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Top-quark Yukawa coupling

e Top quark is special: its Yukawa coupling is of natural scale, y; ~ 1
o An indication of a special role in EWSB?
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Top-quark Yukawa coupling

e Top quark is special: its Yukawa coupling is of natural scale, y; ~ 1
o An indication of a special role in EWSB?

. . . . g t
e Can be probed in H production via gluon fusion oy
or H — ~7 decays thanks to top-quark loops g Vi

o BSM particles can contribute to the loops

e Direct access to |y;| is provided in ttH production L
o But a challenging process: oy &~ 130fb at 8 TeV, H- _)/t
UtEH/UtE ~107?
t
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Search for ttH, H — bb

JLdt=9.5fb""
[ 26 jets  Data
o >3btags Emjets
r tt+bb
[CDother
“fiHx 10

e Search!'l by CDF:
o NN analysis in tf — £ + jets channel

o Obs. (exp.) upper limit: ;
o/o < 20.5(12.6) T

Events/0.1 Units
®
T
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NN output

[1] Phys. Rev. Lett. 109 (2012) 181802
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Search for ttH, H — bb

e Search!'l by CDF:
o NN analysis in tf — £ + jets channel
o Obs. (exp.) upper limit:
o/otM < 20.5(12.6) ’
o ATLAS search’l with MEM and NN
o tt — £+ jets or 44 + jets
o NNs trained in signal-enriched bins
In addition, classification ttH vs tthb with MEM
o MEM decisions are fed into the NNs
o Simultaneous fit of multiple jet-tag bins

nrer-=»

e NN responses in signal-enriched bins
° Hfret or H.?” in signal-depleted bins

[1] Phys. Rev. Lett. 109 (2012) 181802
[2] arXiv:1503.05066, submitted to Eur. Phys. J. C
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Search for ttH, H — bb

e Search!'! by CDF:
o NN analysis in tt — £ + jets channel

o Obs. (exp.) upper limit: ’

o/otM < 20.5(12.6)
e ATLAS search?l with MEM and NN

o tt — £+ jets or 44 + jets
T © NNs trained in signal-enriched bins

L
A
S

>

o MEM decisions are fed into the NNs
o Simultaneous fit of multiple jet-tag bins
e NN responses in signal-enriched bins
° Hf'ret or H.?” in signal-depleted bins
o Results:
e Signal strength p = O’/O’fg\l/l_{ =15+11
Obs. (exp.) limit: p < 3.4(2.2)

[1] Phys. Rev. Lett. 109 (2012) 181802
[2] arXiv:1503.05066, submitted to Eur. Phys. J. C
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Data Pred

o In addition, classification ttH vs tthb with MEM

Dilepton

Lepton+jets

Combination

ATLAS + Daa [H(125)
5=8Tev, 20.31b" O @V O tlight
Single lepton O nonff O T
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Search for ttH, H — bb

l?i(ffzs's) %30 CMS tiHbb [5=8TeV,L=19.3fb*

Lepton + 26 jets + >4 b-tags

4|

e Two searches by CMS in H — bb i
o Both utilise tt — £(¢) + jets decays o iz
o Historically first analysis'’l exploits BDT oo "

ata

V

(Nis | ® Additional BDT in some £ + jets categories
to discriminate ttH vs ttbhb

e |t is fed as an input to the final BDT

e Results: p=0.7+1.9

Data/MC

08 -06 -04 02 0 02 04 06
BDT output

CMS ttH bb (s=8TeV,L =193 fb"
Dilepton + 3 b-tags

E mFitslo  Fit+20

[1] JHEPOO (2014) 087
[2] arXiv:1502.02485, submitted to Eur. Phys. J. C
-08 06 -04 02 0 02 04 06 08
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Search for ttH, H — bb

e Two searches by CMS in H — bb
o Both utilise tt — £(¢) + jets decays
o Historically first analysis'’l exploits BDT

(Nis | ® Additional BDT in some £ + jets categories
to discriminate ttH vs ttbhb

e |t is fed as an input to the final BDT

e Results: p=0.7+1.9

o Second search” utilises MEM

EW)
77 BK9. Unc.

(H(1256)x 30 cMs ttHbb [5=8TeV,L=19.3fb*

g
§
+b @ 7

Data

Lepton + 26 jets + >4 b-tags

e Advanced b-tag selection using likelihood classifier 08 06 04 02 0 02, 08 et
e Discrimination ttH vs ttbb with MEM . e 2SMETeY
e 2D fit to the two clilﬁscrlmmators H +oun f‘:i."ﬂl'é'éi
e Results: nw= ]_.2':1‘5 Ezlﬁugugc)xw =::+ce
: L
NG
B Single top
Tewz

[1] JHEPO9 (2014) 087
[2] arXiv:1502.02485, submitted to Eur. Phys. J. C
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Search for ttH, H — v

e Profit from high purity of the H — ~~ channel

e Similar approaches by CMS!'! and ATLAS"!

o All decays of tt system considered
o Amount of signal and non-resonant bkg
estimated from a fit to m.,
o Results (748 TeV):
CMS: p = 2.735, ATLAS: = 1.373§

12r— T T ]
 —4 Data ATLAS 9
= - - 1 -
10F__ Background fit @ =8TeV [Ldt=20.3fb 1
ftH,H — yy, m,;=125.4 GeV 7
gl n=14 ) A
L 8 TeV hadronic category 1
o 7
4 E
2 e
> — I T
oLt | | L | |
110 120 130 140 150 160
m,, [GeV]

[1] JHEPOO (2014) 087
[2] Phys. Lett. B740 (2015) 222
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Search for ttH in multilepton channel

e Targets H - WW*, ZZ*, and 77 decays
e ATLAS search!':

# o Signatures: CE0E 30, 1F0E T, AL, ZT:T[
L o Counting experiment

2 o Combined result: ;= 2.114

[1] CONF-2015-006
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Search for ttH in multilepton channel

e Targets H - WW*, ZZ*, and 77 decays
e ATLAS search!':

# o Signatures: CE0E 30, 1F0E T, AL, ET;T[
L o Counting experiment

2 o Combined result: ;= 2.114

o CMS analysis'”/: \CM‘S
o (E¢*, 3¢, 40, b7 7, channels

o Signal extracted with a fit to # jets in 4¢ and
to BDT response elsewhere
o Results in individual channels:

2t 453721

Comb. with bb and ~~: +2.4
e 3¢ +3'1’§'3

0o 40 —47135

LThTh —13tg§

[1] CONF-2015-006
[2] JHEP09 (2014) 087
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Sign of y;: tH

e Can access sign of y; (defined w.r.t. HWW coupling)
o Via interference in H — 7 loop

o Bl =24xBM q
o At tree level in tHq production
e y; = —1 leads to x13 increase in o
4%
b
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Sign of y;: tH

e Can access sign of y; (defined w.r.t. HWW coupling)
o Via interference in H — 7 loop

ye=—1 __ SM
° l’:~’,_,_)W =24 x BH*}’}/'}/

q
o At tree level in tHq production
e y; = —1 leads to x13 increase in o

o CMS searched!'! for tHq with y, = —1 b W,

Yt=

o Upper limits (xrrqufl):
?:a ' H decay ~vy bb WW/mm

1971 Observed 4.1 7.6 6.7
O Expected 41 5.2 5.0

[1] CMS PAS HIG-14-001, HIG-14-015, HIG-14-026
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Sign of y;: tH

e Can access sign of y; (defined w.r.t. HWW coupling)
o Via interference in H — 7 loop

ye=—1 __ SM
° l’:~’,_,_)W =24 x l’j’HHW

q

o At tree level in tHq production
e y; = —1 leads to x13 increase in o

o CMS searched!'! for tHq with y, = —1 W,

o Upper limits (xnf‘Hgfl): b

?ﬁ ' Hdeay vy bb WW/mre o - A
o7 Observed 4.1 7.6 6.7 T s \ ATLAS / E T
(8TeV) d je 2011-2012 E L
Expected 4.1 5.2 5.0 ast ][Lmﬂ_sfbw;:”ev 3 A

ot Ldt=20.31b", Vs=8TeV E

o ATLAS included tH in tTH(yv) searchl”) 75 | ™o

o Derived constraints on k; = y;/y™ 155 E

o Driven in part by B(H — ~v7) 05, \ AV E

EN
=)

[1] CMS PAS HIG-14-001, HIG-14-015, HIG-14-026
[2] Phys. Lett. B740 (2015) 222

8 /24



http://inspirehep.net/record/1286494
http://inspirehep.net/record/1320669
http://inspirehep.net/record/1347303
http://inspirehep.net/record/1315819

-
ATLAS and CMS combinations

e Signal strengths from global ATLASI") and CMSI”! fits

19.7 o (8 TeV) + 5.1 6" (7 TeV)

(H“H= 1.81+0.80

ATLAS Preliminary CMS
Vs=7TeV,4.5-471b" Vs=8TeV,2031°"
68% CL: ——
95% CL: _
_ +0.19 .
T pggH =0.85 74 -
igr = 1.2353 i—— :
m =1.16°0% _:-__
r-0.34 v
Uygr=123%032 ——— VBF :
—o. +0. = +0.38 H
Hyr=0.80 £0.36 ———— My = 0.92]5g | —eliem—
L

=25 seeE (pmzz.go_*;jgi
| 1

-0.5 0 0.5 1 15 2 25 3 N T N
0 1 2 3 4 5 6

Parameter value

Parameter value

[1] CONF-2015-007
[2] arXiv:1412.8662, submitted to Eur. Phys. J. C
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Flavour-changing neutral currents
with top quarks
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Flavour-changing neutral currents

e Top quark is special: it is the heaviest known particle
o Can be sensitive to BSM interactions

e FCNC are highly suppressed in SM but can be enhanced in a number of
BSM theories:

SM Qs 2HDM  FC2HDM MSSM R SUSY
touZ 8x107Y7  11x 107 - - 2x107% 3 x107°
touy 37x10716 7.5x107° - - 2x10°% 1x10°¢
t—ug 37x1074 15x1077 - - 8x1075 2x1074
touH  2x10°7  41x107° 55x 1076 - 1075 ~10°¢

t—cZ 1x100% 11x107*  ~1077 ~10710  2x10°6 3x107°
t—ey 46x107% 75%x1077  ~ 1076 ~107%  2x107% 1x10°°
t—cg 46x1072 15x1077 ~107* ~107%  8x107° 2x107*
t—cH 3x107% 41x107° 15x107% ~107° 107° ~ 1076

Aguilar-Saavedra, Acta Phys. Polon. B35 (2004) 2695

Branching ratios

o All these vertices were probed at Tevatron and LHC, collectively

o Because of the large number of searches, only those with most stringent
limits are discussed in detail
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FCNC tZq

e Search!'! for tt — WhZq
o Z 0T,
o Counting experiment in 2D mass window
o Observed limit:
B(t —qZ) <5-107* (7+8TeV)

~|

Events / 20 (GeV)
(=2} o]

I

N

-
TeV —— pata
-1

=
o

Events / 20 (GeV)
0

[1] Phys. Rev. Lett. 112 (2014) 171802

350
my; (GeV)
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FCNC tgq

e The tgq vertex is studied in single-top production u, c
o t — gq decays would be too hard to identify in
hadronic environment t
g
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FCNC tgq

e The tgq vertex is studied in single-top production u, c
o t — gq decays would be too hard to identify in
hadronic environment t
e Most stringent limits are from ATLAS!"! g
A ° Signature: gg — t — blv
T © FCNC signal extracted with NN
L Similar ki . 9 25000 T T T
A imilar kinematics for tgu and tgc S Lit=1021° S =8 Tev ATLAS Preliminary
S 2 s0000]  SiOnalregion P oot
I.I>J =slng\ew9
p :
15000[- — i E
- mun-‘é: pooson
10000" Zagerem
5000
0
g i
i A //////////%
g o
§ 0M—l -08-06-04-02 0 02 04 06 08 1

NN output
[1] ATLAS CONF-2013-063

13/ 24



http://inspirehep.net/record/1260943

FCNC tgq

e The tgq vertex is studied in single-top production u, c
o t — gq decays would be too hard to identify in
hadronic environment t
e Most stringent limits are from ATLAS!"! g

o Signature: gg — t — blv
o FCNC signal extracted with NN
Similar kinematics for tgu and tgc %22

7020
o Results (observed): Fo18

B(t — ug) <3.1-107° 0.16
B(t—cg)<1.6-107* 014
0.12
0.10]
0.08
0.06
0.04]

0.02
0000l b et D NG 33107

npr-»

r -
JLu(—M. b s =8 TevATLAS Preliminary

— Observed
N —UExpected

~ Excluded region

7

B(t- ug)

[1] ATLAS CONF-2013-063
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FCNC tvq

e Studied!"! in single-top production u, c t
o Focus on t — buv decays only
o Signal events identified with BDT
e Separate BDTs trained for tyu and t~yc signals g y
o Observed upper limits:
B(t N Ll’y) <16- 10,4 @IS, ) CMS Preliminary, 19.1 fb", 1s =8 TeV.

2 900f- ——Duta |
-3 Z ool =0 E
B(t — cy) <1.8-10 i
= goof- (7] Uncertainties (Systch Stat) =
500
D L e SR AT a00F- E
¥ E 980 C.L E a00 E
E EXCLUDED REGION | o E
T ]
101 - 100 E
STk E| P
g F 7 £ e El
2 j %5 -0.4 -0.2 0 0.2 0.4 0.6 0.8
102 = H BDT output for tuy
E 3 CMS Preliminary, 19.1 fb, 15 =8 TeV.
F E o oof =
el _ S b E
107 cMS mamsen 3 z 800}
E = £ roof- E
E 3 2
F ] 2 eoof E
s,
10t cms N s00E- .
E Prefiminary E|
E o - 3 4005 E
r @ @) w 3 300F- E
10—5 Il Il Il Il L 200 —
10° 10" 10° 107 10" 1
BR(t - qy)

pATAMC

[1] CMS PAS TOP-14-003
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FCNC tHgq in tt — WbHc

e Re-interpretation of a search!'! for heavy (pseudo)scalar in 2HDM (<,\\1~5;

o Multichannel counting experiment

o Multilepton channel: 2¢1/43, 30143 Further categorised by number
¢ e, and /3 €, s Thad of OSSF pairs, relation to mz,
) ‘ » 5 Thad

. presence of b-tagged jets, Fr =
o Diphoton channel: 2v /{3, 2y {43 ~ 170 categories in total

120 < m,, < 130 GeV
o Observed limit: B(t — cH) < 5.6-1073

Ten most sensitive categories

19.5fb
(8TeV)

Channel ET™ (GeV) | Ny | Obs. Exp. Sig.
(50,100) | >1| 1 |23+12288+039
(30,50) | >1| 2 |1.1+06 216030
) (0, 30) >1 2 21411176 £0.24
v (50,1000 | 0 | 7 |95+44|222+031
(100,00) | >1| 0 |05+04|092+014
(100,00) | 0 | 1 |224+10]094+017
1444 (50,100) | >1| 48 | 48£23 | 95+23
(OSSF1, below-Z) | (0,50) | >1| 34 | 42411 | 59+12
ol (50, 100) >1 29 26+ 13 594+13
(OSSFO) 0,50 | >1] 29 | 23410 | 43411

Signal expectations are for B(t — cH) = 1%
[1] Phys. Rev. D90 (2014) 112013
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Overview of results from Tevatron and LHC

Exp. Vs B(t — uy) B(t — cy) Reference
CDF 1.96 TeV 3.2.1072 PRL 80 (1998) 2525
CcMS 8 TeV 1.6-107* 1.8-1073 TOP-14-003
B(t - uZ) B(t— c2)
CDF 1.96 TeV 3.7-1072 PRL 101 (2008) 192002
D® 1.96 TeV 3.2.1072 PLB 701 (2011) 313
ATLAS 7TeV 7.3-1073 JHEP 09 (2012) 139
CcMS 7TeV 5.1-1073 1.1-107! TOP-12-021
CcMS 7+8TeV 5.107* PRL 112 (2014) 171802
B(t — ug) B(t — cg)
CDF 1.96 TeV 3.9-107* 5.7-1073 PRL 102 (2009) 151801
D® 1.96 TeV 2.0-107* 3.9-1073 PLB 693 (2010) 81
ATLAS 7TeV 5.7-107° 2.7-107* PLB 712 (2012) 351
ATLAS 8 TeV 3.1-107° 1.6-107* CONF-2013-063
CMS 7TeV 3.6-107* 3.4.1073 TOP-14-007
B(t — uH) B(t — cH)
ATLAS  74+8TeV 7.9-1073 JHEP 06 (2014) 008
CcMS 8 TeV — 5.6-1073 PRD 90 (2014) 112013
CcMS 8 TeV — 9.3.1073 TOP-13-017
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Overview of results from Tevatron and LHC

e Getting closer to some BSM models
o E.g. in flavour-violating 2HDM one can expect!’

branching ratios

B(t — cg) ~107* B(t — cH) ~10"°

[1] Aguilar-Saavedra, Acta Phys. Polon. B35 (2004) 2695 and refs. therein

B(t — ug) Bt — cg)

CDF 1.96TeV  3.9-1074 57-10"°  PRL102(2009) 151801
DO 1.96Tev  2.0-107* 3.9.107%  PLB693(2010)81
ATLAS 7TeV 5.7-107° 2.7-107* PLB 712 (2012) 351
ATLAS  8TeV 3.1-107° CONF-2013-063
cMs 7TeV 3.6-10" 3410 TOP-14-007

B(t — uH) B(t — cH)
ATLAS  7+8TeV 7.9-107° JHEP 06 (2014) 008
cMs 8 TeV — PRD 90 (2014) 112013
cMS 8TeV — 9310~ TOP-13-017
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W-boson-helicity fractions
in top-quark decays
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W-boson helicity in top decays

e Top quark is special: it decays before the hadronisation

o Its decay products thus retain information about Wtb vertex
o Of particular interest are W-boson-helicity fractions

[1] Czarnecki, Korner, Piclum, Phys. Rev. D81 (2010) 111503
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W-boson helicity in top decays

e Top quark is special: it decays before the hadronisation

o Its decay products thus retain information about Wtb vertex
o Of particular interest are W-boson-helicity fractions

e Experimentally, the helicity fractions can be

deduced from distribution in cos 6* W rest frame b
1 dr 3 2 Wi
T d cos 6* _gFL(l—cosé? e+ : R !

3 3
ZFO sin® 0% + gFR (14 cos6*)?,

where F + Fo+ Fr =1

[1] Czarnecki, Korner, Piclum, Phys. Rev. D81 (2010) 111503
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W-boson helicity in top decays

e Top quark is special: it decays before the hadronisation

o Its decay products thus retain information about Wtb vertex
o Of particular interest are W-boson-helicity fractions

e Experimentally, the helicity fractions can be

deduced from distribution in cos 6* W rest frame b
1 dr 3 5 W
——— =—F (1 - o*

Fdcoso” 8 L (1 —cosf*)" + g2 B . il
3 - 2 0% 3 *\2 1
ZF()Sln 0 +§FR(1+C059 ) y | cos 0| = | cos 03| =
[ cos 041

where F + Fo+ Fr =1
o For decays t — had the d-type quark is not known, but can still extract
limited information from | cos 6;,4]

[1] Czarnecki, Korner, Piclum, Phys. Rev. D81 (2010) 111503
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W-boson helicity in top decays

e Top quark is special: it decays before the hadronisation

o Its decay products thus retain information about Wtb vertex
o Of particular interest are W-boson-helicity fractions

e Experimentally, the helicity fractions can be

deduced from distribution in cos 6* W rest frame b
1 dr 3 5 W
——— =—F (1 - *

Fdcoso” 8 L(1—cosf*)" + g2 B . il
3 - 2 0% 3 *\2 1
ZF()Sln 0 +§FR(1+C059 ) y | cos 0| = | cos 03| =
[ cos 041

where F + Fo+ Fr =1
o For decays t — had the d-type quark is not known, but can still extract
limited information from | cos 6;,4]

e SM values for helicity fractions!':
Fo = 0.687(5), F. = 0.311(5), Fr = 0.0017(1)

[1] Czarnecki, Korner, Piclum, Phys. Rev. D81 (2010) 111503
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Tevatron results

e Long line of ever-improving measurements from Tevatron

o Latest D@ measurement':
tt — £+ jets, £ + jets

(]

w e Select tt events using likelihood discriminator
e Fit both cos0* and | cos 6y, |
L]

Results: Fg = 0.67 £ 0.10, FR—002:|:005

DO, L=4.3 fb™!

LT I T I

<
S fgg (a) DO, L=4.3 1t « Data
2 160 W Muttijet
£ 140 B wi S 200F
S 120 @ wee » UF
100 B wob -
ot By & F
60 tt E
40| }+ s
20 E
% 01020304 0506070809 1 s L
Optimal LI £ ) ) ) )
% 02 04 06 08 1

|cos6*|

[1] Phys. Rev. D83 (2011) 032009
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Tevatron results

e Long line of ever-improving measurements from Tevatron
o Latest D@ measurement!'/: tt — £+ jets

- . . Q
o tt— [+ jets, £ + jets 3 el ® data (8.7 fb)
w o Select tt events using likelihood discriminator S —1i1;=0.7,£,20.0
o Fit both cos6* and | cos 6}, | 3 - f£=0.7,1,20.3
« Results: Fo = 0.67 +0.10, Fg = 0.02 £ 0.05 £ I Dseckoound
o CDF studies (updated in 2013): “
e MEM in the tf — £ + jets channell”) v Le::'lolngdetP (GeVie)
Matrix element parameterised with cos0*, Fy | g T
- ©
o Fit to cos6* in the dilepton channell®! S
e Two channels are combined®!. Results: g
Fo =0.84+£0.10, Fr = —0.16 + 0.06 &
fL‘dt75lfb"
tt — L0 + jets T s 509

[1] Phys. Rev. D83 (2011) 032009
[2] Phys. Rev. D87 (2013) 031104
[3] Phys. Lett. B722 (2013) 48

19 / 24



http://inspirehep.net/record/878547
http://inspirehep.net/record/1203135
http://inspirehep.net/record/1113312

LHC results in tt

e ATLAS measurement!!l at 7 TeV:

%0_5, ATLAS
o tt — £+ jets, 40 + jets S flamroe
# o Fit cos0™ (only t — blv decays) §°-4* :,,,+,
% © Unfold distr. in cos¢" and find Two methods 03
s asymmetries cos (" = + <\71 _ 1) in parallel

single lepton channels_|

® Unfolded data

%4, SM expectation

o Combined results: oib
Fo = 0.67 £0.07, Fr = 0.01 £ 0.05 ‘ ‘ ‘
1 -0.5 0 0.5 1
cos 6"
£2000F T T ' 3 2 T T
df:) ATLAS single lepton channels: 5 600 ATLAS dilepton channels 3
uﬁ‘soo’JLm:mub‘ oo 3 frr ILm:}oA/in‘ o e
1600F S Sesesn 3 500 7 T Bsestnt ‘ ‘ ‘ ‘
1400 Wy, 2 0ne sestt Z30ne. best it ATLAS _[Ldt: 1.04 fo” Fo | R Fo
1200 400 BN NNLO QCD
1000 300 Combination
800 +=+ Data (F/F /F,)
600 2l 2000”7 Template (single leptons) fron e
400F 3 100! Template (dileptons) el = e
200F o] . 7 Asymmetries (single leptons) - - A
% 05 o 05 1 05 o5 ) o5 y Asymmetries (dileptons) [ |-
cos 6" cos 6" Overall combination - - al
I I I I
0 0.5 1
[1] JHEP 06 (2012) 088
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LHC results in tt

e ATLAS measurement!!l at 7 TeV:
o tt — £+ jets, £ + jets

Rmsasans e
300 cus (5 =7 Tev, 501"

/‘tlf Ny +‘jet‘s

8 o Fit cos9* (only t — blv decays) g
% © Unfold distr. in cosf™ and find Two metnolds
S asymmetries cos” = £ <\71 - 1) n paratle

o Combined results:

MCdata

Fo = 0.67 +0.07, Fr = 0.01 + 0.05
e CMS published measurements at 7/°°) and 8 TeV!*

o tt — £+ jets (7 and 8 TeV), €4+ jets (7 TeV only)
o Fit distribution in cos 0*

2

s In £+ jets at 7 TeV also utilise | cos 6}, ,| but only
V.""‘a when fixing Fr = 0 in the fit ’ _
o Results tt — €0 + jets
ults:
4 jets 7TeV: Fp = 0.68 £+ 0.04, Fr = 0.008 + 0.018
J 8TeV: Fp = 0.66 +0.03, Fr = —0.009 £0.021 V7" 7 T T3
24 + jets Fo =0.70 £0.08, Fr = 0.01 £0.05 T T
[1] JHEP 06 (2012) 088 [3] CMS PAS TOP-12-015 cos@)
[2] JHEP 10 (2013) 167 [4] CMS PAS TOP-13-008
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e —
W helicity in single-top signature

CMS 19.7 fb (8 TeV)
e Measurement!! in single-top signature 035 __
. .. . [ [
s | © Selection optimised for t-channel single top [ \
e Orthogonal to the tt analyses 03-
e Utilise both t and tt events for the measurement [
w L
o Fit distribution in cos0* [ . paa
.. . - 0.25r ’
o Results are competitive with tt: i Clg‘a‘- unc.
r— st. unc.
Fo =0.72 4 0.05, Fr = —0.018 & 0.022 L o une
0.2 * SMpred. pros1(o10)
., cMs 1971'@TeV) | CMS 19.7 b’ (8 TeV) —oes o7 o os
S [« Data I Ww+jets . o [« Data [Cw+jets . 0
7 3000F @t (t-chan) [Others HHets 22500 MMt (tchan) [Others ©1ets
€ | Cltethen  [1QCD € [ Otethen [JQCD
52500? i [ stat. unc. 52000; Mt EY stat. unc.
2000F r
3 15001
1500 £
= 1000
10001 3
s00f- F

0 o |
-1 -0.8-0.6-0.4-0.2 0 0.2 0.4 0.6 08 1 02040608 1
cos(8,*) cos(6,%)
[1] JHEP 01 (2015) 053
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Overview of results on W-boson helicities

—— SM expectations [PRD 81 (2010) 111503
Uncertainty: i total, == stat. only

Fr Fo
DO, 5.4fb~1, tf — £(0) + jets gt
[PRD 83 (2011) 032009]
CDF, 2.7fb~ 1, tt — { + jets
[PRL 105 (2010) 042002; — e
CDF, 5.1fb~1, tf — 00 + jets L,
[PRB 722 (2013) 48-54]
» Tevatron combination o e
[PRD 85 (2012) 071106] *
CDF, 8.7fb1, tt —  + jets |, o
[PRD 87 (2013) 031104]
ATLAS, 35pb~! (7TeV), tf — £ + jets R
[ATLAS CONF-2011-037]
ATLAS, 1.04fb~! (7TeV), tf — £({) + jets - b
[JHEP 06 (2012) 088]
CMS, 2.2fb~" (TTeV), tt — pu + jets N
[CMS PAS TOP-11-020,
» LHC combination, 7 TeV ot
[ATLAS CONF-2013-033] °
CMS, 5.0fb™! (7TeV), tt — { + jets . v
[JHEP 10 (2013) 167]
CMS, 4.6fb~" (7TeV), tt — (L + jets i et
[CMS PAS TOP-12-015
CMS, 19.6fb~" (8 TeV), tf — p + jets \ah o]
[CMS PAS TOP-13-008;
CMS, 19.7fb~! (8 TeV), single top e N -
[JHEP 01 (2015) 053]
02 01 0 o1 027 05 06 07 08 09
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Summary and conclusions

e Many excellent results delivered by Tevatron and LHC experiments

o Cross section of ttH measured with a precision of ~ 40% (~ 100% w.r.t.
the SM expectation)

o FCNC limits are getting close to some BSM expectations (FV 2HDM)

o Longitudinal W-boson helicity fraction Fo measured with a 2.3% precision.
(Absolute) uncertainty on Fg has reached 0.02

e No deviations from the standard model found so far
e Expect significant improvements from LHC Run Il
o Especially, in Higgs boson properties and FCNC

e LHC is recommissioning. Stay tuned!
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Summary and conclusions

e Many excellent results delivered by Tevatron and LHC experiments

o Cross section of ttH measured with a precision of ~ 40% (~ 100% w.r.t.
the SM expectation)

o FCNC limits are getting close to some BSM expectations (FV 2HDM)

o Longitudinal W-boson helicity fraction Fo measured with a 2.3% precision.
(Absolute) uncertainty on Fg has reached 0.02

e No deviations from the standard model found so far
e Expect significant improvements from LHC Run Il
o Especially, in Higgs boson properties and FCNC

e LHC is recommissioning. Stay tuned!

Thank you for your attention
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Cross sections

tt ttH tHq, SM tHq, ks = —1
pp, 1.96TeV 7.2+-02pb ~ 4.9 fbf
pp, 7 TeV 1725 pb 865, fb
pp, 8 TeV 246 pb 129 1fb 183+ 0.4fb 234 fb

pp,14TeV 950 jpb 610 7 fb 882 ifb 980 ;'fb

Czakon, Fiedler, Mitov, Phys. Rev. Lett. 110 (2013) 252004

Beenakker et al., Nucl. Phys. B653 (2003) 151-203

LHC Higgs cross section working group, arXiv:1101.0593, 8 TeV webpage
Farina et al., JHEP 05 (2013) 022

f my = 120 GeV; everywhere else my = 125 GeV
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Upper limits in ttH searches

Dil n —
CDF, H — bb " amas | 3
' - tH (H—bb) —
E F I5=8 TeV, 20.3 fo! (J,>,
= L Lepton+jets -
E | == Expected + 1o I
- Expected * 26 J,
o — Observed
X 10 Combination ; . -4 &
o e Injected signal (u=1) | O°!
Il Il L
[ e Median expected 6 8 10 12
8 —— Observed 95% CL limit on o/cg,, at m =125 GeV
L [ Median expected 16 195 1 @ Tev) 2
I:l Median expected + 2 ¢ CMS eeee :xpected +1o 7
1 s Bim 0 xpected + 20 ~
£ Standardmodel | | [ idf 0 Expected (sig. inj.) |
Lol b bbb o o o - Observed
100 105 110 115 120 125 130 135 140 145 150 l(
2
Higgs boson mass (GeV/c?) oL o
(el
<
~
Combined
<
m
10 <
95% CL limit onp = G/U'SM atm, =125 GeV
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Upper limits in ttH searches

bb [~

T,

4

3l

Same-Sign 2|

Combination

CMS, all channels

8TeV,19.3-19.7 fo"
59 Expected 10

--- Expected 20

--- Expected (sig. inj.)
-8 Observed

{5=7TeV,5.0-5.1 "

10
95% CL limit on o/0g,, at m, = 125.6 GeV

12y,

o

211,

o

2lo,

Hadronic

Leptonic

Combined

1 10

—E:am,jm:znm’

ATLAS Preliminary

—e— Observed CL, limit
Expected CL,

I Expected +2 0

uoidsjnw 'Sy 1Y

95% CLg limit on u=UIUSM

| ATLAS Vs=7TeV, [Ldt=451b" |
2011-2012 Vs=8 TeV, [L dt=20.3 fb"

B Expected (677=0) + 1o |
Expected (6™=0) + 26

— Observed

Mo+~ H 'SY1LY

------- SM signal injected

I I ! ! !
5 10 15 20 25 30 35

95% CL limit on o™/t at m,, = 125.4 GeV
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ATLAS ttH, H — bb

search

ATLAS Simulation Single lepton

Vs=8TeV, 203 fb* m, = 125 GeV/
4j,2b 4j,3b 4j,4b

210t sB<01%| Lot siB=0.2%| D10l s/B=1.4%

@ P @

os] o 03

—_— — ]
5j,2b 524D

L0 s/B=01% /B = 2.5%

@

26j,24b
S/B = 4.0%|

26j.2b
210 siB=02%
@

oo ]

ATLAS Simulation
Vs =8TeV, 20.3 fb*

Dilepton
m,, = 125 GeV/

off 2j.2b
& | siB<019%
o4

off 3i.2b I ETED
2 sp=01% 2 |sB=06%
~o4 =04
@ @
03 07
—| ]
off 24j,2b osf24},3b
/B = 1.5%)

2l sp-oaw 2
o4} 04

ATLAS Vs=8TeV,203fb", m =125 GeV

o

{+bb normalisation

jet energy scale 1

thcT

t+bb i
scale choice m,,

tt+V cross section

1t+bb shower recoil scheme
jet energy scale 2
light-jet tagging 1

th+cT tt P,

b-jet tagging 1

i+cT top [

tH+bb scale

jet energy scale 3

light-jet tagging 2

45 POF (MSTW) ool

0.5 1 1.5
(- 6,)/48

o b e
-15 -1 05 0
—e— rul

Pre-fit Impact on

U2 postiit impact on



Systematics in combined CMS ttH search

Combined search in the bb, 77, and multileptonic decay channels.
Prior uncertainties, effects on rates only (i.e. not impacts on 1 or limits)

Rate uncertainty
Source Signal ‘ Backgrounds | Shape

Experimental
Integrated luminosity 2.2-2.6% 2.2-2.6% No
Jet energy scale 0.0-8.4% 0.1-11.5% Yes
CSV b-tagging 0.9-21.7% 3.0-29.0% Yes
Lepton reco. and ID 0.3-14.0% 1.4-14.0% No
Lepton misidentification rate (H — leptons) — 35.1-45.7% Yes
Tau reco. and ID (H — hadrons) 11.3-14.3% | 24.1-28.8% Yes
Photon reco. and ID (H — photons) 1.6-3.2% Yes
MC statistics — 0.2-7.0% Yes

Theoretical

NLO scales and PDF 9.7-14.8% 3.4-14.7% No
MC modeling 2.3-5.1% 0.9-16.8% Yes
Top quark pr 1.4-6.9% Yes
Additional hf uncertainty (H — hadrons) — 50% No
H contamination (H — photons) 36.7-41.2% No
WZ (ZZ) uncertainty (H — leptons) — ‘ 22% (19%) No
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ATLAS and CMS combinations

No BSM particles are allowed in loop-induced higgs couplings or higgs decays

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

ATLAS Preliminary CMS - 68% CL
Vs=7TeV,45-4.71"' Vs=8TeV,2031™" 50 CL
68%CL! i H
95%cL: Ky = O.QSngg ——
BRi,=0 '
e L ios :
Kz=1.0573¢ *:
Ky=0.91%0.14 - _ +0.19 H
w ( K = 0.81°012 C—m— ]
Kz €[-1.06,-0.82] +0.33
——— i =
U[0.84,1.12] Kp=0.74105 :
[ Ki=0.94+0.21 e ) Ky = 0847019 —-.——
Ky € [-0.90, -0.33] P K, <187 l
110-28,0.96] 005 118 2 25
Kr€[-1.22,-0.80] L Parameter value
U[0.80,1.22]
(85%CL) Il < 228 k¢ is largely constrained from gg — H
my = 125.36GeV
oo b b b b b b

-2 -15 -1 -05 0 05 1 15 2

Parameter value
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ATLAS and CMS combinations

Allow loop-induced higgs couplings to depart from SM values

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

%Zg-:g/,suﬁl;%l'!mmary /s =8TeV,20.3b™" CMS = 68% CL
BE T L mw . 5% CL
\\\\‘\\\\‘\\\\l\\\\"\u\\\\\ Kv:O-96+gi‘5’ -'
“ * 0.28
e = 0.647028 M e i ——e:
Kz - — Kp=0.64 05 1
= - +0.18 H
( « — ) K, =0.82"( 7, ————
_— =% [ K= 1.60?3_:2 -:——.—— J
L1 — —— e T
B — _ 0.15 :
" : Kg=0.75"070 -
- 017 H
H = 0.985'16 | —*X_ | |
~ = 0 05 1 15 2 25
P - Parameter value
e
i —— CMS assume Ngsm = 0 and xkx > 0.
P = In ATLAS plot I'gsm = 0 is shown
F ——— with green markers
T My = 125.36 GeV.
L1l ‘ L1l ‘ L1l l L1l ‘ L1l ‘ 11
-2 -1 0 1

2 3
Parameter value
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ATLAS constraints on k;

~ 20 e )
L g ATLASPrEm oy e Higgs boson couples
pa EVS=TTeV.ASATIY b ik, X tHK g KoKy to SM particles only
~  lef \eTeTevizesn 0B Mgk — BSM contributions in
' F Obs. tH Kz KoKy Kz,

145 ‘ loops are allowed

12
10

(I ikl 2 N R A

A
>
AN

‘‘‘‘‘

o N M OO @
T

CONF-2015-007
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-_______________________________________________
Predicted FCNC branching ratios

Updated expectations (still w/o indirect contraints from LHC though):

Process SM 2HDM(FV) 2HDM(FC) MSSM  RPV RS
g t— Zu 7x10717 B B <1077 <10°¢ -
Bot—=Ze 1x 10~ <1076 <1071 <1077 <1076 <10°°
w torgu 4x107H - - <1077 <10°° -
£ toge 5x1002 <107t <1078 <1077 <1076 <1070
§ t—yu 4x 10716 - - <1078 <1079 -
m t—ye H5x107H <1077 <107 <107® <107 <107?
t—hu 2x107'7  6x1076 - <107° <107° -
t—he 3x1071%  2x1073 <107° <107 <107 <107*

Snowmass 2013 Top-quark working group report
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-_______________________________________________
Systematics in CMS FCNC tZg search

Prior uncertainties, effects on signal acceptance only (not impacts on limits)

Source Uncertainty %

Renormalization/factorization scales 12
Parton distribution functions

1T cross section

Parton matching threshold

Lepton selection

Trigger efficiency

b-tagging

Top-quark mass

Jet energy scale

Missing transverse energy resolution
Pileup modeling

Total

OWWhk UL I

[N
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Systematics in ATLAS FCNC tgq search

Prior uncertainties, effects on rates only (not impacts on limits)

Systematic Signal W+jets  W+HF+jets
Jet energy scale <+1% +13% +3%
Jet energy resolution +4% +20% +3%
b-tagging efficiency +5% +1% +1%
c-tagging efficiency <*1% +3% +20%
Mistag rate <+1% +26% <+1%
Muon momentum scale <£1% <*1% <£1%
Muon identification +1% +1% +1%
Electron energy scale < 1% <+1% <+1%
Electron identification +1% +1% +1%
Missing transverse momentum < +1% <+1% <+1%
PDF +3% +4% +8%
W-jets modelling — <+1% <*1%
Cross section — 24% 55%
Systematic 1t single-top Z + jets
Jet energy scale +13% +4% +4%
Jet energy resolution +1% +2% +6%
b-tagging efficiency +5% +5% +4%
c-tagging efficiency <=+1% <*1% +5%
Mistag rate <+1% <+1% +3%
Muon momentum scale <£1% <£1% < £1%
Muon identification +1% +1% +1%
Electron energy scale <*1% <=*1% <*1%
Electron identification +1% +1% <=*1%
Missing transverse momentum < +1% <+1% +3%
PDF +4% +2% +5%
ISR/FSR +3% +5% —
Cross section 8% 10% 24%
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-_______________________________________________
Systematics in CMS FCNC tHq search

Prior uncertainties, effects on event yields only (not impacts on limits)

Source of uncertainty Magnitude (%)
Luminosity 2.6
PDF 10
ERs (> 50 GeV) resolution correction 4

Jet energy scale 0.5
b-tag scale factor (17) 6
e(u) ID/isolation (at pp = 30 GeV) 0.6 (0.2)
Trigger efficiency 5

1t misidentification 50

tt, WZ,ZZ cross sections 10, 15, 15
7, misidentification 30
Diphoton background 50




-_______________________________________________
W helicities from asymmetries in ATLAS

e Utilise asymmetries

N(cos6* > z) — N(cos0* < zy) 3
Ay = —x(Va-1
* N(cos 6* > z+) + N(cos 0* < z¢)’ FET (\/_ )

o They relatel!! to W-helicity fractions allowing to extract Fi g easily:

A+:3/8(F0+(1+5)FR)5 /8:\3/5_1)
A-=3B(Fo+ (14 8)FL),
Fr+FL+F=1

o Despite the simplicity, the asymmetries are quite sensitive to Vg, g1, gr
couplings'™

[1] Aguilar-Saavedra et al., Eur. Phys. J. C50 (2007) 519-533
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Signal modelling in CMS W-helicity measurements

e In all CMS analyses signal is modelled by reweighting SM sample(s)
o Probability density for a single decaying top quark:

p(cos0™;F) = %FL(I — cosf") + %Fo sin® 0" + gFR (1+ cos6*),

where F = {F, Fo, Fr} are the helicity fractions and cos6* is calculated at
the generator level
o Event weight for a target configuration F is calculated as

_p(costi;F)
F
w(F) H p (cos 0F; FSM)

where the product is taken over all top quarks in the event
o (Two) components of F are used directly in the fit to reconstructed cos 6"
as the parameters of interest
e In ATLAS, CDF, and D@ measurements the signal was modelled as a
mixture of three templates

o Correspond to F;, Fo, or Fr =1, the other two fractions are set to zero
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e —
Systematics in ATLAS W-helicity measurement

Source Uncertainties
Fo F, Iy

Signal and background modelling

Generator choice 0.012  0.009 0.004
ISR/FSR 0.015 0.008 0.007
PDF 0.011  0.006 0.006
Top quark mass 0.016  0.009 0.008
Misidentified leptons 0.020 0.013 0.007
Wjets 0.016 0.008 0.008
Other backgrounds 0.006 0.003 0.003

Method-specific uncertainties 0.031 0.016 0.035

Detector modelling

Lepton reconstruction 0.013 0.006 0.007
Jet energy scale 0.026 0.014 0.012
Jet reconstruction 0.012  0.005 0.007
b-tagging 0.007 0.003  0.004
Calorimeter readout 0.009 0.005 0.004
Luminosity and pileup 0.009 0.004 0.005

Total systematic uncertainty —0.06  0.03  0.04
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-_______________________________________________
CMS W-helicity measurement in ¢ + jets, 7 TeV

p+jets (cos0*) e+jets (cos6*) l+jets (cos ™)

Systematic 3D fit 2D fit 3D fit 2D fit 3D fit 2D fit
Uncertainties |+ AFy | + AFL | £ AFy | £+ ARy | + AFL | £ AFy |+ AFy | + AFL | + AF,
JES 0.005 | 0.003 | 0.001 | 0.006 | 0.002 | 0.003 | 0.006 | 0.003 | 0.001
JER 0.009 | 0.005 | 0.001 | 0.014 | 0.009 | 0.003 | 0.011 | 0.007 | 0.001
Lepton eff. 0.001 | 0.001 | 0.001 | 0.009 | 0.012 | 0.015 | 0.001 | 0.002 | 0.002
b-tag eff. 0.001 | 0.001 |<1073| <1072 | <1073 | 0.001 | 0.001 [< 1073 | <1073
Pileup 0.013 | 0.011 | 0.008 | 0.008 | 0.007 | 0.005 | 0.002 | <1072 | 0.008
Single-t bkg. 0.004 | <1073 | 0.003 | 0.004 | <1073| 0.004 | 0.004 | 0.001 | 0.003
Wjets bkg. 0.019 | 0.007 | 0.006 | 0.009 | 0.006 | 0.022 | 0.013 | 0.004 | 0.006
DY +jets bkg. 0.002 | 0.001 | 0.001 | 0.001 [<1073| 0.001 | 0.001 | <1072 | 0.001
MC statistics 0.016 | 0.012 | 0.009 | 0.019 | 0.015 | 0.012 | 0.016 | 0.012 | 0.010
Top-quark mass | 0.011 | 0.008 | 0.007 | 0.025 | 0.018 | 0.014 | 0.016 | 0.011 | 0.019
tT scales 0.013 | 0.009 | 0.007 | 0.015 | 0.018 | 0.030 | 0.009 | 0.009 | 0.011
tT match. scale | 0.004 | 0.001 | 0.006 | 0.010 | 0.013 | 0.016 | 0.011 | 0.010 | 0.008
PDF 0.002 | 0.001 | 0.003 | 0.004 | 0.002 | 0.002 | 0.002 | <107%| 0.003
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CMS W-helicity measurement in ¢ + jets, 7 TeV

Leptonic branch: cos 6*
Fit | Channel | Fy + (stat.) & (syst.) | Fp £ (stat.) £ (syst.) | Fr £ (stat.) £ (syst.) | p§
3D | ptjets 0.674 +0.039+0.035 0.314 £0.028+0.022 0.012 £0.016+0.020 | —0.95

3D | etjets 0.688 £0.045+0.042 0.310 £0.033£0.037 0.002 £0.017£0.023 | —0.95
2D | ptjets 0.698 £0.021£0.019 0.302 £0.021£0.019 fixed at 0 -1
2D | etjets 0.691 £0.02540.047 0.309 £0.025+0.047 fixed at 0 -1

Hadronic branch: |cos?d ¢*|

Fit | Channel | Fy + (stat.) £ (syst.) | Fy, & (stat.) & (syst.) | Fr £ (stat.) & (syst.) | por

2D | ptjets 0.651 £0.060+0.084 0.349 £0.060+0.084 fixed at 0 -1
2D | etjets 0.629 £0.060+0.093 0.371 £0.060+0.093 fixed at 0 -1
Fit | Channel(s) | Branch | Fraction + (stat.) = (syst.) [total] | pige!

Fy 0.682 £0.03040.033 [0.045]
3D (+jets 1 Fr, 0.310 £0.02240.022 [0.032] | —0.95
Fr 0.008 40.0124-0.014 [0.018]
2D | ptjets I+h | Fy | 0.694 £0.020+0.025 [0.032]
Fr, 0.306 £0.02040.025 [0.032] -1
2D e+jets I+h Fy 0.674 40.0254-0.028 [0.037]
Fr, 0.326 4:0.0254-0.028 [0.037] -1
2D {+jets I+h Fy 0.685 £0.01740.021 [0.027]
Fr, 0.315 £0.01740.021 [0.027] -1
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Limits on anomalous Wtb couplings
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tty

IASARRARS:
BYATLAS Electron channel

R
&=7 Tev,J'L dt=4591"  ysignal

[y background
3 Hadiron fakes
Totaluncertainty fromfit

e ATLAS measurement at 7 TeV!!
o tt — £+ jets
o Fiducial phase space
e Photon: pr > 20GeV, |n| < 2.37
o Leptons (e/p): pt > 25GeV, |5 < 2.5
e Jets: pr > 25GeV, |n| <25
o Fit photon track-isolation pr
e > pr of tracks within AR < 0.2
e Data-driven templates for prompt photons
and fakes
o Results:
e Observation of tty: 5.3¢
o o5g = 76 £ 8 (stat.) 717 (syst.) £ 1 (lumi.) fb
theory prediction: 48 + 10fb

e CMS measurement at 8 TeV/?

o Select tt — i + jets events. Fit to photon charged-hadron isolation
o R =04, /0 = (1.07 £0.07 (stat.) +0.27 (syst.)) - 1072

Events/ GeV

T
ATLAS Muon channel
Data

e
5=7 Tev,IL dt=459 " signal

[y background
3 Hadron fakes
Totaluncertainty fom fit

Events/ GeV

[1] arXiv:1502.00586, submitted to Phys. Rev. D [2] TOP-13-011
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