Z(vv)H(bb) vs Z(vv)H(t7)
measuring also H(bb)H(tautau)?
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Minimum p-value corresponding to
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Higgs production and decay

-leplep: H» 17 = 2l + 4v BR = 12.4%
- Lep-had: H—= 117 = | + Thadvis + 3v BR = 45.6%
- Had-had: H= 17T = 2Thadvis + 2v BR = 42%

® Concentrating on highest sensitivity phase space regions
- VBF category, target YBF production mode: 2 jets with leading (sub-leading) pr >

40-50 (30-35) GeV, An;; cut
- Boosted category, making the most of ggF production: Higgs pr > 100 GeV

- Rest category used in had-had to constrain backgrounds

Higgs

Forward
Decay

tagging
Jets
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® VBF vs ggF results consistent with

® Bestfit values: piggr = 1.17130, pyeryn = 1.670807

Uncertainties on p:
® Statistical: £+ 0.3

¢ Systematic: +0.3/.0.2
* Theory: +0.3/.0.2
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Combined results

¢ Mas: compatibility studied building a mass spectrum weighting each event by
In(1+5/B) (S/B) from corresponding BDT score bin
* Excess consistent with my = 125 Gey  Significance: 4.10 (3.20 expected)
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® VBF vs ggF results consistent with SM expectation
® Best-fit values: ggr = 1.1, pyereyn = 1,608,



Systematics

® Main systematics ranked by their impact on p in the fit
® MC statistics uncertainty Ay = 0.5

Source of Uncertainty

Uncertainty on u

Signal region statistics (data) 0.30
Z — {{ normalization (TiepThad boosted) 0.13
ggF dﬂ'fdpfr" 0.12
JES 75 calibration 0.12
Top normalization (7i¢pThag VBF) 0.12
Top normalization (7iepThad boosted) 0.12
Z — {f normalization (TjepThaa VBF) 0.12
QCD scale 0.07
di-Thaq trigeer efficiency 0.07
Fake backgrounds (TiepTiep) 0.07
Thad 1dentification efficiency 0.06
Z — 47~ normalization (TiepThad) 0.06
Thad €NETEY Scale 0.06




Immediate perspectives

¢ Goal is now a paper, plan to circulate draft in March — in time for the combination
schedule
- Minimal changes planned, mostly consolidation, inclusion of 7 TeV data and
finalisation of cut-based results.
- Not tighting the schedule re-inclusion of low sensitivity categories and VH

EI'IHI'IHEIS.

Pisa: be acquainted with the analysis tools developed
by Z. Zenonos, now at Gottingen.

A collaboration with the GottingenUniversity
could be also feasible.



ATLAS-CONF-2013-07/9

Search for the bb decay of the Standard Model Higgs boson in
associated (W/Z)H production with the ATLAS detector

e W/Z leptonic decay, H bb decay

my = 125 GeV at 7 TeV

Acceptance [%]
O-lepton  1l-lepton 2-lepton
Z — 2.3 0.0 0.7 8.2

W — (v 107.1 )2 3.5 -
L — vy 36.4 2.2 - -

my = 125 GeV at 8 eV

(W/Z)(H — bb) | Cross-section X BR [fb]

Acceptance [%]
O-lepton  I-lepton  2-lepton

(W/Z)(H — bb) | Cross-section X BR [fb]

Z — L [5.3 0.0 0.9 8.4

W — (v 130.2 (.2 3.3 -

Z— vy 45.5 2.5 - -
—

Acceptances O(= %)
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0,1,2-leptons analysis
in O-lepton expected : 30, «mesured »: 5.4
effect of the global n=0.2

2-jet. 2-tag sample

O-lepton 1-lepton 2-lepton

Process Emss [GeV] PEIGeV] PrlGeV]
120-160|160-200| =200 0-90(90-120(120-160|160-200|= 200 0-90(90-120{120-160|160-200|=200
F — vy 1.6 0.9 1.0 <. 1 =1 =<1 =<1 =01 <=0.1 =1 =01 =1 <0.1
7z — £F =0.1 <0.1| =0.1 0.2 <0.1 <0.1 <. 1| =0.1 2.1 0.5 0.4 0.2 0.2
W — £y ——Gé\mi 7.6 1.7 1.2 1.0 1.1| =0.1 =01 =01 <01 =0.1
VH total 2.0 1.1 1. 7.8 1.8 1.2 1.1 1.1 2.1 0.5 0.4 0.2 0.2
VH expected 11 5.8 6L> 42 9.5 6.6 5.6 6.1 11 2.7 2.2 1.1 1.2
Top 3 2763 729 359 113 40 166 32 8.0 .5 =01
W+c. light 21 5.3 2.7 6lo (%] 27 12 7.8 =0.1 <0.1 <01 <01 <=0.1
W+b 30 10 6.1 909 106 49 25 19 <0.1 <01 <01 <01 <0.1
Z4c. light 23 8.1 5.2 22 2.1 0.5 0.3 a1 a1 12 5.6 1.6 1.0
Z+b 226 71 39 o7 13 3.9 1.8 0.5 938 146 a4 14 8.3
W 0.5 0.1 0.1 11 1.0 0.7 0.3 0.2 <=0.1 =01 =01 <01 =0.1
N 26 11 10 145 20 12 7.6 6.5 a0 5.6 4.5 2.2 2.1
Multijet 4.8 1.1 0.7 1306 45.6 8.7 4.8 0.4 <0.1 <0.1 <01 <01 <=0.1
Total Bke 4901 141 T2 5869 981 460 165 T4 1255 190 82 18 11.4
=T = 10 += 3 =+ 2 + 64 = 16 = 9 + 4 + 3| = 24 + 4 =+ 2 = 1|= 0.5
Data 502 143 90| 5916 990 458 162 TOl 1282 204 70O 22 5]
S/ B 0.004 0.008( 0.02( 0.001] 0.002 0003 0006 0020002 0.003 0005 001 0.02

3-jet, 2-tag sample

O-lepton 1-lepton 2-lepton

Process E-'}‘i“ [GeV] p%’[GeV] ;)%[Ge\"]
120-160(160-200| =200 0-20(90-120(120-160({160-200|= 200 0-90(90-120{120-160(160-200|=200
Z — vv 0.4 0.2 0.3 <01 <01 <0.1 <0, 1| =0.1| <=0.1 <01 <01 <01 <0.1
7z — EF <01 <0.1| =0.1 0.1 <0.1 <0.1 <0. 1| =0.1 0.9 0.3 0.2 0.1 0.1
W — £v =1 LW 1 2.1 0.6 0.5 0.5 0.6 <0.1 <01 <01 <01 <0.1
VH total 0.5 0.3 0_4> 2.2 0.6 0.5 0.5 0.6 0.9 0.3 0.2 0.1 0.1
VH expected 2.7 1.6 1.9 12 3.2 2.6 2.8 3.4 4.9 1.4 1.1 0.6 0.7
Top = e 13 4444 1171 592 238 121 114 22 5.5 0.3 =01
W+c. light 7.1 2.1 1.2 189 23 11.7 6.8 5.4 <=0.1 =0.1 <01 <01 =0.1
W+b 12 4.7 3.3 318 36 21 14 12 <=0.1 <01 <01 <01 <=0.1
Z+c, light 6.3 2.8 2.5 8.8 0.9 0.4 0.2 0.1 53 9.6 4.5 1.4 1.2
Z+b 59 26 17 56 6.9 2.5 1.4 Q.7 509 o1 45 12 7.6
W 0.2 0.1 0.1 4.0 0.5 0.3 0.1 0.1 <0.1 <01 <01 <01 <0.1
N 3.7 1.8 2.3 31 4.7 3.1 2.5 3.7 20.1 3.1 1.6 Q.9 1.2
Multiyjet 3.1 0.6 0.4 425 17 5.5 3.0 0.8 <=0.1 <0.1 <01 <01 <=0.1
Total Bke. 260 82 40| 5476 1260 637 266 143 696 125 57 15 10
= =+ 6 + 2 + 1 + 57 + 17 = 11 + 7 + 5 =16 + 3 + 2 = 1 + 1
Data 287 59 40| 5523 1233 639 249 154 734 119 56 13 9
S/ B 0.002 0.004(0.009(0.0004]0.0005] 0.0008 0002 0.004(0.001] 0.002 0004 0008 0.01
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(W/Z)H strength
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CMS: result OK with the SM Higgs cws pas HiG-13-012
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Second important fermionic decay: tt (7%)
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H->tau-tau instead of H->bb ?

o(Z(vv)H(tt)) is 6 fb instead of 45 a 8 TeV
o(Z(vv)Z(tt)) is 80 fb instead of 429 a 8 TeV

S/B=0.1 (bb) ; S/B~0.07 (t71)

Irriducible background (QCD) Zbb absent in tt

Efficiency in (bb) = 2% (0.5 da b-tag, 20% da
(trigger MET)

Efficiency (tt) Trigger + better ID??7?
FTK at work to improve the trigger efficiency:
MET threshold lower + (b,tau)jets



Further problem for Z(vv)H(tt)

TVIS+V
,71

T TVIS+V

H

.
P
.
.
L:

V u"
. ..V .
Is it sufficient to use the visible Tt mass?
To recontruct the full tau momentum we need 1‘5‘%7
:Collinear approximation : «MMC»

—>Vr = VIS —>Vr — meas 9

can we assume thay in average ,pr =pr =Pt =D+

can the use of a "global" transverse mass be useful" ?

we would like to check these correlations with a MC truth..



H->tau-tau instead H-> bb

with hadronic W and Z?

o(Z/W(hadrons)H(tt)) is 53 fb instead of 470 at 8 TeV
o(Z/W(hadrons)Z(tt)) e’ 560 fb instead of 2800 at 8 TeV
S/B=0.2 (bb) ; S/B=0.1 (t7)

Irreducible background (QCD) Zbb absent in 1t

Note that in previous VBF H(tautau) analysis was
included also W/Z(jets)+H(tautau) but not optimized

Which trigger to be used?
What the role of FTK in the future data taking?



HH FINAL STATES

1 bris
V(H) o §M2 H? Se )\HHHUH 3 Z)\HHHHH

- S Triple Higgs production

4 9 XTI o -# -Extremeley challenging @(V)LHC
My ~ 125 GeV established @LHC I\*\}_ _H 0.06 fb @ LHC14
4 R 9.45 fb @ VLHC (200 TeV
M 5' s 2V2ﬂy 9 D 2 Plehn, R@auch, hep—phx(DSOT’le )

M2
/\HHH T /\HHHH Ty 2~ U.13

Let’s measure the self coupling A
In the trilinear coupling :
Deviation from SM: new physics



9 DO000000  H 9 50000000 < -—--—-H
//
dy __< dy A
b
~N
9 TOOTOOTO “H 9 OO0 —————— — — — H

Eboli, Marques, Novaes, Natale, PLB 197(1987)269; Glover, van der Bij, NPB 309(1988)28:
Dawson, Dittmaier and M. Spira, PRD 58(1998)115012

o(gg —+ HH)10 ~ 171b 14TeV LHC
M ~125 GeV
o(gg — HH)nLO ~ 33 fb -

Theoretical error (mostly scale variation): ~ 20% @NLO

o(pp — HH + X) [fb]

1000 } Mu = 125 GeV gg — HH

Lo QcP

10 o qf — WHH]

qq —+ ZHH

1.0 QO e

['] ; l 1 1 I 1
8 25 50 5 100
/5 [TeV]




HH decays
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Most promising bbtt




First attemps of an analysis in ATLAS

(Danilo Enoque Ferreira de Lima, Cristina Oropeza Barrera)

3000 fbt?
e HH = bbtt: B.R.=0.57 x0.06 =0.04

e |epton-hadron decay of the Tt system

 Backgrounds: tt
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Yields (electron channel, MMC)

Presentation at the Higgs prospects
Meeting 22/01/2014

Sample Pre-sel. e lepton Mpp My mys PT .bb
Signal (Asm) 1738.07 900.69 427 .54 203.84 167.78 124.36
Signal (0Asm) 3038.27 | 1542.59 720.68 329.37 265.91 182.81
Signal (2Asm) 930.40 476.16 229.32 112.97 103.19 84.64

tt 6042540 | 3019670 | 145922 | 18424.5 4790.37 552.73
=TT 979701 514296 | 41107.5 | 10639.7 5591.13 5407.86
W — (v 12454.6 | 5229.28 534.63 0 0 0

WH 58.55 34.99 12.138 0 0 0
ZH 274.28 138.64 49.43 0.58 7.07 5.97
ttH 1654.09 787.48 40.41 4.30 1.72 0.86
tt W 2722.45 | 1335.12 64.699 | 8.64128 3.32 0.89
ttZ 2491.57 | 1259.58 41.37 4.59 4.59 4.60
All backgrounds | 7041900 | 3542750 | 187772 | 29091.3 10398.2 5972 .91
5/\/§ (0OAsm) 1.14 0.82 1.66 1.93 2.61 2.36
S/B (0Asm) 0.00043 | 0.00043 0.0038 0.01 0.0255726 | 0.030607
S/x/g (1Asm) 0.65 0.48 0.99 1.19 1.64 1.61
S/B (1)\sm) 0.00025 | 0.00025 0.0023 0.0070 0.016 0.021
S/\/E (2Asm) 0.35 0.25 0.53 0.66 1.01 1.09
S/B (2Asum) 0.00013 | 0.00013 0.0012 0.0038 0.0099 0.014




Yields (muon channel, MMC)

Sample Pre-sel. | p lepton Mpp My mr2 PT .bb
Signal (Asm) 1738.07 837.40 370.14 188.38 169.98 132.45
Signal (0Aswm) 3038.27 | 1495.75 | 623.98 279.50 229.64 173.74
Signal (2Asm) 930.39 454 .24 200.31 95.43 89.02 72.84

tt 6042540 | 3025380 | 139841 | 18240.2 | 5343.1 368.49

Z =TT 979701 465436 | 142155 | 443.66 443 .66 147.67

W — (v 12454.6 | 7225.38 | 604.84 20.09 20.09 20.09

WH 58.54 23.56 9.28 0.71 0.71 0.71
ZH 274.27 135.66 44.34 9.05 6.76 5.84
ttH 1654.09 866.57 35.24 8.59 4.29 1.72
ttW 2722.45 | 1386.97 | 59.8244 4.87 1.655 0.44
ttZ 2491.57 1232 64.358 13.791 0 0
All backgrounds | 7041900 | 3501690 | 154875 18741 | 5820.18 | 544.982
S/VB (0\sm) 1.14 0.79 1.58 2.04 3.01 7.44
S/B (0Asm) 0.00043 | 0.00042 | 0.0040 0.014 0.039 0.32
S/VB (1\sm) 0.65 0.44 0.94 1.37 2.23 5.67
S/B (1)Asm) 0.00024 | 0.00023 | 0.0023 0.010 0.029 0.24
S/VB (2\sm) 0.35 0.24 0.51 0.70 1.17 3.12
S/B (2Asm) 0.00013 | 0.00013 | 0.0013 0.0051 0.015 0.13




Tensione in MSSM per h (125): NMSSM?

» Singlet (SU(2)xU(1)) superfield S coupled (A;) to Higgs superfields
H,Hy (Yukawa : Ag SH, Hy,

* 3 neutral higgs CP+ (+ 2 CP -), h, (quello misurato) h; (H in MSSM)
mixing matrix for the 3 scalar higgs: CP+

{ i 7 7 i r . r O " I - ;
(202A% —m?% —m%)cosBsinS  m?cos’ B+ mEsin?B+62 vM,

m% cos? 3+ m? sin? 3 (202X2 —m? —m%)cosFsin 3 v M,
M? ‘ ' '
v M vM, M3

the basis H = (HY, H?, S)T.

Singlet decoupled: m,, >>m,, , m,;(simile al MSSM)
 Hdecoupled m;>>m,; , m.,,



H-decoupled: the most interesting
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h trlple couplmg
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Figure 7. H decoupled. Isolines of thh/ggﬁ Left: A = 0.8 and vg = 2v. Right: A = 1.4 and
vs = v. The colored region is excluded at 95%C.L.



What next?

run 2015-2021(300 fb-1)

supersymmetric particles ? (sensitivity™~ 2 TeV?)
triple hhh coupling (SM) difficult

couplings hVV hff (precision ~20%, CP Higgs in
fermions)

New Higgses (MSSM) or NMSSM: possible (hopeful)

. Run 2023-? (3000 fb-1) coupling hhh,
precision mesurements of hVV hff ( ~ %)



