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Outline

¢ Intro’: Higgs & flavor physics within the Standard Model (SM) & beyond.

¢ Charming the Higgs, inclusive vs. exclusive approaches.
establishing Higgs-quark non-univ. & more.

¢ Comments on the Relaxion framework.

¢ Conclusions.



Minimality of the SM Higgs Mechanism

¢ Higgs in minimal SM, 2 roles:

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

mw,z # Ok"‘“v .

tested by h—WW?*ZZ*

we know it’s there, connected to the background value, no idea why 1t is light,
the hierarchy problem ...



Higgs & flavor physics within the SM

¢ Higgs in minimal SM, 2 roles:
(1) induce electroweak (EW) gauge boson masses & unitarization (high-E consistency);

(1) induce fermion masses & unitarization (high-E consistency).

mw,z;é()k‘“‘v : P hy |

f
h
tested by h—WW* ZZ* f> el e

Yukawa couplings

u ATLAS+CMS
Tested only weakly; r 0.97+0.23
only for the 3rd generation: b 071203

t 2.240.6 (Moriond)
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The other hierarchy (flavor) puzzle

¢ The SM flavor parameters are small & hierarchical:
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The other hierarchy (flavor) puzzle

¢ Maybe we’ve looked at 1t the wrong way?




Two extreme views

(i) Enhancement: Higgs Mechanism 1s also behind flavor generation.

Giudice & Lebedev (08); see analysis by Bauer, Carena, Gemmler (15)

Miight  (A)" Milight

X light € (n 4+ 1 SM: n=0
To solve flavor puzzle: n ~ 1 + log(y>M)
. y(h) dm h dlogm
More generally. . ™~ dh X m dlog h ~ Ngpectral
i
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Second limit: Yukawaless light fermions

I (i) Flavor & EW are linked, H 1s unrelated to (light) flavor => see
flavor origin by eye:

Ghosh, Gupta & GP; see also: Altmannshofer, et al. (15)

mixing (Vep, mp+)

first 2 generation
+ technicolor

H+3rd
T generation

/ eH frcfrc, eHqight Qlight \
Miight X <fTCfTC>,>z< My, myp o< (h)
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Higgs & flavor physics within the SM

¢ Higgs in minimal SM, 2 roles:
(1) induce electroweak (EW) gauge boson masses & unitarization (high-E consistency);
(11) induce fermion masses & unitarization (high-E consistency).

(1) was already tested in a quantitative way (i1) much less & mostly for 3rd gen’.
We focus on (11), significant progress can be made.

Y

¢ What happens if we just write bare masses to fermions? !
Unitarity violation: W)z
— ANNNNN
f
I _ 8V
q@ — VLVL SSt=
6m b,c,s,d,u

(where V7, is the longitudinal boson)

" 200, 1# 103, 1# 10%, 2# 10°, 5# 10° TeV .

Appelquist & Chanowitz (87).

qq — nVr, V5 <23, 31, 52, 77, 84 TeV. .

Maltoni, Niczyporuk & Willenbrock (01); Dicus and H.-J. He (05).
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Higgs & flavor physics within the SM
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Experimental probes of
Higgs to light quark couplings



Executive sum.: Constraining Higgs-charm univ.

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

+ Existing data already constrain Higgs-quarks Univ..

(1) Direct constraint: recast VH(bb), taking advantage of 2 working point|cc < 230 ;

(11) the recent ATLAS search to h — J/1py (see later) yield|cc < 220 ;

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

(i11) the direct measurement of the total width yield

(1v) Global fit to the Higgs signal strength,|cc <6 ;

(v) tth data =>| ¢t> 1.0 (equivalence to Cc > 310).

Cc < 140 (ATLAS),120 (CMS) 5




Inclusive approach: Uncharming the Higgs,
establishing non-universality & more

GP, Soreq, Stamou & Tobioka x2 (15);
Delaunay, Golling, GP & Soreq (13)



Before talking about our work,
2 slides about an experimental progress

Charm tagging at the LHC

¢ In new ATLAS search for stop decay to charm + neutralino (7 — ¢+ 10)
charm jet tagging has been employed for the first time at LHC

ATLAS-CONF-2013-068

¢ charm jets identified by combining “information from the impact
parameters of displaced tracks and topological properties of
secondary and tertiary decay vertices” using multivariate techniques

e Mmedium’ operating point: c-tagging efficiency = 20%,
rejection factor of 5 for b jets, 140 for light jets.
#'s obtained for simulated t events for jets with
30 <pr < 200, and calibrated with data



More recently, constraining (non-deg.) scharms

+ An interesting viable possibility is anarchic squark spectrum. wir & seivers (93)

¢ Scenario still viable and the bounds on scharms are very weak.

Gedalia, Kamenik, Ligeti & GP (12)
Mahbubani, Papucci, GP, Ruderman % Weiler (13)

+ Has potential consequences for naturalness (“flavorful naturalness”).

Blanke, Giudice, Paradisi, GP & Zupan (13)

¢ ATLAS: light scharms search \w new working point for charm tagging:

Dlrect ce” c—>cX1 smglecstate
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#1 Direct constraint: recast VH(bb)

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

+ ldea: use several charm-tagging working points of ATLAS & CMS in their
VH(bb) analysis.

o BRy; BroM €, € where ", , and "¢, , are € ciencies to tag jets originat-
Hp = S —  Up + CSM L2 e ing from bottom and charm quark, respectively. p. is
osMm BR; Bry ™ €p, €p, normalized to be 1 in a case of the SM.

ATLAS+CMS (stat+MC error)

¢+ Each working point yields flat direction: .
f\» —Jp ATLAS-Tight

ATLAS|Med|Tight || CMS |Loose|Med1 | Med2|Med3
€b 70%| 50% || e | 8% | 82% | 78% | T1% ol

€c 20% | 3.8% || e | 47% | 34% | 27% | 21%
=2r GP, Soreq, Stamou & Tobioka (15) ]
~200  —100 0 100 200 300 400 500

o . He
+ However, combining points => bound.
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Summary plot ...
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An Exclusive Window onto Higgs Yukawa
Couplings to light quarks

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

sb s§ . A
db dd - N4
ds uu / H



Exclusive path towards Higgs-light quark couplings

¢ Use the eff. Lagrangian: Ly = — 0o Phe gr —  Baq —Chet gk + hec.
q=u,d,s b q7q !
1 h 1 h’ Qv h 174
+ Zm% ZZpZ“"‘Z Wm\ZN ZWUWH-F KﬂyAfy;VF“ F/,LV!

Notice that: I'q = yqly EM ,  (sorry different notation)

in the SM: ks = mg/myp =~ 0.020
Kd = mgq/mp ~ 1.0-103
Ry = My /My >~ 4.7 - 104

l€7=l€v=1




Exclusive path towards Higgs-light quark couplings

Kagan, GP, Petriello, Soreq, Stoynev & Zupan (14)
I |

¢ Use the eff. Lagrangian: Ly = — 0o Phe gr —  Baq —Chet gk + hec.
q=u,d,s b q7q !
1 h 1 h’ Qv h 174
+ Zm% ZZpZ“"‘Z Wm\ZN ZWUWH-F KﬂyAfy;VF“ F/,LV!

Notice that: I'q = yqly EM ,

where generically: |k,| <098, |kq| <0.93, |kg| <0.70
varying only one at the time (95%CL)!

|| < 1.3, |Rq| < 1.4, |Rs|< 1.4

varying all couplings (95%CL)!
|Kqqr| < 0.6(1) forq,q €u,d,s,c,band q# ¢

same for the flavor violating case

(FCNC non-robust bound: |Kb.'i| <8-1072 Harnik, Kopp & Zupan; Blankenburg, Ellis, Isidori, (12))
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Ex..h — ¢y

I'hsgy =

87Tm

| 2

+ Two paths to get h — ¢y:

direct

indirect

Ry

---*--

w O

¢ Let us understand them one by one.

21




Ex.:h — ¢y, indirect contribution

: i ‘ ( indirect 9 \
¢

]

K
¢ Two paths to get h — ¢y: e
h

. \ 2

e

g " from experiment, p—ete
.fw“f’ X Y vector meson, !/ ' fyo x
—-_— - = - ' M H —
; gy, m;.- (fs = 0.235(5) GeV )
[ 1]
- fo |, 4m7
SS indir i
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Ex.:h — ¢y, direct contribution

 girect ¢ L) ndi ;)
direct 8 ¢

¢ Two paths to get h — ¢y: ---...-@

~

ES mb f| /- from experiment, p—e*e
2 ™Mn (f?=0.191(28 )

("local” structure : 50,5 X F“y

Bauer, Pirjol, Stewart (01); Bauer et al. (02); /{,Smb I
Beneke, Chapovsky, Diehl, Feldmann (02); /\ jz Qb —f
Ball, Braun (1996); Ball et al. (2006, 2007); ( dlI'

Arthur et al. (10) 23 v
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Final result for the BR(h — gb)/)

direct " indirect

11 e
8% my, 59

2

Lhogy =

¢+ The resulting sensitivity:

BRh_ ¢y _ Fry [(3.0:& 0.3)k, — 0.78@] .10°°

BRh—)bE) 057@ 7

BRn_gs  k#|(1.9% 0.15)ks — 0.24R, — 0.12Rq| 410~°

Similar holds BRh _ 0571‘%2 )
, —bb b
for 1st generation: ~ oL,
BRh_yoe  k# (1.6 0.17)kg — 0.59R, — 0.29Rq| &410~°
BRh—)bB N 057/23% ’

24 Kagan, GP, Petriello, Soreq, Stoynev & Zupan (14)



Higgs to light quarks sensitivity -
projections tor HL-LHC

GP, Soreq, Stamou & Tobioka (15).



Summary

Inclusive (c-tagging): k. < 4;
Exclusive (J/17v): ke < 40;
Exclusive (¢7): ks < 2000.

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

¢ C-tagging based analysis 1s just “waiting” for someone to dominate the field.

¢ To improve on the exclusive miserable situation, one needs to device new methods,

to use the “quiet” nature of the Higgs decay. (new class of jet substructure)

¢ What about CMS? Impact of ATLAS new IBL? LHCb?
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Cosmological Relaxation of the Electroweak Scale
Graham, Kaplan & Rajendran, 4/15

Briefly: “Is the relaxion an axion?”

Gupta, Komargodski, GP & Ubaldi (this week)



Brief: Comments on the Relaxion Proposal

Graham, Kaplan & Rajendran (15)
1 2 2 42 " A . .
| 21 ¢?¢? H'H Orelaxed # R (assume :! $ wv)

V(p) = r2g?! ¢! v”Mf{” cos(@/f) (expect : Mx < 4mv; 4 %n > 0)

Espinosa, Grojean, Panico, Pomarol, Pujolas & Servant (15)

Controlling ¢-couplings = assume it’s a compact field, axion/pNGB.
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Brief: Comments on the Relaxion Proposal

Gupta, Komargodski, GP & Ubaldi (15)

V() =121 2¢? 1 v" M5 " cos(¢/f) (expect : Mx < 4mv; 4 %n > 0)

Under several cosmological restrictions (no time to discussed but constraints are weaker),
the relaxion will stop rolling on its first extremum:

V/(¢) =0 = Lestea > 7Ly o5 (08" ]

A > TeV = (¢) > f required to be physical.

29



Brief: Comments on the Relaxion Proposal

Gupta, Komargodski, GP & Ubaldi (15)

A > TeV = (¢) > f required to be physical.

However, pNGB/axion just correspond to a compact manifold.

A shift, @ — ¢ + 2nmf (n c Z ) lead to same physics.

This 1s a redundant description of the theory <=> discrete gauge
symm. (no field theory example breaks it)
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Linear sigma U(1) ex.

Gupta, Komargodski, GP & Ubaldi (15)

Consider spontaneously broken global U(1), (®) = f.
Non-linear mapping, ® — pexpli¢/f], p> = ®T® (p,p € R).
® — ¢+ 2mnf maps the field ® onto itself.

Any O(®), including those that break the global symmetry,

will respect this discrete gauge symmetry.
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Implications, slight parametric improvements

Gupta, Komargodski, GP & Ubaldi (15)

r> - = ! <8TeV
If sym’ is broken by two f’s fyy = nf : ! §8Te\/'><n%

v

Interesting implications for little hierarchy problem.
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A little-miraculous-familon-relaxion model

Gupta, Komargodski, GP & Ubaldi (15)

- 2n!

LI " m
L="vyiew " hLN" yh'LEN" m."" L, LS" TNNN +h.c..

U(l)nL
1 02 Qb A2 N ( ) -n
Vow(¢) ~ ——QmLmNy1y2|h “cos | - | log —~5 |
iy f m L -n
, Le n
V(h)y= 121 Mzcosf— h h+ $(h h)?, h 0
" #JV -
) | ZM 2 " eZQS/fUV 1
V( )_ 16#2 Cos fUV ! SM O
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mr 1 my 12 (Y1\2 (Y2\12 n 4

25357V (gircey) o ear) (i) (52 -
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A little-miraculous-familon-relaxion model

20

Gupta, Komargodski, GP & Ubaldi (15)

Tan 6=-2

\\
1.5F s

1.0

N ! sub-Planck = 4000 TeV

Excluded by LUX

200

600 800 100C 120(C

Figure 1: Constraints from dark matter phenomenology on our parameter space: y; = Yy cos®,
Yo = ysinf, and my, is adjusted according to the observed relic density. The blue contours corre-
spond to the following upper bounds on the cut-off: the cosmological constraints (dot-dashed), the
requirement that f yyv <M p; (dashed), and by requiring a consistent theory that does not break the
discrete gauge symmetry using (3.15) with n = 10 (solid). The region shaded in grey is excluded by
LUX, while the brown region will be probed in the near future by the XENON 1 Ton experiment.
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Conclusions

¢ Is the Higgs-mechanism behind the light quark masses?

¢ Charm coupling is constrained via charm-tagging, or exclusively.

+ Established higgs-quarks non-universality.

¢ Field theoretic parametric relaxion mechanism is challenging.

+ Still: relaxion models can address the little hierarchy problem,

\w new type of rich pheno (DM, particles etc ...).
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Exclusive modes, projections

Kagan, GP, Petriello, Soreq, Stoynev & Zupan (14)

e focusonh — ¢y, use Pythia 8.1!
® main decay modes: ¢ =K K (49%), K, K. (34%), m*nm°(15%)

e for pp—h — ¢y at 14TeV LHC in 70 to 75% cases the kaons/pions
and the prompt photon have 11l <2.4

® within the minimal fiducial volume of the ATLAS and CMS
experiments!

® adopt the geometrical acceptance factor Ag = 0.75

® do not include other efficiency or trigger factors!

% * assume k, = 1, negligible background, 3o reach hameowy, il
Té Vs[TeV]  [Ldt[fb~']  # of events (SM) ks > (<) k3 > (<)
| 14 3000 770 0.56 (—1.2) 0.27 (—0.81) &l
33 3000 1380 0.54 (—1.2) 0.22 (—0.75)
100 3000 5920 0.54 (—1.2) 0.13 (—0.63)

one detector

s : 5x SM strange Yukawa
J. Zupan An Exclusive Window onto Higgs... 15
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Future experiments

e only a few events expected at ele" colliders !
e ILC, ILC with luminosity upgrade, CLIC!
e probably too small for observation of h — #$!

e " 30 events expected at FCC-ee (TLEP) !

® too small to probe a deviation from the SM
prediction !

e 1 — #$ measurements unique to future hadron
machines

38



Experimental sensitivity

Kagan, GP, Petriello, Soreq, Stoynev & Zupan (14)

e focusonh — ¢

® mai et (15% )

S = |BRpogy — BR;SII\—{MV(CSBRh—Wv)a

where (‘' BRig,)” = BRiusgn/((nLAg) + ( BRI, )2

® adopt the ge

® do not include other efficiency or trig

no theory error

—

Vs[TeV]  [Ldt[fb~']  # of events (SM) ks > (<) ke > (<)

* assume k, = 1, negligible background, 3o reach

two detectors

14 3000 770 0.56 (—1.2)  0.27(-0.81)
33 3000 1380 0.54 (—=1.2)  0.22(-0.75)
100 3000 5920 0.54 (—1.2)  0.13(—0.63)

5x SM strange Yukawa

one detector

J. Zupan An Exclusive Window onto Higgs... 15
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Thoughts about experimental strategy

e for h — ¢y decay most promising ¢ —=K"K#

® near collinearity of the photon and the ¢-jet in the
transverse plane

® jet sub-structure information
® two close high-p; tracks in a narrow cone
® di-track invariant mass distribution assuming kaons
e 1.5% (better than 15 MeV) resolution (CMS)
e can probably be used to significantly cut on the background
® on jet+y QCD backgrounds
® on h — ¢y+nm®, n(/)(eneutr.) %

e dedicated trigger probably required to enhance the reach



Thoughts about experimental strategy

e 1 — 0° mode

® Br(p°— 1'm#)~100%

e relatively clean mode, similar to ¢ =K"K#decay
e 1 — wy mode

® Br(w— m'm#°)~89%

¢ harder to trigger on

® hard-to-identify m° smears the observable
quantities

® a detailed experimental study required

41



Flavor violating couplings

Kagan, GP, Petriello, Soreq, Stoynev & Zupan (14)

el

h

. FV modes h — B*y, h — B%*y, h — K%*y , h — D0*y
® can probe s sv, #vd,db, #sd,ds AN Hey,uc

e 1 — K%y similar expr. as h — ¢y
e but only direct amplitude

e for 4 ~ O(1) = Br(h — K%*y)~O(10-8)
e not observable at planned future colliders

BRy g0y (21£1.0)-10°7 @2 + |82
BR,, ,; 0.576F 2 |

42




The production via gg — h in pp with 8TeV are (the SMis 19 pb)

Cunosh = ( %M) 9.16 pb,
Yp
Yd ?
Odd—h = (S—> 6.29 pb,
Yv
2
Oss—h — ( ysh) 167pb7
Yp
2
Ocosh = ( Z&) 0.83pb
Yp
c Ve H
’ ______
\ 4
s w
<
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WI/Z |

W/Z,
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An Exclusive Window onto Higgs Yukawa
Couplings to light quarks

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

sb s§ . A
db dd - N4
ds uu / H

45



Exclusive path towards Higgs-light quark couplings

¢ Use the eff. Lagrangian: Ly = — 0o Phe gr —  Baq —Chet gk + hec.
q=u,d,s b q7q !
1 h 1 h’ Qv h 174
+ Zm% ZZpZ“"‘Z Wm\ZN ZWUWH-F KﬂyAfy;VF“ F/,LV!

Notice that: I'q = yqly EM ,  (sorry different notation)

in the SM: ks = mg/myp =~ 0.020
Kd = mgq/mp ~ 1.0-103
Ry = My /My >~ 4.7 - 104

l€7=l€v=1

46



Exclusive path towards Higgs-light quark couplings

Kagan, GP, Petriello, Soreq, Stoynev & Zupan (14)
I |

¢ Use the eff. Lagrangian: Ly = — 0o Phe gr —  Baq —Chet gk + hec.
q=u,d,s b q7q !
1 h 1 h’ Qv h 174
+ Zm% ZZpZ“"‘Z Wm\ZN ZWUWH-F KﬂyAfy;VF“ F/,LV!

Notice that: I'q = yqly EM ,

where generically: |k,| <098, |kq| <0.93, |kg| <0.70
varying only one at the time (95%CL)!

|| < 1.3, |Rq| < 1.4, |Rs|< 1.4

varying all couplings (95%CL)!
|Kqqr| < 0.6(1) forq,q €u,d,s,c,band q# ¢

same for the flavor violating case

(FCNC non-robust bound: |Kb.'i| <8-1072 Harnik, Kopp & Zupan; Blankenburg, Ellis, Isidori, (12))
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The main idea

h! MV

vector meson 1 \W Z
work In progress

Bodwin, Petriello,

oynev, Velasc
. )1/306.;/770 ; h 7 J/w ’Y Je
ol Ys
w’y ’

Kagan, GP, Petriello, Soreq, Stoynev & Zupan (14)

Adding off-diagonal: h — B%y, h — B0y, h — K0*y,h — Dy

Kagan, GP, Petriello, Soreq, Stoynev & Zupan (14)
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Ex..h — ¢y

I'hsgy =

87Tm

| 2

+ Two paths to get h — ¢y:

direct

indirect

Ry

---*--

w O

¢ Let us understand them one by one.

49




Ex.:h — ¢y, indirect contribution

: i ‘ ( indirect 9 \
¢

]

K
¢ Two paths to get h — ¢y: e
h

. \ 2

e

g " from experiment, p—ete
.fw“f’ X Y vector meson, !/ ' fyo x
—-_— - = - ' M H —
; gy, m;.- (fs = 0.235(5) GeV )
[ 1]
- fo |, 4m7
SS indir i
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Ex.:h — ¢y, direct contribution

 girect ¢ L) ndi )
direct 8 ¢

¢ Two paths to get h — ¢y: ---...-@

/ . 5 fJ_ \ ¢ . t, pete-
. Esmb R perimen , O—e'e
------ X ! L rl
' ' (V) mn (f?=0.191(28 )
\ ("local” structure : 50,5 X F“y

.

(ME) gy = =71

. dir v




Final result for the BR(h — gb)/)

direct " indirect

11 e
8% my, 59

2

Lhogy =

¢+ The resulting sensitivity:

BRh_ ¢y _ Fry [(3.0:& 0.3)k, — 0.78@] .10°°

BRh—)bE) 057@ 7

BRn_gs  k#|(1.9% 0.15)ks — 0.24R, — 0.12Rq| 410~°

Similar holds BRh _ 0571‘%2 )
, —bb b
for 1st generation: ~ oL,
BRh_yoe  k# (1.6 0.17)kg — 0.59R, — 0.29Rq| &410~°
BRh—)bB N 057/23% ’

52 Kagan, GP, Petriello, Soreq, Stoynev & Zupan (14)



Charming the Higgs, current status & few projections

Delaunay, Golling, GP & Soreq (1l3)

+ Ball park bounds are from Higgs “invisible” bound (assumes ¢,=1):

if all other “visible” couplings
set to SM values: BR(H->bb) is significantly suppressed:

@95%CL BREE{)B

BRy, 15 = — . A A
Vh—sbb 1+ (\‘(fc‘g _ 1)BRSM 407 (207)

h—scé \

with ng>0

adding a new physics source of
ggh: @95%CL

Cgg = Cgg+ 1.3 x107%¢; — (4.0 — 4.3i) x 107 ¢,
#
— (4.4 —3.0i) x 10 "¢, ,

" —3 2 _SM
_O-Cﬁ—>h _ 3Q # 10 |Cc‘ Jgg—>h’

[--"<(& #)-:(/% &&=(+"$/:#>(& =740 & :/.#). &BO6#H+#()+&

& —
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projections
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LHC 4, significant improvement inclusive c-tagging

e ¢ h

Medium 70% 20% 125%
C-tagging I 13% 19% 05%
C-tagging II 20% 30% 05%

b

LHC run Il and HL- LHC prospects (conservatlve) 2.0 LHC run IT and HL- LHC prospects (conservatlve)
o " medium+c-tagging | - Tt o " medium-c-tagging I1-
——- 21 300fb' ¢ I ——-2x300fb=1 ]
- —— 2! 3000fb' 1 - —— 2x 3000 fb—!
15F - 1.5 F ~
1.0} 1 z10f ]
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LHC 4, significant improvement inclusive c-tagging
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Prelim: naive exclusive projections, h — J/¢~ (c.)

¢ Defines some ratios to rescale sensitivity from ATLAS result: (x subscript for future)

8 X
Og Og x g
RSB:_S_X’ Rp:!pp! h/!pp!h’ REZ Lleg.
OB Os

| R
_X -8 SB
Hs = Mg RrR.

¢ Assuming SM production: ~ BRj,,, = BR,, -y If% ,
plig

"1
BR,)y, = 24 x 10" 4,5.4 x 10’ 5\/353 300,60001b
L4
19 1/4 19 1/4
300, 6000 fb~1 300, 6000 tb
11 — (95,45) Rgp—r <".< 11+ (95,45) Rgp——r
£14 y £14
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Inclusive, charm-tagging

b

€b €c €l

b-tagging  70% 20% 1.25% ATLAS, arXiv:1501.01325.
c-tagging I 13% 19% 0.5% non Jy SM
c-tagging IT 20% 30% 0.5% e Yel¥er
fb—1]  2x300  2x3000
Ke € [0, 21] 0, 3.7]
9.0 LHC run IT and HL-LHC prospects (uncorellated) LHC run Il and HL-LHC prospects (uncorrelated)
Tl GP,. Sorelq, Stlamoul& Toll>io Iprelg.m. Ilnedi{lm+lc'tag. IT A 10| Probling.; @.950/:) Cl._ o . . o
—_— -1 1 [
PRy ] fb' 1] 2300 23000
: — 2x3000fb™" ; ly"  [0.7,4.7] [0.9,1.3] i
L5 i 1o [0,21]  [0,3.7] 77
L i e /I
GP, Soreq, Stamou & Tobioka prelim. // /
L | /9630‘0 ///
1.0 F - - b e J
X yd s
/// /—/\ ///
i //// A //// /7
0.5 L Profiling | —’,/’/ /6%21°/° / 4
F [fb~1]  2x300 2x3000 \ 4 |7 - / //  medium+c-tag Il
Ay = 0.2 or N 1 e o5t 7 ——= 21 300fb' 1
i A,Lbc = 10.3 3.7 ﬁ/// // —— 21 300010 1
0.0 . ] ] ] ] 1 o A, L ) —
I 60 I 40 I 20 0 20 40 60 1 10
" |
¢ ‘c

58



Exclusive projections

¢ ATLAS result, mapped out the dominant BG:  #h1BRy/ 1+ < 331D axivi1501.03276 ep-ext

¢ Useful to define ratio that is independent of the production:

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

#,BRy - - 2.8% 10 2,% %8.7$ 10 20/@#2/0/3, M = J/!
1% M=%

[ 1] —
Rum- 7 # = #
Bodwin, Petriello, Stoynev & Velasco (13); Kagan, GP, Petriello, Soreq, Stoynev & Zupan (14)

#nBRzz v 4 Vzz 4 24% 10 %2 % %2.6$ 10 3%

BRM. =2.9% 10 ¢ BR$M =3.0% 10 &, BRY. 4 = 1.25 x 1074 .

¢ For a given upper bound, Hy , on an exclusive mode, we can write:

My BR,\SAM,Y

SM
U'ZZ * BRZZ x| A

o _ #BRu,
| " #MBRYY,

RmAqz <
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Exclusive, deriving the bound

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

11k, — 1OKV\/EJ/¢///LZZ* <ke < 1llk, + 10/<6V\/ﬁj/¢/,uzz* ;

380k, — 380ky | /Ty /1izz- < ke < 380k, +380ky\/Tiy/1zz-

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

¢ To project define the following ratios: L ( 1 )1/ 2
Ky B = K 3
Rpr R. r RsB.E
_ SpM/Bg _ OhE _ Lk
Rsp,p = SV By Rpp = ﬂ; Rep= s

¢ Projection for J/i,:

70 / 4

woq &
1 2$ (300,3000)fb *

/, assumingzz: = % = % =1
Rsg, 14 L 14

% < 11+ (75, 42)

0

0
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Exclusive, deriving the bound

S onBR(R"

¢y) L

BR(¢ "

KtK™) e

¢ Ratio of signals:

Syt onBR(h" J/Py)LBR(J/Y" ptpu~) ey

where & () is the triggering and reconstruction e" ciency

¢ Backgrounds: ATLAS=> dominant is jet -> photon + QCD .J/# production.

| (pp = %) P(j - $)L BR(%— KTK') &

Even more so expected for % : By _

By V(pp— J/#G)P(G — $)LBR(J/# — ptp' )&y’

H¢ - HJ/ P SM
BR¢7

BR3",, | 1(pp— %) BRI # — u* =) & 4
| (pp— J/#]) BR(%—K*K~-) &

L(pp— I/ #]) &

| 0n
=o.33m/¢\/ Pp>2) Zo

¢ For tight selection (ATLAS) P(j " $) $ 2! 10; & using PYTHIA to simulate
L(pp" A) #

QCD BG, and rescaling from J/4 ~;

¢ Projection for %$:

L(Pp" I #) e

$ 85.

ks < 380 + (2900, 1600)

$
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L 14
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Showing all constraints together

oo [T sutiTTeve st isTev:

25, oATLAS
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Constraining Higgs-quark universality #1 (model indep’)

¢ New production eliminates the }c runaway === (<230 what about);?

SM
¢ ATLAS+CMS tth: u?;/f =2.2+0.6, Ctr >1.0 Bip”a's > 1.0
fresh from Moriond Pnals

SM

C

ce Yt Ve _loggYe <939 1y, <y, !
SM

Ct yc yt yt

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

Mano’s talk: the method works much better via real c-tagging working point.
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New production mechanism VH(bb)

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

¢ Ue= o B]fer =>\w SM VH-production L. < 30 => no constraint on .

ATLAS+CMS (stat+MC error)

+ However uc <30 for large c. >50 new production mechanism:

V H enhancement at LHC8MG, cuts from CMS analysis)

[[—— 100<p7(W)/GeV < 130 ' R
[| = — 130<pr(W)/Gev< 180 . R4
c Ye H [ - - 180<pr(W)/Gev v .,
______ | =— 100< MET( Zn )/ GeV < 130 . R
4H — — 130< MET(Zy )/ GeV < 170 S S
- 170< MET( Zn )/ GeV . Dl
100<pt(Z~)/ GeV < 130 J 4
- 170<p1(Z=)/ GeV :

SM
pp! VH

X
yvil!

| Ye
* pp!

ol & Tobioka, preliminary ]
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Cc:yc/y(§M

No runaway for ¢, === | Cc <250.
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Comment added

Koenig & Neubert (15) obtained a weaker bound than what shown above.
The reason for this 1s three fold:

(1) we normalised the signal strength of the exclusive channels by . to reduce
the dependence on xy by 10%.

(1) include the order 10% theoretical uncertainty in the bound.

(111) KN: modified central value of matrix element => 40% reduction the dependence
of uc => 40% increase in the bound:

Lhi g = 142 (ky # 0.087k.)°" 10" 8GeV

™~

0.063
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