pure JP=0-, 1%, 2* (minimal coupling) at more than 97.8% C.L..
(but note that LHC has not tested all models!)

Other production modes in study: VBF (phi difference in tagged jets),
WH/ZH (invariant mass distributions are discriminant for JP=0%, 2*).

S
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Probing the tensor structure in spin 0~

Ayy = %E?Le;y (alg,uz/m%[ + a2quqy + a3€,LL1/OtBQ?QQﬁ) = A, + Ay + As

L CMS study in H—>ZZ"—4l final state N «g=nev,L=5(i“ﬁ iASS ?IVGLw:gOeci
& Inthe SM at LO, a;=1 and a»=a3=0 = R R R E
& Test CP-odd amplitude As g 10— ----------------------------- R -
©  In many BSM model, CP-odd A3~O(10"'%), ex. MSSM |
& When a; dominates f3 is CP-violating fraction !
MH — ZZ" —4) = A1+ As
faz = sl - il N
A Al S R -
fas = 0.007523
faz < 0.58 at 95% C.L. (exp. 0.76)
& Anomalous coupling approach (current LHC analysis method)

&  Amplitude compatible with Lorentz and gauge invariance. Momentum dependent form-factors.
Consistent only at LO.

v Effective Lagrangian approach (future plan)
&  General effective Lagrangian compatible with Lorentz and gauge invariance. Consistent beyond LO.

@ Coupling of a pseudoscalar (0°) particle A to VV is loop induced that can be
suppressed. Thus study in X—1{f (Yukawa sector) will become important.
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5. High Luminosity LHC (HL-LHC

ECFA HL-LHC with L=300 fb-! (3 ab!) physics study.
Higgs mass precision AMu ~100 (50) MeV.
Access to top-Yukawa coupling via ttH, and rare decay H—p.
Coupling precision of 10 to 5% reachable (even few% 1n ky/kz).

Detector performances (trigger, lepton-id, fake, 1/b-1d) are crucial.

Theory uncertainty dominates - challenge for theorists!

ATLAS-PHYS-PUB-2013-007

ATLAS Simulation

/s = 14 TeV: [Ldt=300 fb™'; [Ldt=3000 fb”
[Ldt=300 fo™" extrapolated from 7+8 TeV
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[ ratios of LHC parton luminosities:
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oof 99
F - 2qq
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10F

MSTW2008NLO
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M, (GeV)
c(14TeV)/o(8TeV)
gg—H 2.6 (Mx=MR)
qg—qqH | 2.6 (probes high Mx)
qg—VH | 2.1 (Mx=Mv+Mn)
gg—ttH | 4.7 (phase space+Mx)

Scenario 1
current systematic uncert.
Scenario 2

theory uncert. v 1/2
other systematics “ 1/VL
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Higgs potential - Higgs self-coupling

& One of the core physics programmes at HL-LHC, but very challenging in both
experiment and theory.
& s it feasible to measure Higgs self-coupling at 20-30% level at HL-LHC ?
J. Grigao et al., 2013 J. Baglio et al., 2013
: 1000 | 0(ppM_H> :H 11;1522%) il gg —» HH

100

g hoT 10

A
o"°(pp — HH) (fb)

Destructive interference between - 1
box (a) and triangle (b) diagrams. OO “““ 200 200 —— 600 ‘ T - - o
Vs (GeV) Ve [Tev]

cut

Now being discussed at ECFA HL-LHC study + LHC Higgs XS WG.

1. which channels to explore as benchmark, ex. HH—bbyy, bbtr etc.,
2.  new 1deas on analysis methods, ex. interference effect in kinematical variables,
boosted Higgs regime, HH+jets, etc.,

3. strategy for common (NLO) MC tool developments in various channels in
gg—HH/ttHH, qq—qqHH/WHH/ZHH, MSSM h/H/A/H* pair production.
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Summary

Higgs Property Measurements at LHC

Higgs boson mass (Mn) & decay width (I'n)

— Mpnu measured at 3 per mille precision. No sign of BSM 1n I'n, BRiny.

Higgs couplings to gauge bosons (gv) and fermions (gr)

“— Consistent with the SM prediction, gvxmy? , grxmy. Next, study in do/dX.
Higgs boson quantum numbers JP¢ and tensor structure

— Evidence for scalar nature of 0. No evidence for CP-mixture.

Higgs potential - Higgs self-coupling A

— Remains as an important territory to conquer in HL-LHC.

Beyond the Standard Model Higgs (MSSM, 2HDM, etc.)

— No evidence, but keep looking for BSM Higgs(es) and exotic Higgs decays.

We have observed the fist elementary particle of scalar - Higgs boson.
@ Brout-Englert-Higgs mechanism: what an incredible purely theoretical idea !!!
@ Experimentalists will make every endeavor for BSM physics discovery !!

LHC - hadron collider now enters in precision measurement era !
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Can the Higgs \
boson be the window |
\ to the universe? /

R. Tanaka, “Comprehensible Higgs”,
Science, Vol.79, No.5, p.488,
Iwanami publishing Co., Japan, May 2009
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSections

LHC H1ggs Cross Section Working Group
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T - \'s=8TeV 7% = [ 1=
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LHC Higgs XS WG CERN Report Trilogy

Handbook of LHC Higgs Cross Sections:
1. Inclusive Observables (CERN 2011-002, 151 pp)
2. Daifferential Distributions (CERN 2012-002, 275 pp)
3. Higgs Properties (CERN 2013-004, 392 pp)
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LHC Higgs XS WG CERN Report 3 (arXiv:1307.1347)

Higgs coupling Strengtﬁ

2
| (0 -BR) (g9 — H — ~vv) _lig-li7
o 2
osm(gg — H) - BRsm(H — v7) K
gluon photon
top, bottom top quark Assumptions
- The coupling of SM particles to quarks W boson 1. only 1 SM-like Higgs

2. SM tensor structure
(spin 0, CP-even)
3. narrow width approx.

o-BR (ii »~ H— ff) = Zile

Higgs boson scales with particle etc.

2
mass: gr = V22L, gy =225F
- Measure with coupling scale
factors «;

+ new particles

Higgs boson

'y
2FSM
] JJ
(V5 = 8 TeV, My = 125 GeV) 2 i
Ji=WW* ZZ* bb, 71T,
vy, Zv, gg, tt, ¢, s5, p~
0 4 gluon2 " . photon y
0 . Kj 'O-ggH_I_/ib'O- + Ktkb - Opopr 0 _ szlizli] .
/ﬁ'jg(liby K/t) — fi,y(/ﬁ'/b, Rt, K+, f{,w) FZJ
ggH T UggH + JggH Zi,j Yy
2
~ 1058/{/15 + 0007/43[) — 0.065/4315/43() ~ |126/‘€W — 027lit’

Destructive interference in both gg—H (top-bottom) and H—vyy (top-W) loops. 27



Note on Coupling versus Mass relation

& Recent discussions on quark mass (M. Spira)

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SMInputParameter

1. One can define quark mass for Yukawa coupling,

_ _ ole
9o(Mu), go(Mg), 95

2. Though above are theoretically equivalent, running mass
evaluated at Higgs mass scale is better to avoid the offset
due to non-universal corrections in quarks and leptons,

M 7 g
[(H — QQ) = (M) g {14+ 5 % + 0l }

mb(mb) = 4.16 GeV, mb(MH) — 2.76 GeV
3. Use pole mass for top quark (172.5GeV).

4. Use PDG values for leptons and W/Z boson masses.
The universal QED corrections for leptons are small.

m m
S R L
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