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Flavor physics <=> precision test => good for HL

mass reach! (Lumi) 7

AfSlow progress in energy frontier, still conventional searches shou
push forward(will be done in any case regardless of what we discuss toda

More infoO e.g: Salam-Weilerhttp:/collider-reach.web.cern.ch/collider-reac

~ 1 1 s
mass reach! (Lumi) 22 — % f /

AfFaster progress in Oprecision frontierO, not toophigsics scale,

relatively weak coupling <=> this talk E
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http://collider-reach.web.cern.ch/collider-reach/

Outline

AfIntro: top and Ravor

AfThe case for top FCNC & its challenge, lurking Standard Model (SM) backgrt

AfTop B-phys., alternative incl. & excl. way for precision Ravor tests at the LHC

ASummary.

AHL Higgs-to-light projections:
powerful inclusive (charm); miserable excluspsatLas ht J/1m )



Intro: top & Ravor (post LHC1)

AfThe top is a quark, a part of the [3avor segiorenough for a dedicated talk)

AfSpecial among quarks, reinforced by LHC1;

SM: the largest Yukawa, but actually almost |,
maximal because of perturbativity - |
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Degrassi, Vita, Elias-Miro, Espinosa, Giudice, Isidori & Strumia (1
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Top and Ravor, potential progress at the LHC & HL-LHC

AfThe (established) top-Higgs couplings suggests that itOs linked to new physi
related to electroweak symO breaking and/or the hierarchy problem.

AfThere are many forms in which top-phys. probe NP scenario. The charge: nc
discuss "top" as a signature of othey.BSM particles, but top In its own
Focus on 2 case studies, potentially relevant to HL-LHC.:

() t-FCNC, clearly rare process but also well motivated theoretically (see belo

(i1) t-bphys: leptonically decaying top => Ravor-tagging b-quark => 3avor facto



tFCNC as new phys. probe,
experimental challenges & opportunities




tFCNC status & EFT

AGIM+loop:t! c,u Z/nt SM null test. Br(t — ¢Z.4.G) ~ 1012

(Diaz-Cruz (89); Eilam, Hewett & Soni (90))

ot! gZ:

Br(t! qZ)<0.05% CMS-TOP-12-037
@ t! gh:

Br(t ! ch)<0.56% CMS-PAS-HIG-13-034
@ qg! t:

Br(t! ug)<3.1" 10'°% Br(t! cg)<1.6" 10'* ATLAS-CONF-2013-063
@ qg! t!:

Br(t! u!)<0.0161%, Br(t! c!)<0.182%
(assuming tug vanishes)
Cen Zhang, Top14.

CMS-PAS-TOP-14-003

Runll projections LHC (see HL below)HC ooy BR(t — ¢Z.~) > 1075,

(Carvalho, et. al (05))

AfEffective beld theory (EFT), consider cZfor simplicity:

7! Mer (H buH), g " c (H E)uH) and € !H" 3¢ (H "3buH).
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tFCNC status & EFT

AfEffective beld theory (EFT), consider cZfor simplicity:
&! Hcr(H buH), g ! M e (H buH) and g !""3c (H "3buH).

AfGeneric NP tale:

: 2 4
BR(t! CZ)ams " 52 # VE# Yt
# ’ $ | n
2
L R - 4
' 10 5# (200,0.3,2)# Y, um, m 4 100CeV
) 5 I 3TeV 4 anarchy, LH-MFV, RH (Ravor models)
I e
].() ## ‘WVTT——

generic reach

AModel predictions:

(i) almost impossible for loop induced NP;
(i) only< TeV NP can be probed, preferably \w RH, non-MFV structur

(i) generically fulblled by composite Higgs models, \w no extra thO dffort
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2 slides on composite Higgs ¥>c”Z

elementary, composite,

SM-like massless quarks | [ s full non-linear SO(5) /SO(4) massive content
q’uad Q:};,Uj;+...+EW+H
Chiral gauge theory Linear mixing Vector-like gauge theory
1 m :
mf1 1t 14 yCKM /L \yR| 'L ¢ same structure as in EFT
L R ’ 17 m,VCKM
“ Lty

See.
Gherghetta & Pomarol (00)

Huber & Shafi (11)

Atrl crZ In composite models could IErge agasnecresonios )

: 2
z BR(t! €Z)gme " & #VA# oy

N # !$2|

\\‘ ! "4
\k




Composite naturatr cZ

At! cZ in custodial composite models coulddreall

Agashe, Contino, Da Rold & Pomarol (06)
\ 4 BR(t! CZ)dims " ﬁ # Vi # e
\\‘ _ n 4
' 10 °# 200 2) # V23 ‘ 700 GeV
@ @ ( @ ) m thb M
D Or
At! cZ in natural custodial composite models shouldabge
As both LH & RH tops needs to be composite, Azatov, Panico GP & Soreq (14)
' 700 * ’
BR(t% cz)" 10 ° Ve

AfTwWo extra generic predictions:
(1) tops should be RH polarized; (i) should be a charm (tagg

Azatov, Panico, GP & Soreq (14)
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The SM semi-irreducible background

AtZ] Inthe SM Is important once BR( cZ) < 10°Is reached.

Campbell, Ellis & Rontsch (13)
\ILLK/?" r;i//'r'
u d u d
(@ ®)
u d u
§ ;
b t b t
X:z/ " (@ @ i’-ﬁz\/"
u d u d u d
w v w
b t b t b t
() ® ®

Af Current bound is BR{ c2)~ 5x104, more serious studies
required before the experimentalists actually go belofh£10

| apologise If it exists but | failed to Pnd it.
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The SM semi-irreducible background

ASimilar story for BR(! ch) for NP, but with suppression:

Agashe & Contino (09)

& Y0 &
1orc y miMc 700 GeV ~ 700GeV o .
Vier % 7 12Me % - %4810 7 T . 700 GeV™2 "°700 GeV™?
| % &% ' & = BR(t! ch) %5& 10 ° .
P tvb 5 700GeV  700GeV f M,
Yic,r %0 —mi % —F %2& 10
! Mg F2 M f M,

Azatov, Panico, GP & Soreq (14)

AHL projection BR ! ch)~104.

ATL-PHYS-PUB-2013-012

ABackground: similar story \whj being the BG \w a twist:
Campbell, Ellis & Rontsch (13)

(i) SM thj production is small due to cancellation.

Tait & Yuan (00); Maltoni, Paul, Stelzer & Willenbrock (01)

(i) th] production => test for BSM (sign &) => large enhancemer

Biswas, Gabrielli & Mele; Farina, Grojean, Maltoni, Salvioni & Thamm; Agrawal, Mitra & Shivaji (12)

AWould be good to check how much the ch mix \w th;
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top B-physics

Qg
A v, g
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X
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Top as a Ravor factory, basic idea

Gedalia, Isidori, Maltoni, GP, Selvaggi & Soreq (1

At-decay => charge oWV is fully correlated \w the [3avor of
\  @q
W v, Q'

t=0:

b

Ab-decay => charge déptonis correlated \w the [3avor bf

no mixing (OS leptons) EX.: \w mixing (SS leptons)
@ q @ q
Vv, Q' v, q’

g t é

R \Y

W W

t=tO:

aO
o
X

b

Q
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The observables & the asymmetries

Gedalia, Isidori, Maltoni, GP, Selvaggi & Soreq (1

ASIimilar tob-factories debne same-sign asymmetry but also

opposite-sign asym(‘ASSI e S
LN e N AN EE N

ASensitive to two class of CP asymO:

() CPV In mixing; (i) inclusive CPV In decay.

o N\ | m

Y2 b! "Abc n !
ie NAEE SN %Amix o s | N*' + N!'+ = 'FbAg!ir
hloE v bl i b!‘ ¥
0.16 0.82 0.79
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top B-physicsprojections

Flavor & Top at 100 TeV: Maltoni & Soreq (15)

Sensitivity for the Asymmetries:
LA L l 6(1)# 10+ 1A% - 5

| 5(0.8)# 10 *
rel te

For CP violation only in mixing (no direct CPV):
1AL I 3(05)" 16 °
' 5=14(100)TeV L =300fb' *

Bounds on direct CP violation sources (95% CL):

current 8TeV 14TeV, 50
Al 1.2% 1% 0.3%
Adi 6% 1% 0.3%
Ad ? 1% 0.3%

Descotes-Genon and
Kamenik, 1207.4483
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Conclusions

AHL-LHC order of 13° tops => truly precision frontier

ABR(t! ch/2)~ 10>-5 well motivated in composite Higgs.

AfPolarization & charm tagging provide support

Ath/Zj backgrounds are important & interfere \w other searches

Atop-Bphys.: possible new way of doing precision [3avor physic

17
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Higgs & (3avor physics within the SM

AHiggs in minimal SM, 2 roles:

(1) induce electroweak (EW) gauge boson masses & unitarization (high-E consiste
(1) induce fermion masses & unitarization (high-E consistency)

() was already tested in a quantitative way (i) much less & mostly for 3rd (
Currently, clueless whether the Higgs mechanism is behind light fermion m

f W/Z,
— N NNANNN
AMWhat happens if we just write bare masses to fermior !
Unitarity violation: W)z,
- S NNNNNU
f
I _ 8! v?2
$ VLV sl L
qq L YL 6mb,c,s,d,u
5 (whereV_ is the longitudinal boson)
" 200 1# 10°, 1# 10%, 2# 10°, 5# 10° TeV .
Appelquist & Chanowit£87).
|
g% nV, 51 2331 52 77, 84 TeV.

Maltoni, Niczyporuk & Willenbrock (01); Dicus and H.-J. He (O
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Executive sum@onstraining Higgs-charm univ.

GP, Soreq, Stamou & Tobioka (Feb/15)

AfEXisting data already constrain Higgs-quarks Univ..

(i) Direct constraint: recadtH(bb), taking advantage of 2 working poli< 230 §

(i) the recent ATLAS search tolh J/!" (see later) yieldCc < 220;

(assumes Higgs coupling to two photons and/or four leptons is not signibcantly modibed by new physics);

(iii) the direct measurement of the total width yietd 140 (aTLAS), 120 (CMS]

(iv) Global bt to the Higgs signal strenqmg 6

(v) tth data ::I’ Ct > 1.0 (equivalence t6c >310)| @@= Higgsuniv. excluded!

GP, Soreq, Stamou & Tobioka (Feb/15)
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#1 Direct constraint: recastH(bb)

GP, Soreq, Stamou & Tobioka (Feb/15)

Aldea use several charm-tagging working points of ATLAS & CMS in
VH(bb)analysis.

! BRbg BI»SM AP where "y, , and "¢, , are @ ciencies to tag jets originat-
Ho = | SM # My + CSM - l" 2 e ing from bottom and charm quark, respectively. . is
+ SM BRbg Brb b1 b2 normalized to be 1 in a case of the SM.

ATLAS#CMS !stat#MC error”

AEach working point yields 3at direction: .

o ——P ATLAS Tight

ATLAS |Med|Tight [|CMS |LooseMedl1|Med2|Med3
'y |70%| 50% || ', | 88% | 82% | 78% | 71% ol

lc 20%| 3.8%]|| . | 47% | 34% | 27% | 21%
2 GP, Soreq, Stamou & Tobioka (15) ]
1200 1100 0 100 200 300 400 500

AHowever, combining points => boun@eproducing ATLAS/CMBbb bounds to 10-20%
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New production mechanisMH(bb)

GP, Soreq, Stamou & Tobioka (Feb/15)

M= -2 B _o\w SMVH-production! ¢ < 30 =-n0 constraint ony.

O'SM BI’C

AHowever! ¢ <3ofor largecc ssonew production mechanism:

5 V H enhancement at LHC8 (MG, cuts from CMS analysis)
[[—— 100< lp (W)/ GeV < <130 L ,"/ 4

[| = = 130<pt(W)/GeV < 180 . R4

. Ve H [ - - 180<pr(W)/Gev A ., ,’
P - — — - — - [| =—— 100< MET( Zy )/GeV < 130 . Sy ,
41 = = 130< MET(Zy )/GeV < 170 S S

- 170< MET( Zy )/ GeV A Sl
100<pt(Z~)/ GeV < 130 J R4
<pT(Z~) GeVv . ’

SM
pp! VH

X
VH/|

L

4
' pp!

Ce :yc/Y§M

No runaway forCc === | Cc<250




Constraining Higgs-quark universality #2+3

AWidth bound: 1, < 2.6 GeV(ATLAS), ! < 1.7GeV (CMS) =»Cc < 140, 120|.

GP, Soreq, Stamou & Tobioka (Feb/15)

Aflnterpretation of ATLAS recent h! J/!" (1501.03276) #(pp! h)" BRn s~ < 33fb,

AfThis implies (see later): g = 1.42($ — 0.08%)° x 10 8 GeV

Bodwin, Petriello, Stoynev & Velasco (13); Bodwin, Chung, Ee, Lee & Petriello (14)

N . . . . #(pp' h) " BRh! MR I hi g/ 1 ($ # 0087$C)2 " "o
Ry 7 = = = 2.79 10 -,
AfGetting rid of production:ry . ; TR - pe— 2
Ry z = 8D o3 e |cc < 210y +1lc¢ .
Hzz' #MBRR 7211 44

(LEP: ¢y =1.08+ 0.07)

23 GP, Soreq, Stamou & Tobioka (Feb/15)



Summary plot, current situation

GP, Soreq, Stamou & Tobioka (Feb/15)
| | | | | | |

m" #
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Higgs to light quarks sensitivity -
projections for HL-LHC

GP, Soreq, Stamou & Tobioka, to appear.



Inclusive, charm-tagging

Hb

'y ¢ I

b-tagging 70% 20% 125% ATLAS, arXiv:1501.01325.
ctagging I  13% 19% Q5% 4/ 0w Jy SM
c-tagging Il 20% 30% Q5% ¢ YelYe
[fb—1] 20300 2 3000
ke ! [0, 21] [0, 3.7]
LHC run Il and HL-LHC prospects (uncorellated) LHC run Il and HL-LHC prospects (uncorrelated)
- GP,.Soreq! Stam;)u&Tlobioka.pre I . rhedilllm+cl-tag .” . 10 Probling.; @.950/:) CI._ ] . . e
- —_—— 11 A i 1
o) Sl < b [fb' 1] 2300 2 3000 :
: — 2! 3000fb" -+ - 1p,"  [0.7,47] [0.9,1.3] .
L5F ) SR [0,21]  [0,3.7] paly
[ GP, Soreq, Stamou & Tobioka prelim. ,// ///
- | /96)0@ //
1.0 = = b // //
X yd s
2~ A /
[ P /// p ///// ///
0.5 _Proﬁling i ”/,/ %‘,ﬂc/c // //
- [fb' 1] 2300 2 3000 N ,//’6 Yyt medium+c-tag ||
[ opp = 0.2 0.1 1 " ’;50/0 // // ——= 2! 300fb' 1
! He = 10.3 3.7 i 70 e // —— 21 3000fb' 1
0.0 . ] . ] . ] . . ] . 1 R AR | L L L
60 140 ! 20 0 20 40 60 1 10
Hc e
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Exclusive projections

" ATLAS result, mapped out the dominant BGfhBRy/ 1+ < 33D arxiv:1501.03276 hep-es

" Useful to define ratio that is independent of the production:
GP, Soreq, Stamou & Tobioka (Feb/15)
#nBRy - INVE 28x 10 2,% — 8.7 x 10 20/@#2/0/6, M = J/!

Ry 7z = ~ = ] )
“f T #BRzz i 4 Tzz'1 a 24x10 % % —2.6x 10 30/@,#2/%7;, M=2$

Bodwin, Petriello, Stoynev & Velasco (13); Kagan, GP, Petriello, Soreq, Stoynev & Zupan (14)

BRY. =2.9%10° BR§" =3.0$ 10 % BRY,, , =1.25$ 10 4

" For a given upper bountdy, , on an exclusive mode, we can write:

Ay BRw" o, #,BRy, -
’ M #SMBRIM,
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Exclusive, deriving the bound

' For a given upper bound we find the following bound:

w

W

11% %10% [y, /Mzz: <% < 11% +10% My, Hzz! ,

$

$

380% %380% g/t zz: < % < 380% +380% MHg/ilzz: .

GP, Soreq, Stamou & Tobioka (May/15)

" To project define the following ratios:

' Projection ford/ " |

RsE

UME = MM, s (

. SEM/Be
SgV / Bg’

1 )1/2
Rpe RL g RsE ’

. Oht . LE
Rpe " —u R e I
Oh,8 8

ke < 11+ (75, 42)

Y0

1

W o &
2 % (300,3000)fb 1°

0

RsB. 14

I—14

0

/4

/, assumingzz: = % = % =1
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Exclusive, deriving the bound

S I4BR(h" %)L BR(%" KTK™) &
Sy:  !'nBR(h" J/#$)LBR(JI/#" ptp-) &,

where &, | (+) is the triggering and reconstruction eficiency

' Ratio of signals:

' Backgrounds: ATLAS=> dominant is jet -> photon + Q@Y production.
By _ !(pp" %)P(j " $)L BR(%" K*K') &

Even more so expected fér : = Sl ,
P Byy !'(pp" J#])P( " S)LBRUI/#" pru') &y

BR3M: ! (pp" %) BRI/ #" ptp' )&

He = Han BREM ! (pp" J/#j) BR(%" KFK') & = 035 !!(p(g?" J;/Z})ggé!
" For tight selection (ATLASP( " $) $ 2! -10; & using PYTHIA to simulate
QCD BG, and rescaling froma/!* | : '(;gp J;/Z)J)ﬁpythia $ 85.
' Projection for %9 :
* 1 21 (300,3000) 1 M

", < 380 + (2900, 1600)
SB, 14 L 14

GP, Soreq, Stamou & Tobioka (May/15)
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Summary

Inclusive (c-tagging): ! ¢ < 4,
Exclusive (J/"# ). ! . < 40;
Exclusive ($#): ! ¢ < 2000.

GP, Soreq, Stamou & Tobioka (May/15)

" C-tagging based analysis is just OwaitingO for someone to dominate the field.

" To iImprove on the exclusive miserable situation, one needs to device new me

to use the OquietO nature of the Higgs decay. (new class of jet substructure)

AWhat about CMS? Impact of ATLAS new IBL? LHCb?
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