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ttH production at 13 TeV
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Searches for ttH production at the LHC

ttH,H—bb: 58.1%
High cross section x BR, but multi-jet background
Difficult tt+bb modeling
ATLAS : 2015 + 2016 data
CMS : 2015, 2016 data
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ttH.H—-yy : 0.23%
Clean signature thanks to excellent mass
resolution, but small branching ratio
Background from mass fit in data
ATLAS : 2015 + 2016 data

CMS : 2015, 2016 data 10 l

ttH multilepton : H-WW (21.5%), H—22ZZ (2.6%) |
and H— 11 (6.3%) 1086900 720! 140" 760 180 200
H—->WW, H—=ZZ semi-leptonic and leptonic decays Vi [GeV]
Lower rate than H—bb, but low background final
state (better handle on irreducible backgrounds)
ATLAS : 2015 + 2016 data
CMS : 2015 + 2016 data
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ATLAS ttH,H—bb

ATLAS-CONF-2016-080
Selection targeting lepton+jets and dileptons
- I+jets: =1 lepton, >5 jets, >3 b-tag
- 2l: 2 opposite sign lepton, >3 jets, >3 b-tag
Mass resolution ~10%, jet combinatorics: use multivariate
methods in jet/b-jet categories
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ATLAS Simulation Preliminary Dth light Dth >1c ltf+ >1b ATLAS Simulation Preliminary Dﬁ + light th+ >1c .ﬁ+ >1b
\s=13TeV __ v DN - \s=13TeV i ~
Single Lepton ft+ on-tt Dilepton [lit+v [ INon-
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ttbar + =1b: major background in signal

regions

HT HT distribution used as a discriminant
4 in the background control regions
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ATLAS ttH,H—bb

ATLAS-CONF-2016-080

Analysis strategy: two-step multivariate technique £ %" """ """ Arias simulation Prefiminary
- Reconstruction BDT : Match reconstructed jetsto 5 °™ e
. . 5 Y > 4j, > 4b
Higgs and top quark jets § o N

[ ttH, Higgs boson

- NN/BDT output : includes previous BDT + kinematic 0.08
variables, in signal region only 0.06
All regions included in final likelihood fit 0.04

correctly matched
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- tt+>1b, tt+>1c normalisations: free param. in the fit 002 1 T
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OO 50 100 150 200 250 300
c\! 6_]' T T T T I T T T T l T T T T l T T T T I T T T T I T T T ] .
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2 [is-13Tev, 1821 i, =40) ATLAS Preiminary i (5b), 15 = 13 TeV. 13:2b
Lq>|j 10°E B ttH (ufit=2'1) —= - ;d['
= = tat.
- Egigzgﬁr?cr; i - Tot. ( Stat. Syst.)
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° E ood- (k=0T E Dilepton ——e—— 46 53 (05 T )
10° IE 1.6 *11 (105 +10
= - Single Lepton| e S I ( 05 -0.9 )
102 _ttH (bb) Combined e g
= Dilepton and Single Lepton = _ 01 +1:0 ( +0.5 +0.9 )
- i P Combined e 1 .09\ -05 -07
_ Post-fit
! : : : . : IIIIlIIIIIIII
s 2-' - '_+_ 0 2 4 6 8 10 12 14 16 18
@ E Best fit u = ™/6 for m, = 125 GeV
o | —
s T 7 Theory uncertainties on ttbar + >1b is
T 35 3 25 2 4Hd5 4 05

g (S/B) Au~0.5, already dominates the measurement
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CMS ttH,H—-bb NEW

CMS HIG-16-038

g Ve’ vl
b
Analysis targeting lepton+jets and dileptons b
- l+jets: =1 lepton, >4 jets, >3 b-tag 9 q
- 2l: 2 opposite sign lepton, >3 jets, >3 b-tag g
b
Change relative to Moriond 2016
CMS Simulation 2.3 fl?-1 _
3 jets, 3 b-tags > 4 jets, 3 b-tags ( - ) _ o
- Remove low significance
dilepton categories
- Use Matrix Element Method
+ (MEM) as final discriminant in
S/B=0.005, S/\B=0.047 S/B=0.014, S/\B=0.223 |ow/high BDT score Ca’[egories
>4 jets, > 4 b-tags
2o 0 B e CMS Simuiation
ttcc B ttcc > 6 jets, 3 b-tags
B o
B it-2b
- B b ]
— i  lepton+jets
B
S/B=0.046, S/\B=0.221
4 jets, 4 b-tags 5 jets, > 4 b-tags > 6 jet, > 4 b-tags -
‘ E‘:l'\l-‘K

tt+bb
S/B=0.016, S/1B=0.121 S/B=0.028, S/\B=0.275 S/B=0.035, S/\B=0.456

tt+bb



Events

Data/Bkg.

CMS ttH,H—bb

CMS HIG-16-038

12.9fb (13 TeV - . . .
800E ~nae |""|""|""I""I""I"("I"e"_) _'(e lllllllll |llll|llll|||||||||;1|2||9|1:b|||(|1?’||T|e|\|/_) Example Of dlscrlmlnants
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. [ [ [ [IT=l r . Hit+b B2 b : | | i
>6 jets, >4 b- ] [ >6jets, >4 b- ]
- W P i e - WO discriminant among |+jets)
pre-fit expectation [tV Ev+jets S 100k pre-fit expectation [tt+v EV+jets A ‘
Il ciboson . 00 C W ciboson CMS Preliminary : 271" (13 TeV)
E 7 |
low BDT 80% high BDT —
- el score, Moriond2016
E 7 /// 7777777777 Dilepton é

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

_________ — T DU DU P DU DU B Combined ——
_@3 15 |
o e
% 10 Best fity = o/, at m,, = 125 GeV
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII a 0.5””””” il is . .
0.0 01 0.2 03 0.4 05 06 0.7 08 09 00 01 02 03 04 05 06 07 08 09 This anaIyS|s:
MEM discriminant MEM discriminant 11.4-12.910" (13 TeV)
. CMS Preliminary
Expected limit : 3.6 x SM (3.2 fb-1) => 1.7 x SM (12.9 fb-1) e e e
Systematics dominated (50% on tt+HF) | ;
Dilepton ——a— -0.04 *150 "o o
Channel Observed UL  Expected UL Best-fit y Lepton+jets i -0.43 105 T0es 0%
Dilepton 3.2 34113 —0.04 133 (tot.) T5.02(stat.) 104 (syst.)
Lepton-jets 1.8 21ty 0437 (tot.) To2(stat.) FoEi(syst.) Combined w049 0% 0k w0t
Combined 15 17497 | =019%9% (tot.) T045(stat.), T35 (syst.) e

Best fit p = o/c_ at m, =125 GeV
SM



Events

CMS ttH multilepton

CMS HIG-16-022

g

Targeting 2 lepton same-sign (2Iss) and =3 leptons (3I)

2 same sign leptons: >4 jets, >1 b-tag

3 leptons: >2 jets, >1 b-tag

Backrounds: tt+\W//Z, tt+|ets (same-sign required to reduce
Drell-Yan and ttZ)

Background normalisation from control region: loosened CMS Preliminary 12,91 (13 TeV)

identification (fakes), Z—Il (mis-charge = “flips”, 2Iss only) E 5 ; E
14 mr
120 e -
CMS Preliminary 12.9fb™ (13 TeV) Analysis categories: 100 .
L I L L L I I I L R |
10° -+ Data E piut ey’ etet 3L =
- [, Eromlpt i + +. + + =
Wt b — 1 | btight || | b tight _ E
i D g, J N In:p ] 4 4 b tlght :Z\ bessses 08 E
o :—Etvtlj 2| opposite 1 oose oose ) B
- Sign ContrOI . SSZL W"th hadronic tau b IOOSE 8 fgé -stiat. unc. \:|toytal unc. '
: i S 15 + E
region _ % 1.0 :
8 0.5;— E
. .gn . . 00—+ 5 6 57
10° - Lepton identification with N(jet, p, > 25 GeV)

BDT using shape, isolation and

] = overlapping jet information

—1-0.8-0.60.4-02 0 02040608 1 8
lepton MVA score




Events

Data/Pred.

CMS ttH multilepton

CMS HIG-16-022

CMS Prelimina ! . i

T mnay ‘12?&) |(.1‘3,|T‘6Y) " _CM§ Pfellmlmar%/ S |1.‘2:?.fp‘1‘(.1.3“1.-?y) CMS Preliminary 12.9 17 (13 TeV)
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#v BDT 27 | =
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'F:Ka;es [ = Fakes
JFakes -

08060402 0 0204 0608 1 T R T R T R R R T
BDT (ttH, ttV) MEM weight (ttH)

29" (13 TeV) CMS Preliminary

ety Analysis sensitivity:

& " g & & oo 2lSs = - 2lss and 3l categories: Train 2
:_ grrz TTZ ] -
60- S S - BDTs, against ttbar and ttW/Z

Fakes

- Unroll 2D distributions
- 3l category : include log of MEM
weights for ttH, ttW and ttZ as ttV

. ‘ BDT input
0
e T ‘ ' ' ‘ ' ' E °© f ' ‘
o 1.5¢ l l E g_j 1.5F E
[a E s i 7 N — ]
3 1.0 = E D G + | l B!
T os5f ' ! | R B A A | '
[m] s ) ‘ . ‘ ‘ . ‘ ' . e 0O o5F ) ‘ . ‘ . i
05 1 15 2 25 3 35 4 45 5 55 1 2 3 4 5 6 7
BDT (ttH,t/ttV) bin BDT (ttH, ty/ttV) bin



CMS ttH multilepton

CMS HIG-16-022

CMS Preliminary 12.9 6 (13 TeV) CMS Preliminary  2.3+12.9 fo (13 TeV)
2016 my, = 125 GeV my, = 125 GeV
- combined u = 2.3 igz Icombined = 2_0tg'3 I

2015+2016

- Post-fit distribution of yields

rilepton per categories shows no
pu=25"" . .
12 excess in dimuon
CMS Preliminary 12.9 b (13 TeV)
dilepton @2 T T T T T
=1 9+0.9 QCJ : T—s[t)_:ttéu :
H=19 8 g 100~ Mt 7
i mTTW i
: i Lar i
-2 - 1 2 3 4 5 6 005115225 3354 45 80 [JFakes  —
Best fit u = o/c Best fit u = o/c I [T Fiips |
SM SM C i
60_— 7
- Main systematics uncertainties : 40~
tight lepton selection and fakes =
Category Obs Tmit B Tmittic BestAtn fic [\ =N
Same-sign dileptons 4.6 1.7709 45 27 1, o =
Trileptons 3.7 2312 4, 1.3712_ 5 S 15F —
Combined categories 3.9 1.4707_, 2.37T09_, Nelny =
Combined with 2015 data 3.4 13406y, 20405 o) ;h_’ : 44— o
s R
g T |
CDU 0.5F -

AR O Y T b;'?rl bF L b b b 9
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Events

ATLAS ttH multilepton

ATLAS-CONF-2016-058
ATLAS anal_yS|s: 4 channels | R P
- 2| same sign (ee, ey, pp), no T had: >5 jets, >1 b-tag Y] EomsTevaewt 0 HEE
. . tW VR :
- 2l same sign, 1 T had : >4 jets, >1 b-tag o Wovirior @oe
>4 jets, >1 b-tag ; or >3 jets, >2 b-tag 5
- 4l: >2 jets, >1 b-tag ;//////////////
20
- Similar method to CMS for background measurement Vo)
- Fake T from simulation, normalised to control region 10
- Main systematic uncertainties : Fakes and flips Au~0.6
0 ee
- 1 1 ILI Lepton flavor
Cut and count analysis in 6 categories
| | | | | RN
OF ATLAS Preliminary ~-Data W11+ (S) ATLAS Preliminary Vs=13 TeV, 13.2fb"
80r I\:e=-fi1t3 Tev, 132 10" EtDtig(/Json E:\ltéigrgmpt —tot. — stat. tot (Stat ’ SySt)
o iy 20 Ohad e 4.0 33 (412, 1)
60
‘ 20 Viha k—e—m 6277 (23, 7))
501
7
o | ot 0517 (12, 42)
i, | < 2.2 (68% CL)
e oo+ |
o ICombination |re 2547 I (%7 ’| )
, 0 5 10 15 20 25

20 -
Haey e

20 N
/750/ e'({

2&002‘

best fit utfH for m =125 GeV



Events/0.0

ATLAS, CMS H—vyy analysis

ATLAS-CONF-2016-067, CMS HIG-16-020

CMS Simulation Preliminary 13 TeV
- LA LA IR IR IR IS
E 0_352_ H-yy I Untagged 0_
% 0-32_ 4'%7 Simulation t ll _i
?ﬂ 0.25; —f -
§ [ Puamenc L { -Look for small signal peak (BR~0.2%) over
S T | E large background
o 6 =125Gev  § 3 .
1o ——e -Photon energy resolution ~1%
o1f  THHM=ET O 1 depending on categories: calibration is crucial
0.05 =
::::::: ==:!:!:==; " I ;25 L==:::: ::::::
m,, (GeV)
_.CMS Preliminary 2.7fb™ (13 TeV) Very pure ttH categories
60 WogH PVBF WH [JzH BtH  [HobH tHib tWH
" | Data i
140_—
1200 HZee MC : ATLAS Simulation Preliminary H—yy \s=13 TeV
- | IMC syst. . N
100~ ttH leptonic —
i ttH hadronic

— - Photon identification: reject jets faking photons

with shower shape and isolation: BDT (CMS), cut-
based (ATLAS)

0 08-06-04-02 0 02 04 06 08 1
Photon ID BDT score 12



CMS ttH,H—vyy

CMS HIG-16-020

CMS proimnay __1291"(13TeV) 2 ttH categories: hadronic and leptonic
Hory B Combined £ o - Tighten photon pT/m requirement relative to
B T Percategory tie | inclusive categories (targeting ggh production)
b 07722 u :lzjj”o_gs as - Conltrol region with invertea photonlql ig usgd to
B o oroties i predict expected background for optimisation
Myge | 16122 fypy =1
- - ttH hadronic tag: 0 ttH leptonic tag: >1
M > lepton, >5 jets, >1 b-tag lepton, >2 jets, >1 b-tag
=0 e e e - | CMS profiminary 1|2|9|be .(.1?T?y.) > QPMIS.’,Er?/'.'T."??r?’.]l.,..,.,]. 1.2.9.fb, .(J?’T.ey)_
S 1ol rﬂ:@(eoeev fi-0.95  'lH Hadronic Tag - § 8; :1\(2%0 Gev,fi-0.95 1" LeptonicTag _;
- ttH hadronic/leptonic g _ Dam 1g 7 o E
combined: |‘|=1_9+1.5_1_2 L?>j 8;_ /.\ ;ic;)mponent _f L%’ 6;— ...... icomponent _;
measured o 2o 1 = 3
simultaneously with N E - E
other production § ] 1Y « :
mechanisms N ALk Nyn (R :
- Measurement is e "B component sublracied 3 o Lo
dominated by statistical 3 L P component subfiacied
uncertainties ok 2_l E
:i . \ | | 0 dhadbdIERRRNERSUNNNNNN HIHIHHHHUZ
100 110 12 1 140 150 160 170 18 ) -
\\~‘),) m,, (GeV) 10

120 150 160 170

3
<
®
D
< .
~— ool



ATLAS ttH,H—vyy

ATLAS-CONF-2016-067
] ] ] | ATLAS Preliminary —e— Total
2 ttH categories: hadronic and leptonic - (5-13TeV, 1337
- Control region with inverted photonld — -— My =025 o )
- ttH hadronic/leptonic combined: p=-0.25+1-26_g gq :V“ R i 0
' H ' VBE [ e VBE =224 47
measured simultaneously with other production . " o
. . ggH —eo—i gy =92° o028
mechanisms (ratio WH/ZH assumed as SM) R e e— R
- Measurement is dominated by statistical F — e
uncertainties I R Sy SR
Signal Strength
ttH hadronic tag: O ttH leptonic tag: >1
lepton, =5 jets, >1 b-tag lepton, >2 jets, >1 b-tag
> 12_'|""|'/"\|""|""|""_> :'|""|'[\'|""|""|"":
& - @ Data ATLAS Preliminary - & 7 @ Data ATLAS Preliminary 3
> 10 Backgrourgd Fit \s=13TeV, 133" — > Eooeeee Backgroung Fit \s=13TeV, 13.3f" 1
= [ = Signal + Backgrourld Fit ~ H—-yy, m,=125.09GeV - & 6 = Signal + Bdckground Fit ~ H—yy, m =125.09 GeV J
g - —— SM Signa| + Backglound ttH hadronic - 2 E —— SM Signal}+ Backgrdund ttH leptonic ]
T 8- L 5:_ =
6 -4
- - se] T [ =
4 C ]
[ 1] [ ] 2;_ ® _;
2 [ 1 1 H l 1 1 1 w 150 [ 1) [ ® 00 o ® —f
_Itl lI II .l I ] Hl.l | IILI .lIllIl. T ..mé ! E L Ilr'".- _. o Y .,.\T i Ty B S e s s s e e E
110 120 30 140 150 110 120 30 140 150 160




ttH summary and projections

ATLAS and CMS Preliminary - ATLAS

LHC Run 1 - CMS
o ATLAS+CMS
— —=+ 10
: —=x 20
w e e
ggF ———
u —
VBF e
MWH B

ttH(H—yY)
(13TeV13.3fb")

tH(H->WW/tt/ZZ)
(13 TeV 13.2f0™)

ttH(H—sbb)

[ ttH >

(13 TeV 13.210™)

ttH combination
(13 TeV)

Parameter value

Run I: p=2.3+0-796

ttH combination
(7-8TeV, 4.5-20.31b™")

L B B L
ATLAS Preliminary 1s=13 TeV, 13.2-13.3 fb™
—total stat. (tot.) (stat., syst.)
|—e—— 1.2 12 402
-0.3 j1_o ( i1.0 J :ro.z )
o 1.3 07 +1.1
- — 25 47 (L7, % )
+1.0 05 +0.9
H—e—— 21 %5 (15, %7 )
0.7 04 +06
- 1.8 77 (L4, D5 )
0.8 05 +07
1 1 1 i 1 1 | 1 1 I 1 1 1 | 1 I 1 1 1
0 2 4 6 8 10

best fit u_ for m =125 GeV
ttH

CMS

ttH, H—~bb (2016):
”=_0_1 9+0'8-0.8

- ttH multilepton
(2015+2016): p=2.0+0-8¢ 7

- ttH, H—vyy (2016):
“=1 _9+1.5_1.2

Projections at HL-LHC L=3000 fb-1

CMS-NOTE-13-002

- Extrapolated from 8 TeV first
measurements, same syst.

- AKvKi: from H—=yy and H—bb:
10% (7% if half theory uncert.)

ATLAS PHYS-PUB-2014-012
- ttH,H—=yy 11,21 only, same extrapolation
- Similar experimental sensitivity

CMS expected precision on top - Higgs coupling (%)

L (fb_]) Ky Kw Kz K¢ Kp Kt Kt KZy Kuu BRsm
300 [5 7] | [4,6] | [4,6] | [6, 8] | [10,13] [§[14, 15] I [6,8] | [41,41] | [23,23] | [14, 18]
3000 [ 251|125 [ 241|351 B,71 | 17,10 | 12,51 | (10,121 | [5,8] | [7,11]

ATLAS expected precision on ttH signal strength (%)

Ap/p«2A

15

/Kt AfL/ i (%)

Production mode || Total || Statistical | Experimental | Theoretical
- 21 13 5 17
It H i 17 t 12 t4 t 11




ttH production
- Results are consistent with Run |

Conclusions

- Sensitivity is already comparable or slightly better than Run |
- Able to reach ~40% precision on ttH signal strength with ATLAS and CMS

2015+2016 data,

- More data is needed to evaluate if the Run | “u~2 excess” (though compatible with

SM) is not a fluctuation.

We analyzed ~13 fb-1 : still ~23 fb-1

of 2016 data to be analyzed

‘._'_| : T T T | T T T | T T T
£ 59 ATLAS Online Lum
2 - [ LHC Delivered

_é 40 :_ |:| ATLAS Recorded
3 _ Total Delivered: 38.9 fb™
o - Total Recorded: 36.0 b’
Q 30 __

§ B

g N

€ 20—

o B

O -

— 10 —

B |

inosity

| T T T I T T T
s =13 TeV

Illllllllllllll

uoneiqied gi/z

0 1 Il 1 1 | 1 |
18/04 16/05 13/06 11/07

08/08

05/09 03/10 31/10
Day in 2016
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CMS ttH,H—bb

CMS HIG-16-038

Most sensitive channel : 6 jets, 3 b

Process

tt rate up/down [%]

ttH rate up/down [%]

Category Observed Expected
4 jets, 4 b-tags (low BDT) 46.9  53.0M350
4 jets, 4 b-tags (high BDT) 12.8 139746
5jets, > 4 b-tags (low BDT) 20.0 17.2fg:§
5 jets, > 4 b-tags (high BDT) 6.0 6.1739
> 6 jets, 3 b-tags (low BDT) 121 18.1139
> 6 jets, 3 b-tags (high BDT) 5.8 7.7133
> 6 jets, > 4 b-tags (low BDT) 9.6 94733
> 6 jets, > 4 b-tags (high BDT) 6.1 431312
lepton+jets combined 1.8 21159

Jet energy scale +12.6/ —11.8 +8.4/ —8.0
Jet energy resolution +0.2/-03 —0.0/ - 0.1
Pile-up +0.1/ —-0.1 —-0.2/ +0.1
Electron efficiency +0.5/ —-0.5 +0.5/ —0.5
Muon efficiency +04/ —04 +04/ —04
Electron trigger efficiency +12/-12 +13/ —-13
Muon trigger efficiency +0.8/ —-0.8 +0.9/ - 0.9
b-Tag HF contamination —9.4/49.8 —2.6/ +2.8
b-Tag HF stats (linear) —-3.1/ +3.3 —25/+27
b-Tag HF stats (quadratic) +2.6/ —24 +24/—-22
b-Tag LF contamination +7.1/ —-5.2 +58/ —4.5
b-Tag LF stats (linear) —2.0/ +44 +0.5/ 4+ 1.5
b-Tag LF stats (quadratic) +2.1/+0.2 +1.5/ +0.5
b-Tag charm Uncertainty (linear) —11.1/ +14.9 —3.1/ +41
b-Tag charm Uncertainty (quadratic) +0.5/ —-0.5 —0.0/ +0.0
Q? scale (tt+LF) —62/+75 —
Q? scale (tt+b) —1.7/ +2.0 —
Q? scale (tt+2b) -11/+14 —
Q? scale (tt+bb) —2.0/+25 —
Q? scale (tt+cc) —43/ +54 -
PS scale (tt+LF) +4.8/ —9.0 —
PS scale (tt+b) —-09/+0.7 —
PS scale (tt+2b) —0.8/ 409 —
PS scale (tt+bb) —1.5/+27 -
PS scale (tt+cc) —-3.9/+3.0 -
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CMS ttbar+W/Z with ICHEP dataset

CMS TOP-16-017

Background to ttH multi lepton searches
- At 13 TeV, cross section ~x4 relative to 8 TeV
- t1tW with 2Iss: BDT using event kinematics: 3.96 (2.60) observed (expected)
- ttZ with 31,4l : counting events classified by jets/b-jets multiplicity: 4.60 (5.80)

.. -1
CMS Preliminary ~ 12.9 fb™'(13 TeV) CMS Prellmlnary 129" (13 TeV)
UAOO | | | | | | [ § : T T T T T T T T | T T T | T T T | T |:
-'GC_; i nonprompt lcharge mis-ID X wz : '_,'\‘2200 = = 2-D best fit =
= - — 68% -
L|>J B rare .th +data 7// uncertainties 1 © 2000 = — 95% 222:33: =
300 ] 1800 —1-Dbestfit —
L . 1600:— =1-DfiZ+1c I
C 1 DttW+10o o
- 1400F ‘/ RN tiZ theory —
200 | 2|SS Pl’e-flt 1200:_ ‘%//— < ttW theory =
I 1000 . —i
: : 500 R Nt
1001 —_ 600 7 -
o wathz = 400F- =
i W mﬁ%ﬁ —— 200 .-
| | I 0 : 1 | 1 1 | 1 | 1 g | | | 1 1 1 1 1 1 1 1 1 | 1 | | 1 | E

+a+ atat 0 200 400 600 800 1000 1200 1400 1600 1800
Total u*u* p*e* e*e* WU pe ee . [fb]
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ATLAS ttbar+W/Z production at 13 TeV

ATLAS arXiv:1609.01599

- ttW with 2Iss (dimuon only), 3I: 2.26 (1.00) observed (expected)
- ttZ with 3| (on-Z region included),4l : counting events classified by jets/b-jets
multiplicity: 3.90 (3.40)
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