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Overview

The SM Yukawa sector:

)‘ij‘ilz'quq)H

EWSB

V2my
A¢¢L¢RH + hc. w— Ay = Ky . nzSpM =1

At the LHC, we measure:

Opzmsi X B(H = yy) e—p ¥ra£iosof  Os
4

¥ 1| O+ model assumptions)
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The charmandbottom YukawaOs

ATLAS, PRL 114 121801 (2015

¥ Charm quark CMS, arxiv:1507.03031 (2015)
>'24_I'”I'”l'”l'”l'”l'”l'”l' ML =
| identibcation of H cc decays experimentally 2 8 2 ATLAS :
challenging < 20 58 TeV [Lat=192 1" =
| H! J# ! as a viable probe for c-H coupling 5 . L o :
L [] Background .
$ %% 14 [ JH[B=107] =
12 ’ [z [B=107 3
10 -
8 :

, [fPh e f
| t ’J I]_lr I

——1—T" ;lr_‘llii-'
40 0 1 20 160 200

m,,. [GeV]

uuy

¥ Bottom quark

| accessible throughHbb decaysl{ tagging
| & important to constrainBRswm

ki1 (i, mu) =
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Higgs tobottom quarks

(Z,WHH! bb

| 0,1,2-leptons + jets

CMS, PRD 89 012003 (2014)
ATLAS, JHEP 01 (2015) 069

8 | Weighted by Higgs S/B

B 7.
Coovo v by vy by v v v by

10 ATLAS ;eat(ib? :;12-1 0 ]
- ({s=8TeV [Ldt=2031b" Diboson
I~ 0+1+2lep., 2+3 jets, 2 tags 771 Uncertainty

L1 1 1

|
50 100 150 200

Weighted events after subtraction / 20.0 GeV

CMS

2.1 |2.1"

m,, [GeV]

p-valug Exp.| Obs.

ATLAS|2.6 |1.4"

Events /2.5 GeV

Data - Bkg

VBF bb

| 0 leptons + jets

CMS, 1506.01010,
submitted to PRD

19.8 fo (8TeV)

450F cMS Category 4
* Data
e — Fitted signal
(m =125 GeV)
350 - Bk'g. + signal
300 ---- Bkg.
---QCD
250 [] 20 bkg. unc.
200 [ ]1o bkg. unc.
150
1 00 Lo [ 11 P
50 f + +
4:: 8
O iy £
1 ik
-50 )
1 L 1 l 1 L 1 I 1 1 L I Il 1 L I L 1 1 I 1 L 1
80 100 120 140 160 180 200

m, (GeV)

0/5°%

CMS [|<2.5]<b.5

(2.2")

ttH! bb

| 1-2 leptons + jets

CMS, JHEP 09 (2014) 087
CMS, EPJC 75 (2015) 212
ATLAS, EPJC 75 (2015) 34

19.5 b (8 TeV)

40 5 CMS P,,<0.5 | P,,»>0.5 SL Cat-1 (H)
- -¢-Data [Tl ttH (125)
351 FZ]1Bkg. unc. W T+ If
. —ttH (125) x 10 B it + cC
30 Btt+b
7Y B tt + bb
25 I Single top

tt+W,Z

et

Friday, September 4, 15



Results from Run 201 gr

YATLAS ATLAS, arXiv:1507.04548submitted to EPJC
| VH + ttH | -
R L I B

¥CMS
| VH + ttH + VBF

q t q q
“H

+ oy
q t

CMS, arXiv:1506.0101CGubmitted to PRD
H — bb  Bestfit (68% CL) Upper limits (95% CL)  Signal significance

Channel Observed Observed Expected Observed Expected
VH 0.89 £0.43 1.68 0.85 2.08 2.52
ttH 07+18 4.1 35 0.37 0.58
VBF 2.871¢ 5.5 25 0.83
Combined 1.0315% 1.77 0.78 2.70
7 2.6" signibcance
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21n Afx,)

Results from Run Xs

o | VH, VBF: ttH:
Combination of all Higgs channels 2 .2 2,2

Ry Ry KKy
|  assumeéBRisy= 0 >
| use effectivek, & couplings

wu (kv ) K (K, 67)

ATLAS, arXiv:1507.04548

submitted to EPJC CMS, EPJC 75 (2015) 212

30_ IAI1I-LAS P T II LA L L L L B Y LB B B 19.7 fb1 (8 TeV) + 5.1 fb'1 (7 TeV)
- re |m|nary [y K 2K KKy K Ky K g K ] — 5
[ \s=7TeV,454.7fb" WZSM bexpecteéj o i CMS W 68% CL
25_— \s=8TeV,20.3fb" — Observed ] ==95% CL
20~ —
15k =
10 —
N N +0.15 :
5 = Ky = 07513 -
- ] 0.98°017 :
O L1 L1 K'Y 0.16 +
Y4 4 SETErE INETETEE ST EPETETETE AR
0 0.5 1 1.5 2 2.5
Ko Parameter value
8
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Bottom+Higgsbb) 55
Hunting tad( enhanced h/H/A production with b quarks

I I 1
- ) . . . g .
- most stringent direct constraints orva, tar() \RROOOA
| A b
I ) ! bb | <
- enhanced sensitivity to SUSY parameters | ¢ ;
_ . — an? 9 -
o(bbd) X BR(6 — bb) = 2 o(bbd)snprm s, X g \RQQQOA ;
(bbo) (¢ ) (bbo)s ‘:,_: 1= A 19 b
CMS, 19.7 fo'* (8 TeV) CMS, 19.7 fb™" (8 TeV) + 4.9 b (7 TeV)
> « 60
c
8 e Data < m°%+ scenario
I B bb(350 GeV) u = +200 GeV
o [ (B2+B1+C2,b)b 50 [ m,.= 125+3 GeV
= ] (Cib)b
L. @b
= [ bb(B2+B1+C2) 40
[ bb(C1+Q)
Pre-fit bin-by-bin unc.
30
20 95% CL limit -
D Ol K Y e Expected )
X 1 . zloexpected | -
% 1 10 +20 expected |
8 0 . ~—— Observed
800 900 1000

100 150 200 250 300 350 400 450 500
M, [GeV] m, [GeV]

| 0 00 200 300 400 SOO?
Fit to dijet mass
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Thetop quarkYukawa

The largest (X1)] coupling in the Yukawa sector

| no direct decay into top quarks

| tightest constraints fronGGRandBR(H !! )
| complement with direct measurement

H —VV, qq H—!!

Expectation w.r.t SM

10

10%E

llllllllllllllllll

.......... o-(tfH)/o'SM( ttH)
c--- O(tH)/og, (tH)

= {5=8TeV, m, = 125.4 GeV

-
— -
-~

1 l 1 1 1 l 1 1 1 l 1 1 L l 1 1 1

2 0 2 4 5 8 10
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Top+HIggsttH

JHEP 09 (2014) 087

CMS Vs=7TeV,5.0-5.1 fb": Vs=8TeV, 19.3-19.7 b

{tH, H— bb, 7r,yy, WW, 2Z / - PR - — tot.
r — Observed g 3.5} 5 stat.
m,, = 125.6 GeV S 3; 2011-2012 :
28°* 1 o -- Expected s JLdt =45t s=7TeV 7 Dilepton |- —
i~ 2.5F [ldt=2031b" Vs=8TeV ]
2f E 1 D
H l ## bb WW : My = 125.4 GeV 1 eliminary v5=8TeV, 203"
1.5F 1
: ¢ N R— 28 % {13
_____________________________________ 0.5F 1 .
- . e p——A 28 3§ 77
950 05 1 15 2 25 3 35 4 o ae
Ll"H e | -0.9 3y i)
4¢f f——e | 1898 (39
1627, 9.6 97 (33
combinedt H ! WWI=¢=—| 2144
3 4 5 “’ A0 8 6 4 2 0 2 4 G 8 10 12
tH best fit u(ttH) = a/oq, for my =125 GeV
: obs. (exp.) limit
Experiment

PLB 740 (2015) 222

EPJC 75 (2015) 349

|||||||

ATLAS (s=8TeV,203fb" |
ttH (H—bb) (tot) (stat)

o 28%20 (14) _

95% CL

H! bb

12+13 (08) -

15+11 (07) 7

P (T S S S N S SR S SR S |

4 6 8 10
Best fit p=o/c_ for m =125 GeV
SM

+» arXiv:1506.0598¢
~accepted by PLB

best-bt value
1)

L hadrons CMS < 4.1 (3.5) 0.7+19 ¢
ATLAS < 3.4 (2.2) 1.5+,

CMS < 7.4 (4.7) 2.7+26 ¢

H = photons ATLAS < 6.7 (4.9) 1.4+21,,
s leptons CMS < 6.6 (2.4) 3.7+16;,
ATLAS < 4.7 (2.4) 2.1+14,,

11
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Top+HIggsttH

lllllllllllllllllllllllllllll

25 m D3 - Largest excess in $*$* channel

[ I tW

of Bwg + : CMS, JHEP 09 (2014) 087

Events

- [ Others
L [J Non Pr
15 == #tHx 5

CMS 1.2 |3.6"

ATLAS|15 |2.5"

Data/Pred.
(=] —_ N wo

0.8 06 _(;4 6:6 67 07 06 08
BDT output
Experiment obs. (exp.) limit best-IDIt value
95% CL (1)
CMS <4.1 (3.5
H — hadrons LAS S §2-2§
CMS <7.4(4.7)
H — photons TLAS 679,
CMS < 6.6 (2.4)
H — leptons TLAS - SRS
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Top+HIggstH

Search for tHg/WtH production —— " ?
| (accidentally) small in SMy o ~18 fb) __H w H
| sensitive tosign(gww! V1) , wo , o
ATLAS: inclusive t(t)+H search CMS: optimise for tHQ
§4.2§_" e T - 095% (#, = -1)] Obs. | Exp.
§ b | eotteor2 E -
350 ][Ldt=4.5fb“, (s=7TeV E H! ! <41 4.1
3E- Ldt = 20.3 fb”, Vs =8 TeV _i HI bb < 7 6 5 1
2.5/ m,, = 125.4 GeV E : : :
12 H WW <06./ 5.0
1
"E CMS, PAS-HIG-14-001

CMS, PAS-HIG-14-015
CMS, PAS-HIG-14-026
ATLAS, PLB 740 (2015) 222 Combination to be appear soon

13
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Results from Run X:

inati - tH | ff i i K
Combination of all Higgs channels T kLR, KD K (K, K2)
|  assumeBRsw= 0 K252 k2K
| - . H! Wi 5 Y 7
| use effectivek, & couplings : k4 (6%, k%) k(K k)

tH g Falen i)y

n%{(rc%,, n%)
ATLAS, arXiv:1507.04548

submitted to EPJC
30 L L L e e e

CMS, EPJC 75 (2015) 212

19.7 b (8 TeV) + 5.1 fb" (7 TeV)

é-{_‘ : A TLAS (KoK 25K K KKKy K K7, _ CMS W 68% CL
< [ \s=7TeV,4547f" = aaaa SM expected _ == 95% CL
< 25— \s=8TeV,203 b —— Observed — +0.14
N - - Ky =0.96 . et —
20— / +0.28 :
- § = 0.64 5 [ —llim———
- Degeneracy .
- . ] 0 82+0 18
15/ lifted by tH : k-082015|  —me—
10 —
5__ N _ -
=3 —2 —1 0 1 2 3 0 0.5 1 1.5 2 2.5
K, Parameter value
14
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FCNC from the Yukawa sector

¥FC currents from tgH interaction highly suppressed in SM
| BR({ CcH)< 1015
| appear naturally in BSM

¥Search for FC decays of top quarks

| probt from large’ (pp! tt)
- constraints on FC coupling:

B = (Mg + \up) /(6% - Visl? - X2)

CMS, PRD 90 112013 (2013)
CMS, PAS-TOP-13-017
CMS, PAS-TOP-14-019
ATLAS, JHEP 06 (2014) 008

¥Single-top production

| Run 1 analysis mostly focusingtétu

Aguilar-Saavedra, Acta Phys.Polon. w. ¢
B35:2695-2710 (2004) 15
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FCNC In top quark decays

¥H! N
_ ATLAS, JHEP 06 (2014) 008
| cut-based selection (0/1 leptons) CMS. pAs_TOp_l(é]__Olg)

| Pttom: spectrum BR(t! cH)95% CU Exp. Obs.

® Data 2011+2012

” . . — Sig.+SM Higgs+continuum bkg. fit;
I CMS 0.71% | 0.47%
- e SM Higgs+continuum bkg. 1 . .

--- Continuum bkg.

Events/4 GeV
> o
|
h Y
~
b Y
0

—
N
TTT

IL dt=2031f" Vs =8 TeVv

J.Ldt= 471" Vs=7TeV

llllllllllllllllllllllll

——

ATLAS 0.51% | 0.79%

Q0 10 120 130 140 150 60

m, (GeV) CMS, PRD 90 112013 (20
CMS, PAS-TOP-13-017

¥H! multilepton
| cut & count

-1
_C4Mlepstons: OSSF1, off-Z, no taus, no b-jets 1951 (8 Tevz ! ! ! ] ! ! ! ! 1 " 1 7% 1 . 28%

~4- Data
— [JH—hh300GeV —
= [7] Bkg. uncertainties
[ Misidentified

= ITRTITIE T 0.65% | 0.56%

. 2z _
= 3w 3 | 5 == B BN B BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN B =

iz = |

| I SM Higgs boson  _|]

BR(t! cH) 95% C EXp. Obs.

Events/Bin
)

10" — |

0-30  30-50 50-100 >100
EM (GeV) 16
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FCNC In top quark decays

SM QS 2HDM  FC 2HDM  MSSM R SUSY
t—-uZ 8x107Y 1.1x10* — — 2x107% 3x107°
t—uy 3.7x107% 75x10° — — 2x107% 1x10°6
t—ug 37x1074 15x107 — — 8x10°% 2x104

t—uH 2x1077 41x10°° 107° ~ 1079

t—cZ 1x107% 11x10*
t—cy 46x10°14 7.5x 107
t—cg 46x1072 15x1077 ~10-%
t—cH 3x10% 41x10%1. 33

2x10°6 3x10°°
2x107% 1x10°6
8x10°% 2x104

107° ~ 107°

Aguilar-Saavedra, Acta Phys.Polon.
B35:2695-2710 (2004) 17
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Summary

¥Probing the Yukawa sector by measurifigm Marco PieriOs talk

I (XX! H)I BRHI yy) LHC Run 1 SM p-value
L  11%

| compatibility with SM ~ryel

| Ravour structure Kw| —*

¥Heavy Ravour in Higgtecay

| H! cc:rare decays"

- BRsw~10% from Runl:~16"
null test of SM

| H! bb

- ATLAS+CMS2.6" (3.7 ) BR, —

¥Heavy Ravour in Higgeoduction

| expected Runl top+Higgs sensitivity: ~1/&xperiment

ATLAS and CMS Preliminary

1 Illllllll |

0 0204 0608 1 12 14 16 18 2
Parameter value

- slight excess over SM expectation to be reassessed with 13 TeV data

| FCNC in top decays

- BRsw~10% from Runl: ~16" null test of the SM

- close to sensitivity for some BSM models
18
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Back up

19
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Overview

The SM Yukawa sector:

A U0 B g

N\

[3avour diagonal
scalar interactions

mz,b"ZL"pR + h.c. t A¢QZL¢RH + h.c.

mass madtrix

++3e

20
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FCNC from theYukawasector

¥FC currents from tHq interaction highly suppressed in SM

15
| BR(t! cH)<10 G

t>uZ 8x10°V

¥H-mediated FCNC in several BSM extension:—uwy 37x10-
| already at tree-level toug 8.7x107°

- extended Higgs sectors, extra quark singlets —

| >> 1 enhancements from extra loops t—cZ 1x10-M

- e.g.:BR ~18in MSSM t—scy 46x107M1

. . — 4.6 x 10712
| in general, effect of higher-order operators (EFT) 3 :10:154

Aguilar-Saavedra, Acta Phys.Pol
Vi wLi WRj O+ el \IfLi\Iij ¢3 4 B35:2695-2710 (2004)

VY h FCNC couplings if Yi #cel  G. Isidori,
HL-LHC workshop

L
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Combination

CMS, arXiv:1412.8662

5 CMS 19.7 o' (8 TeV) + 5.1 fo' (7 TeV)
_ | * Observed|
VH! bb * [l¢ SMHiggs|
2 .2 X |
o VR g5k
<2 I
H I
| gg! H! 1
: 2 ,.2
'l ~ :f"‘f i
ttH | bbosF |\
2,.2 i §
o TR : ; — gqgH! Il
Ky ol i . i . Kk
0 0.5 1 1.5

Ky 0 0.75K% + 0.25K%

22
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VH production, H—bb

Highest sensitivity channel Exp.| Obs.

| tagging leptonic and invisible VV decays cvms |21 |21
| visible as a bump on the di-jet mass spectrum

- In-situ calibration usingVZ\Zbb (>7 observation)

ATLAS|2.6 | 1.4

CI\/IS PRD 89 012003 (2014) ATLAS JHEP Ol (2015) 069
% S R L 1 > ' I I
2 gol CMS e Dt _ 31 o_— ATLAS | ;3:‘&’,3?&? -1.0) -_
- . Vs= 7TeV,L =5.0fb" - VH i {s =8 TeV ILdt =20.3fb" (@ Diboson
o | {s= 8TeV,L=18.9 fb" o 0+1+2 lep., 2+3 jets, 2 tags Uncertainty
3 i VH: H - bb L lw 1 8 8-— Weighted by Higgs S/B 7
T 60 PP~ - —— Sub. MC uncert.  _| —_ .
'% - %2 VH + VV MC uncert. | 5
= | ‘ B
o i ©
+ 40— . =
o 3
%) 7
20} + . £
i (4y]
- e . 2
R = S
Ore=—, >
- ' | i ﬁ g
. . . 1 I 1 . l llllllll I- 1 | 1 1 1 1 I 1 1 1 | 1 | 1 1 I 1 1 1 1
0 30 1 00 1 50 200 250 g 50 100 150 200 250
m() [GeV] 4 ©
o m, [GeV]
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Analysis overview
¥Phase-space slicing by pnd/or Net

| enhance sensitivity to higher-order corrections (Higgsapd jet radiation)

¥Main backgroundsv+h.f.

 ttbar

- diboson

¥MVA approach for maximal S/B

|  modeling of differential distributions & correlations

ATLAS, JHEP 01 (2015) 069

S 10T T T T e zois | S
= @ VH(bb) (1=1.0) oS
,g — tI%Iboson ;
L G [ Multijet c
- Bl W+hf w
1 03 ] W+el
B Z+ht
) Z+cl
2+l
102 Uncertainty
«««« Pre-fit background
w— VH(bb)x10
10
10"
1 2 l 2 L 1 l 2
© 2 E
8 2 R Tl T%
C + B
1E —0—.-_.,.——-0-—0——0- _;_ _*_ S
g o5 AR
-1 08 06 04 02 0 02 04 06 08

BDTVH

CMS, PRD 89 01 (2014) 012003

| | | LI | | |
10° CMS ® Data I:]Z udscg
F 8TeVL 189fb B vH B i
105 T = % W +bb E Single top
W+b VV(udscg)
'"'e"“e"" ‘V’ B Weudscg [ vz(oh)
10* i CJz+bb —— VH(bb) 125 GeV ttbar
[ Jz+b 2552 MC uncert. (stat.)
10°
102 |
10 WZ
1
10~ i
O 2
% 1.5
H 1 ........
Qo5 i
1 08 06 -04 02 0 02 04 06 08 1
24 BDT output
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ATLAS, JHEP O

VH(bb): main SM backgrounds

1 (2015) 069

N

ATLAS
(s =8TeV [Ldt=20.3fo"

lep., 2 jets, 2 Tight tags

1
160<p_ <200 GeV

W(I" JH

| |

' LI l LI l L]
—e— Data 2012
@ VH(bb) (1=1.0)

>
)]
G
3 Diboson To)
ot o
[ Single top Do
] Multijet $2)
B W+ht g
B Z+hf Lﬁ

Uncertainty
«+»+» Pre-fit background
wee VH(DbD)x10

10

> B
8 [
o 60
a C
2 50
(O] -
>
i "
40—
30
20

lllllllllllllllllllllllllllIllll

—

Data/Pred
o
NN

20 40 60780 100 120 140 160

Top-pairs

four-fold increase in top |

pairs at 14 TeV

IR LI I 3

T ©

80 200 220 -
0., [GeV]

V+jets

100

80

60

40

20

-y
oM.
:l'l il

lllllllll
[ ATLAS

— (s=8TeV [Ldt =203 0"
_ 2lep., 2 jets, 2 Medium+Tight tags

| incl. p}>120 GeV

- Z(INH

@ VH(bb) (1=1.0)
Diboson
[

B Z+hf

= Z+cl

241
Uncertainty

««++ Pre-fit background

s VH(bb)x10

Illlllllllllll
-e- Data 2012

llllllllllllllllllllll-

mixed Ravour

composition

25

1 lllllllllllllll!llllllllllllllll[llllllE
40 60 80 100 120 140 160 180 200 220

My, [GeV]

Rates estimated
from sidebands
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The Run lanalysis
¥Categorise events byrp and Net

| enhance signal acceptance sensitivity to higher-order corrections

¥Main backgrounds: V+h.tthar, diboson

| increase separation by BDT ATLAS, JHEP 01 (2015) 06
Variable O0-Lepton 1-Lepton 2-Lepton
res X X X
X X X
. . X X X
jet-jet ‘ X X X
correlations X X X
X X X
/. X
jet-v x
X
X
X X X
X X X
Only in 3-jet events
;ft“ X X X
* CMS also uses N jet - Moty . X X
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Theory uncertaintiesvVH

LHCXSWG,
_ Sew(%] arXiv:1307.1347
NLO MCs reweighted to best accuracy: ¢ 7z
qgvH [NNLO | fully differential
QCD —
ggZH |NLO INniPnite-top mass
EWK NLO factorised |
- 50 100 150 200 250 300
pr,v[GeV]
ATLAS, JHEP 01 (2015) 069
Signal —
Cross section (scale) 1% (qq)f T
Cross section (PDF) 2.4% \A ( ) &— ggZH ~10% VH @14 TeV

Branching ratio

Acceptance (scale)

3-jet acceptance (scale)
vV

pt shape (scale)

Acceptance (PDF)
e.g. PYTHIA vs HERWIG
S 13%

py shape (NLO EW correction) T
Acceptance (parton shower 87—
PDFs ' stat V442 ~ 2% at 3000 fi3

e Can it be constrained by WZ/Z
Can be related to other

Drell-Yan measurements? 27
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Background shape uncertainties
CMS:

| take envelope between BDT outputs from independent MCs

N\

The uncertainty in the background event yields estimated from data is approximately 10%. For
V+jets, the difference between the shape of the BDT output distribution for events generated
with the MADGRAPH and the HERWIG ++ Monte Carlo generators is considered as a shape sys-
tematic uncertainty. For tt the differences in the shape of the BDT output distribution between
the one obtained from the nominal MADGRAPH samples and those obtained from the POWHEG
and MC@NLO [60] generators are considered as shape systematic uncertainties. O

ATLAS:

| assess uncertainty on modeling of BDT input variables
~  Mpp, PrY, Niet
N
etails of the assessment of systematic uncertainties are provided below in the context
MVA. When systematic uncertainties are derived from a comparison between gener-
ators, all relevant variables are considered independently. The variable showing the largest
discrepancy in some generator with respect to the nominal generator is assigned an uncer-
tainty covering this discrepancy, which is symmetrised. If, once propagated to the BDTy gy
discriminant, this uncertainty is sufficient to cover all variations observed with the different
generators, it is considered to be sufficient. If not, an uncertainty is considered in addition
on the next most discrepant variable and the procedure is iterated until yl variations of
the BDTy y discriminant are covered by the assigned uncertainties. O

28
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Run 1 systematics

-0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2

W+bb, W+cE m, shape
(p¥ > 120 GeV)

W+bl to W+bb normalisation
(p¥ > 120 GeV)

W+bb normalisation

W+HF pY shape (3-jet)
Signal acceptance (parton shower)

Z+bl to Z+bb normalisation (2-jet)

IIIIIIIIIIIIIIIIIIIII]]IIIIIIIIII[|IIIIII

IS Ss jé‘
1
0

//////////////
/////////

..............

,,,,,,,,,,,,,,,,,,
////////

4
A
/ /

IS S
S S S S s

ATLAS, JHEP 01 (2015) 069

Event yield uncertainty Individual contribution

Effect of removal

Source Type range (%) to y uncertainty (%) on u uncertainty (%)
b-tagging shape 3-15 10.2 2.1
Signal cross section (scale and PDF) norm. 4 3.9 0.3
Signal cross section (pt boost, EW/QCD) norm. 2/5 3.9 0.3
Monte Carlo statistics shape 1-5 13.3 3.6

norm. 10 159 5.2

ingle-top-quark (simulation estimate) norm. 15 5.0 0.5

Dibosons (simulation estimate norm. 15 5.0 0.5
shape 10 74 1.1
CMS, PRD 89 012003 (2014) 2
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VBEH—bDb

First SM Higgs search at LHC in fully-hadronic Pnal states

| dedicated data parking strategy to maximise trigger efbciency

| huge hadronic background

- continuum muti-jet + Irreducible EWK backgrounds
- In-situ calibration using!Zbb (3.6 evidence)

VBF cuts +

Pt to m bp Spectrum
19.8 b’ (8TeV)

% 450F cMS Category 4
O] 400 * Data
:8 + — Fitted signal
H (m =125 GeV)
= 350y, 4 — Bkg. + signal
T 300 + T ~ ---- Bkg.
°>’ G -- QCD
w 250 e Y + [] 20 bkg. unc.
200 , [ ]1o bkg. unc.
150 +
b ;
100 PR ST N NN SR NN WO T SO T SO N SN ST SN NN SR MR S L 11
g’ 50
= .
I 0]- ==
©
()] -50
1 1 1 l 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 l 1 1 1
80 100 120 140 160 180 200
m,, (GeV)

95% CL limit| signibcance
(exp.) (exp.)

%mrF [<5.5 (2.5) | 2.2 (0.8)

CMS, arXiv:1506.01010,
30 submitted to PRD
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ttH( bb): analysis overview

Event categorisation (i, N CMS, JHEP 09 (2014) 087
N 0 (8 Niag CMS, EPJC 75 (2015) 212

¥Signal extraction from Pt to NN output ATLAS, EPJC 75 (2015) 34

| jet-jet correlations
| event shapes
| jet b tagging

¥Matrix element method for ttH/ttbb separation
| performing in signal-enriched regions

19.5fb” (8 TeV)

. 120F aATLAS )
oS . -o— Data - P,.<0.5|P,>0.5
p - s=8TeV,2031b" ju— tlHl,(125) S 40~ CMS M w>0 SL Cat-1 (H)
g 100 Single lepton g g:é%m & ttH (125)
> [ =6j,=4b B tt+bb 71Bkg. unc. Wit + I
w aol Post-fit gmvﬁ —ttH (125) x 10 B ti+ cC

— non- y

N ez Total unc. f = tl -~ b_

[ ttH (125)norm.| ¥ -té+ bb

LY I Single top

tt+ W, 2

- R

B 125
Qo 1'// %
o 0.75
g 0.5 e ___
1080604020020406081 0020406081020406081
NN output 31 P
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ttH : theoretical developments

Signal
modeling

Background
modeling

Accuracy

NLO

Some references

PRL 87 (2001) 201805
NPB 653 (2003)
PRD 68 (2003) 034022

bkg interference

arXiv:1412.5290

EWK corrections

arXiv:1504.03446

NLO + PS

tt+bb @NLO

aMC@NLO+PYTHIA
Sherpa+OpenLoops
POWHEG+HELAC

PRL 103 (2009) 01200:

tt+bb @NLO + PS
(4FS, 5FS)

PLB 734 (2014) 210
JHEP 07 (2014) 135
JHEP 1503 (2015) 083

tt+jj @NLO

PRD 84 (2011) 114017

tt+jj @NLO + PS

32

arXiv:1402.6293
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Tackling H»bb Pnal states

J=t—bqq L=t—sbltv

JJ
guarks 8
b-quarks 4
leptons 0
#jets vs #b-tags
g [ Aras | + Data [tH (125)
¥High jet multiplicities ::“ %t’f %#"
| up to four b-jets - O
¥Require* 1 lepton 1)
| trigger efbciency and negligible R e
multi-jet background R T
¥All-hadronic channel notyet &= . . . . . . . .
explored 2 S RTRE I arCt
| ideal case for boosted techniqueé ,Z:TLASA,\ a&.\;‘l%é‘b’%gats

tt+bb
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Principle

Assign each reconstructed event with its probability den\sity

P{7 € [§o, 4o + dg) | S, 0} = ps (7l0)d7 [ ps(@16)di=1
observed quantities

\ normalisation
(e.g. Jet, lepton momenta) model parameters
(e.g. JES, particle masses)

| if the underlying scattering processis | ps(7]6) = 1 dos

theoretically known: os(0) dy

dos(i7|0) = / 4 (Z)da, day Z({zix;m,;agis|Ms(a:~',e)|zw(g',:z*;0) di

(%,6)

| convolution ofd theoretical prediction
' detector resolution

34
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ttH: experimental break-down

Large hadronic

Hopeless (?

g ) ~—g CC backgrounds
g9

L7

+ lrreducible background

+ High object multiplicity

(overlap, acceptance,
- combinatorics)
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Results from Run 2o gy

Combination of CMS xx H! bb channels

| 10% larger expected sensitivity from VBF and ttH channels

q t
- H

+
q t

CMS, arXiv:1506.01010submitted to PRD
H —bb  Bestfit (68% CL) Upper limits (95% CL)  Signal significance

Channel Observed Observed Expected Observed Expected
VH 0.89 £0.43 1.68 0.85 2.08 2.52
ttH 0.7+1.8 4.1 3.5 0.37 0.58
VBF 2.871% 5.5 2.5 . 0.83

Combined 1.0310% 1.77 0.78 2.70

2.6" signibcance

36

Friday, September 4, 15



Top+HIggstH

Searching for tHg/WtH production ? @ a a

suppressed in SM (Lo ~18 fb) H w H
opportunity to access b , b o

- coupling phase (CP violation) ATLAS, PLB 740 (2015) 222

- FCNC CMS, PAS-HIG-14-001
CMS, PAS-HIG-14-026

H! 1l HI bb H! WW

CMS Pra!.vnmry 19. 6 fo’ l8 TeV)
% :v T l ™—rerer l ™ T T l ™ TYyrJrorw ' T T T T . -1 g - I "m‘a
8 5F-—4- Data ATLAS | - 20 b (8 TeV) o - 3lepton channel WlHg (Ct=-1) ]
- Vs=8TeV [Ldt =203 fo" 2] ' " ' " v -*- Data i ]
-~ — Ba d fit - tw, iz, tiH
£ 4F claroun {tH, H = 77, m, = 125. 4GeV ..qc-; Muon channel CMS |MEthg y=1 v 20 BW wwo T
@ =14 B . B tt+b 9 ’ o
3 : " 8 TeV leptonic category . LI>J 3T region Preliminary 5@:,_,5 i CINon-Prompt |
1 + | E 300 |- m, =125 GeV ml=hi i
F | . " ] [ S?ngle it 15
2 - 1
C B piboson
1F Y —— B WJets
stat.+sys. 10
:. PR I T S S S T T N U RN ST N NS S ST S N S S T o sox mq
0={0 120 T3 140 150 160 ¥
> L 1 I ol
8 E—+— Data ATLAS - 5
g (] S Background fit 'S =8 TeV Ldt=203f0" 1
Jg - ftH,H = y7,m, 1254GeV
[ N T =
AT 8:_ w=14 8 TeV hadronic category : . oF
+11 +)ets : pm- E oy
¥ -3 ‘ S 5t
g nE ] ' ©  f
2F S = . MVA output o 1 E
G'......................._."T..: 37 00 0102 0.3 04 05 06 0.7 08 09 1
110 120 130 140 150 160
m,, [GeV] tHqg Likelihood
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FCNC from the Yukawa sector

¥FC currents from tgH interaction highly suppressed in SM

| BR(! cH)< 1071
| appear naturally in BSM

¥Search for FC decays of top quarks euon Eu,¢) H

| probt from large (pp! tt)
- constraints on FC coupling:

B= (24 + X))/ (6% Vas? - X2)

CMS, PRD 90 112013 (2013) /R —
CMS, PAS-TOP-13-017 ——=Vp 1y b, W,
CMS, PAS-TOP-14-019 V2

ATLAS, JHEP 06 (2014) 008

38
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H!

channel

FCNCin top quark decays

| cut-based selection
- Il +jets + btag + 0/1 leptons
- top reconstruction to suppress I
+' I o = . [[JSHERPA yyj, norm. to data
JetS Contlnuum % 80§—r= 8TeV,I b DSignaLB:sfyo
;E- 70E_Hadronic Selectio
TR
sof- @
| Pbttom: spectrum: 40F
30F-
> L L N L B 202_
[ [ ] Da a 2011+2012 -
(:.D) 165 ‘I:‘Ia:’c-il;ggSelection _ﬁ:‘;+s:;: ;gg:;‘;ommuum bkg. m 10; llllll ; »
2 4L S Higgsrcontinuum bkg, - 0050100 140 400 250 300 350 400 450 500
§ 12—_ -- Continuum bkg. s mT!l [GeV]
L 105_ J-Ldt=20.3fb",\ls=8TeV_E
- J-Ldt= 471", Vs=7TeV -
8 —- —- =
o 1 E
i | [ +— ¥ ResonantH ! ## from MC
1 + i— ¥ Continuum background from bt
oo~ "Tio 720 130 140 150 960
m,, [GeV]
ATLAS, JHEP 06 (2014) 008 39
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FCNC In top quark decays

ATLAS, JHEP 06 (2014) 008

| = 1 T T T T N Ea—
o f ATLAS :
i . J-L dt=20.3fb", Vs = 8 TeV]
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FCNC In top quark decays

H! multilepton channel
| cut-and-count

- 3/4 leptons + btag + fmiss
- prompt & fake lepton background
| recently added same-sign dilepton channel «

B(t! cH) 95% CL

EXp.

1l 1.17% 1.28% _
e 41 0.51% | 0.79% w
e Y
) 0.89% | 0.93% °* ‘
10"
CMS, PRD 90 112013 (2013)
CMS, PAS-TOP-13-017 41

CMS

-
o
TTT

| 4-leptons: OSSF1, off-Z, no taus, no b-jets

19.5fb" (8 TeV)

~4- Data
[ JH-hh 300 GeV —
[7] Bkg. uncertainties 3
[ Misidentified
0

[ wz

B zz

0 dw

iz .
I SM Higgs boson |

0-30 30-50 50-100 >100
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